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SOMMARIO

Lo scopo di questa tesiquantificare i benefici economici della gestione dei progetti di costruzione
sfruttando il BIM e il potenziale di interoperabilitd. La crescente sofisticazione dei progetti di
costruzione richiede analisi approfondite e sforzi per progettare nuovi fludavato, strutture

organizzative, procedure e altri strumenti critici per la gestione efficiente delle attivita di costruzione.

Nella filiera Architettura, Ingegneria, Costruzione e Operazioni (AECO), ci sono grandi aspettative per

la digitalizzazione e il Building Information Modeling (BIM). L'obiettivo finale della implementazione
del BI'M e del | a c os iedatii@arete garafitireil'arricdhionenio dehneodetloiBiMi t a |
creato durante la fase di progettazione sino alla consegna del moealiitt asfini del funzionamento

e della gestione delle risorse.

Il BIM & il fattore abilitante di un'interazione senza gabme di continuita tra le varie controparti
interessate in un progetto di costruzione. Questo spiega l'urgente necessita di intraprendere un processo
di cambiamento che apre molteplici opportunita per ideare nuovi metodi ora possibili dopo aver
implement#o la metodologia BIM nelle pratiche di gestione della costruzione. Un altro obiettivo di
questa tesi € quello di approfondire la comprensione teorica del contenuto e della prospettiva del valore
aziendale del BIM approfondendo i problemi attuali e suggesbluzioni. Per portare prove della
situazione attuale e della possibile via da seguire, sono state condotte ricerche di mercato, analisi
documentali e interviste con esperti.

Una quantita significativa di dati e competenze é tenuta segreta all'intemgadizzazioni e progetti,
impedendo che venga sfruttata al massimo delle sue potenzialita. E necessaria una soluzione a lungo
termine e onnicomprensiva che consenta la conciliazione delle carenze in termini di prestazioni di
interoperabilita tra progété imprese. Il modello BIM prodotto in fase di progettazione rimane inutile

nelle fasi successive. | professionisti dell'edilizia utilizzano per lo piu metodi tradizionali e/o tecnologie
innovative non necessariamente basate sul modello BIM prodottmodatiisti. Pertanto, il suo utilizzo

nella gestione del progetto di costruzione é rimasta indietro.

Sfruttando gli schemi di dati aperti, sono stati sviluppati msadelli logici a supporto della gestione

dei progetti di costruzione. Le informazioni lsulpianificazione dei costi e sulla pianificazione
temporale hanno ricevuto un‘attenzione significativa al fine di contribuire allo sviluppo del BIM 4D e
5D. Modificare le Definizioni di Visualizzazione del Modello (MVD) esistenti con I'MVD nativo di
ciagun software e tentare di renderle open source sarebbe un vantaggio economico utile per l'industria
AECO in generale. Per massimizzare l'interoperabilitd, openBIM deve essere riprogettato, perché la
connessione e lo scambio di dati tra diverse organizzadieve avvenire attraverso la specifica
OpenAPI (OAS), che consente le connessioni di tutte le applicazioni in grado di comunicare con i servizi
web. Questo € un livello tecnologico che & molto piu alto di quello che & noto semplicemente come
"openBIM".
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Questa tesi rifiuta infine |™ottimismo tecnocratico" (BIM hype) che domina l'attuale ricerca sul BIM e

suscita importanti domande sulle implicazioni di tale linea sullo sviluppo dell'analisi. Pertanto,
incoraggia i r es pons atimle Ipiocespoodi costiuzione cle resta dneltbi ni r e
tradizionale. La visione a tendere della tesi indica la necessita di integrare persone, risorse e pratiche
commerciali al fine di ottenere una maggiore efficienza.

Parole chiave Mercato belga, Valore aziendakuilding Information Modeling Construction Project
Management, Interoperabilita
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ABSTRACT

In Architectue, Engineering, Constructiprand Operation$AECO), there are high expectations for
digitalisation and Building Information Modéhg (BIM). The pupose of tis dissertations to quantify

the economic benefits afonstruction project managementeveraging BIM and interoperability
potential The ultimate objective of digital construction is to ensure the enrichment of the BIM model
createdduringthe design phasendthedelivery of the asuilt model for the purpose @fperation and
asset managemerithe increasingsophistication of constrtion projects requires extensiamalysis

and efforts to design neworkflows, organisational structures, procedures, and other critiod for

the efficient management of construction activities.

BIM is the enablerof seamless interaction between tlaious stakeholders in a construction project.
This explainsthe urgent needand opens multiple opportunitie® devise novel methods for
implementing the BIM methodology inteonstruction management prae$. The aim of this
dissertation ido deepen theheoretical understanding of the content and perspective of the business
value of BIMand to elaborate on the current problemd suggesting solution®o bring evidence to

the current situation and the possible way forwhlave conducted market resdg desk analysiand

expert interviews.

A significant amount of data and expertise is kept secret within organisations and projects, preventing
it from being exploited to its full potential. There is a need flama-term, all-encompassingpol that
enables conciliation ahteroperabilityperformance shafalls across projects and companigise BIM

model produced during thelesign phaseemains useless in the subsequence phasesstrdction
professionals use mostly traditional methaaslbr innovative technologies not necessarily based on
the BIM model produced by the designers. Therefore, the incorporation of construction project
management has lagged behifde AEQD sector has placed a strong emphasis on the project context,
but the economics of the transition to a digital environmeng baen overshadowed.

Leveraging open data schemas, logical rmetalels supporting construction project managemera wer
developedcostschedulenformation andime schedulenformation were given significant care in order

to contribute to the developmenit 4D and 5D BIM.Modifying the existingModel View Definitions

(MVD) with each software's native MVD and attempting to make them open source would be a
worthwhile economic advantage for theAECO industry at large.To maximise interoperability,
openBIM must be reengineered, because the connection and exchange of data between different
organisationsneeds to take place through the OpenAkcification (OAS) which enables the
connections of all applications capable of communicating with web servicissisTd technological

level which is much higher than what is known simply as "openBIM"

This dissertation rejects the "technocratic optimism" (BIM hype) which dominates current BIM research
and raises important questions about the implications of suajeetory on the development of analysis.
Thus it encourageshe policymakerso redefine the contemporary, very traditional building process.
This aims to integrate people, resources, and businessesaatiorder to achieve mor#ieiency.

Keywords: Belgian Market, BusinessValue Building Information ModellingConstruction Project
Managementinteroperability
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1. INTRODUCTION

TheArchitecture, EngineeringConstructionand OperationfAECO), industry is rapidly evolving and
developinghowadaysintegrated Project Delivery (IPD) is an innovatimethod of project management

that has been adopted by the ABGd Facility Management (FM) industriebhis methodaims to

integrate people, systems, business structures and practises into a process that collaboratively leverages
the talents and insights of all participants to optirpiegect results, increase owner value, reduce waste,

and maximise efficiency throhgut the entire design, fabricatioand construction phases. The new

plan that the IPD is using to achieve these goals is called Building information Modelling (BIM).

Notwithstanding the fact that it is estimated by McKinsey Global Institute (2017 vexgpenses of

$14 trillion by the year 202%he construction industry has ordgen a rise in labour productivityf

one percent annually on average over the past two dedddess significantly lower than the overall
economy's rate of 2.8 percendemanufacturing's rate of 3.6 percévitKinsey Global Institute, 2017)

Gi guk, et al.,(2022)has identified infusing digital technology to be one of the ways to tackle the

root causes that underline the poor productigitywth of the industr(Turk, et al., 2022Mario Caputi

(2022 argueshisto be publisheth o0 olki fiee Gui da BI M per top themnage
misunderstandingf the term openBIMand interoperabilityln the BIM-basedligital revolution, nany

i nterpret interoperabi |l i Theg fachthat thedopendustry Fotindagiana t i o |
Classes (IFC) data format can be read by different soffwlaes not mean that is can be considered
interopeable(Caputi, 2022)

BIM is a contemporary method of intelligently managing project information that offers numerous
advantages ovdraditional methods. As a result, an increasing number of nations and companies are
making tke switch from traditional workflows to BIM. ThAECO industry is optimistic about the
prospects offered by digstitior and BIM. The interest is reflected in the popularity of terlike
business value arglM. As a result, ompaniesare compelled tpostpneprojects and incur additional

costs as a result of the slow adoption of innovative software applicaBeoause of this lack of
productivity, the construction industry continues to be more conservative than other indOstlies.

other hand, both the practical and theoretical understanding of its content and perspective are
characterisedby the positivism and rationalism that are promoted by the indugtithough several
governments have researched this problem, no reabiements have been mad8helton, et al.,
2016)Geno Armstrong and Clay Gilgebdbs research (20
slowto adopt new technologies for two main reasonsth@)perceived benefits dmt match up with

the costs and risk§2) many companies do not want to use new metfasstrong & Gilge, 2016)

* Measuring productivity is challenging. McKinsey used gross value added as a measure and used sector deflators to pdceunt for
fluctuations. The analysis refers to 41 countries that generate 96 percent of global GDP.

Altis important to have a thorough understanding of the distinction between the terms "digitisation" and "digitalisatiomtdgs of shifting

from analogue to digital form, often data or documents, is referred to as digitisation. This means thlaigae @nocess is converted into a
digital form, but the process itself does not undergo any changes that are different in kind. The use of digital te¢braitegesompany's
business model in order to create new revenue and-pabaieicing opportuities is whatis mean whendigitalisation is mationed (Gartner
Glossary, n.d.)

Erasmus Mundus Joint Master DegRgegrammé ERASMUS+

European Mastén Building Information Modelling BIM A+ 1



Businessalue ofconstructiorproject managemeigveragingBIM and interoperability
a new perspective on enatdand challenges for the Belgian market

1.1. Problem statement

It is abundantly evident that teECO industry traditional procurement processes are insufficient to
meet the current problems. BIM is becoming increasingly popular as a solution to chaittetiges
AECO industry. Here are the three types of problems that axase when using BIM to manage a
construction project: (Iproblems of Project ManagementAECO industry; (2) Problems of BIM as
Project Management Methodolag$) Problems in managing the BIM Process.

A massive amount of metdata is generated during the construction procEssreis not enough
coordination the exchange of metdata is causing alenty of issues. Nowadays, documents and
drawings are commonly used to transmit rredéa.Figurel depicts the traditional flow of information
that occurs between all parties involved in the construction prdi#4ss a new approach to IPmith
many processes not yet defindohplementdon of BIM-based project management includes social
challenges and obstacles. They depend on the people involved in thé prdjee implementation, 12
obstacles can be distinguishadhich are related to successful adoption and/or collaboration ireBtv
integrated desigrn(1) Cost, (2) Interoperability(3) Responsibility(4) Workflow; (5) Firm Culture (6)
Number of Models(7) Autonomy (8) Education(9) Communication(10) technological Challenges
(11) Trust (12) Working in Team¢Deutsch, 2011)

LEGEND

__________________

CONTRACTOR

STRUCTURAL ,  / | "‘\ . GENERAL
) ENGINEER CONTRACTOR
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Figure 17 Information sharing between different stakeholdersusing traditional methods

With BIM-based project management, there is a distinct need to generate, optimise and manage the flow
of activities throughout thproject life cycle. In my dissertatiphwill focus on effective techniques of
communication and collaborationpenBIM datamodels and a framework of construction project
management workflowelated tasks.

1.2. Insightsin the business value of BIM

Increasing interest in the term "business value" of BIM is a reflection of the high expectations for BIM.
Mooney et al. (1996), Melville et §2004), and Kohli and Grover (2008) have investigated the business
value of Information Systems (IS). To boost the use of BIM inAIBE, McGrawHlill, in partnership

with funding partners, BIM software vendors, and consultants, has introduced the teimesbwalue”

since 2009. Based on studies of BIM users, they promote the commercial benefits of BIM. The term
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"business value" in BIM is characterised by a bias toward rationalitpasitivism yetremains vague
and unclearFor examplethe business vaé of BIM is described in terms of a variety of concepts,
ranging from overall value, internal benefits, business beneéfitsiness value to player value, and
includes a wide range of estimat®cGraw-Hill, 2009), (McGraw-Hill, 2010), (McGraw-Hill, 2012).

Furthermore, the circumstances surrounding the business value of BIM, such as enablers and obstacles,
are neglected. Seldom are barriers to business adhressed; when they are, they are characterised as
"limiting the ability to achieve better results" and they are afterwards referred to as "top approaches to
increase BIM, business value, and business benefits." The problems also relate more to external m
variables (such as a lack of interoperability amongst software packages) than to any challenges of the
actual BIM implementation itself. There is no further analysis or problematization of the business value
of BIM and the associated challenges twhe with it.Nevertheless, the reports and the business value

of BIM have gained a lot of attention in practisey((BIM Task Group2012))as well as research (e.qg.
(Succar, 2009)BecerikGerber & Rice, 2010)Barlish & Sullivan, 2012)and(Eadie, et al., 201))

In total, the reports by dMGrawHill have been mentioned in over 468searctstudies Bilal Succar

Kristan Barlish and Kameth Sullivarwho have had a substantial amount of influence on AEC research
are the ones who have relied on the optimistidaiygedperspective of the business value of BIM.

The fact that McGrawHill (2009, 2010, and 2012) has an economic interestéowaging more BIM

use makes it not unexpected given that the reports were created with the purpose of promoting the
increased use of BIM. However, the commercial industry actors' view of the business value of BIM
appears to have gained authority and irflce (hegemony) over AEIresearch. This interpretation is
favourably oriented toward BIM's benefitAccordingly, there is a necessity for the creation of a
theoretical understanding of the business value of BIM. The above understanding should not only
broaden people's understanding of the term and its implications for research and application, but it
should also reflect on, problematize, and extend the current rational and positivistic understanding of
the content and perspective of BIM. The purpose of this dissertation is to close this knowledge gap.

Drawing onlS theory may thus provide useful insigifitir developing both a theoretical understanding

of the business value of BIM and a practical understanding of its implications for the development of
competence, strategizing, business models, and decisi&img in the AE© industry. It is possible

that this will also allow commercial actors in the ABGndustry to expand their current limited but
hopeful view of the business value of BIM.

1.3. Aimsand research question

This analysisaims to &plore the optimisation of BIMbasedconstructionproject manageemt within

the Belgian AE© industry andsubsequently narrow down the research fi€hls analysisincludes a
literature review of possible applications and knowledge for an exploration of optimisation ef BIM
based construction project managem&atmakea real practical contribution in this domain, the current
limitations in the Belgian AECO industry will be mapped (5. In order to increase the reliability of

the optimisation, market research will be carried out and the results will be assesskd to gather
practical information within Belgiumrlhe proposed new business process will be set up with the aim
of generating economical added value for the Belgian construction sector, which counts 10% of Belgian
enterprises and represents more tharo7%tal employment in Belgium (FPS Economy, 2021).
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Ultimately, expert interviewswill be used to draw up a business process reengineering and to find an
answer to the main research question, which is|ksvi&:

fiHow to leverageinteroperability to maximize the business value of BIM in construction
project management within the Belgian AETindustry?0

Moreover, several sufjuestions need to be answered in order to contribute to answering the main
guestion. These swigsearclguestons are as follows:

1 SRQ1:How is the business value of BIM considered by BeldiBCO professionals, and what
characteristics are seen as challenges and obstacles to the business value perceptions of BIM?

1 SRQ2:What are the software limitations for consttion project management, and what is the
importance of the Model View DefinitioMVD)? How does the currenbteroperability by
Industry Foundation Classel-C) meta data model relate to the use for construction project
managemert

1 SRQ3:How might a dgital solution optimise construction project management?

1.4. Dissertation structure

Figure2 presents the overall structure of this dissertation which has three main parts as described below.

1 Part I: Context, motivations, and objectivesincludes two chapters: (1) General introduction
(2) Literature review; that explain the motivations, presents the research questions and main
objectives of this dissertation

1 Partll: Methodologyincludes three main chapters that support the research questions defined
in sectionl.3 Aimsand research question

1 Chapter 3: presents the market research that allows constructingl® A®del of the
Belgian AECO industryThis chapter gives an answer to the first-segearch question

1 Appendix A: presats the semstructured questionnaire.

1 Chapter 4: presents the concepof IFC, and the openBIM data models for time
schedule information, and cost estimati®his chapter gives an answer to the second
and the third subbesearch questions.

1 Chapter 5: idertifies the challenges and enablers of business value of BN
chapter gives an answer to the firstsue sear ch question and
value of BI MO can contribute to the dig

1 Appendix B: presents th@articipants in the serstructured interviews held
with the experts from the Belgian AECO industry.
9 Part lll: Conclusion includes a chapter that presents the conclusion of this dissertation by
giving an answer to the research questions previously disetiion the results of this analysis.
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General introduction

Chapter 1

A combined scientometric and controvertical
literature review applied to BIM

Chapter 2

A market research based on a semi-structured
questionnaire

Chapter 3

Integration of BIM with construction project
management using openBIM

Chapter 4

Assessment of the challenges and enablers of

BIM based on expert interviews
Chapter 5

General conclusion

Chapter 6

Figure 27 General structure of the dissertation
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2. THEORETICAL FRAMEWORK

2.1. BIM

Different recent studies give different views on what BIMGs. ga Tur k (2016) stat
toolset that changes construction processes resulting in deeper knowledge and a higher level of quality.
Yan Liu et al. 2017)see BIM as a socitechnicalsystem that offers the possibility of combining
modelling functions with process management, whAilieGhaffarianhoseiniet al. (2017) arguesthat
BIM as a set of technologies is more focused on improving interorganisational collaboration during
project lifecycles.No common consensus among BIM standards can be found on the definition of BIM
(seeTablel).

Table 1 - Definitions of BIM in the predominant BIM standards

Standard Definition BIM
2.2 building construction information modél BIM
shared digital representation of physical and functio
characteristics of any built object (including buildings, bridg
roads, etc.) which forms a reliable basgiscisiors
Note: ABuilding lisfdédrmaguicoan |
for Bl Mo
fi3.7 building information modelling (BIM)
PAS 11922:2013 process of designing, constructing or operating a building
infrastructure asset using electrorabjectorientedinformation
3.2 building information modellingi BIM
use of a shared digital representation of a built object (incluc
buildings, bridges, roads, etc.) to facilitate desigonstructionand
ISO 294811:2016 operation processes to form a reliable basis for decisions
Note 1 to enty: The acronym BIM also stands for the shared dig
representation of the physical and functional characteristics of
construction workso
fi3.3.14 building information modelling BIM
use of sharedligital representation of a builasset to facilitate
design, construction,and operation processes to form a reliat
basis for decisions
Notel to entry: Built assets include, but are not limited to, buildil
bridges, roads, process plan

ISO 294811:2010

EN ISO 196501:2018

According toGi guak (2016),BIM is the abbreviation of three terms in tARECO industry: Building
Information Modelling (process), Building Information Model (product) and Building Information
Management (process control). This dissertationtinues this division but elmges the definition of

BIM (process), BIMmodel (product)and BIM management (process control). The growing level of
BIM needs these different terms as it all started with the challenge of representing buildings in 3D. This
evolved into a management process of complex AEC projects with a high measure of interoperability
throughout their life cycl€Turk, 2016)
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2.1.1. Adoption of BIM

The majority of previousesearch on BIM adoption and implementation is often contradictory and varies
by context(Gu & London, 201Q) This section is specifically intended to discuss BIM aadhmarise
related research. In general, these studies show which factors can have an impact on BIM adoption.
Although there is no general consensus in the literatureT@gle 2), these factors are based on the
perspective of large organisations and ndmifall and Medium sized EnterpriseThe purpose of this
dissertation is to contribute to the perspective dfBlased project management in the Belgh&CO
industry.

Table 2 - Previous research on the factors that influence the adoption of BIM

Authors Researchmethod Conclusion

Complexity and comparative advantage

not influence BIM adoption

Environmental factors such as competit

(Cao, et al., 2014) Institutional Theory pressure and governmental pressure

significant foradoption

Top management support is not significant

BIM adoption

Testability, top management support &iil

expertise significant for adoption

No environmental factors influencing BII

adoption

Government regulation proved to be mi

(Qin, et al., 2020) TAM-TOE model driver for BIM adoption. Environmental ar
organisational context most important

(Xu, et al., 2005) TAM model

(Ding, et al., 2015) Theory of reasoned action

(Ahuja, et al., 2016) TOE framework

(Chen, et al., 2019) TOE framework

The results vary by country, by disciplirend bythe size ofthe company. What is remarkable is the
contradictory results found in research that relies on the same c@ftextet al. (201Rxamined the
adoption of BIM for the Chinese construction industry using the fAa@olyy-Organisation
EnvironmentalTOE) framewok of Tornatzky & Fleischer (1990The study showed that comparative
advantage and top management support are key factors for BIM adoption among Chinese organisations
and startups with an innovative characteflso, there was a discrepancy between enginge
companies and construction companies in terms of organisational readiness, as the composition of these
companies is completely different. Furthermore, there was no environmental factor influencing Chinese
construction organisations to adopt BIM. Thigontradictory to the findings of the research by Xu et

al. (2005). These researchers used the Technology Acceptance Model (TAM) and concluded that
complexity and comparative advantage do not influence users' adoption decsierreason for this

may bethat the research was conducted during the early adoption phase of BIM in China, which meant
thatafew organisations were already using BMbreover, Cao et al. (2014) state through institutional
theory that environmental factors such as competitivesspre and governmental pressure are

* An SME is an indepent company with less than 250 employees and an annual turnover not extide80hmillion or a balance sheet total
not exceedindeUR 43 million (European Union, 2014)
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significant for BIM adoption. Conversely, Ding et al. (2015) indicate through the theory of reasoned
action that top management support is not significant for BIM adoption among architectural
organisations in China. Orexplanation for these contradictory results may be the different scope and
theoretical frameworks used by the researct&rsilar to the study by Chen et al. (2019), Ahuja et al.
(2016) also used the TOE framework to investigate the adoption of BIMchiitestural organisations

in India. They showed that testability, top management support, and expeidé are significant
factors that can influence the adoption of BIM. According to Qin et al. (2020), environmental and
organisational factors are tligivers of BIM adoption in China. This research used the TRBE
model, which showed that government regulation had the most significant influence.

2.1.2. nD BIM
BIM has progressed farthéseyond 3D modelling, and as a result, midémensions , somet i me
knowna fADO6sO have been i ncor pweresesearchedndfebognisédtsi me n s

an intgration into the 3D models as early as the 1990s. This was done to be able to view the execution
of a project through its many phases and wagnerfeto as 40BIM at the time(Collier & Fischer,

1995) After that came the implementation of the 5D method, which was used to refer to the cost
dimension. Popov, etal., (2010) provided a conceptual framework for the use of the different
Adi mensionsodo of BIM identified so far (3D spac:¢
virtual environment. They referredtioe cose | e ment i n projects as the i
they used t he t ecostelementihgrojects. On thé other hand this wae not the first
time that the prospective addition of coseven the various dimensions of Bilre discussedouad,
etal,(2005) brought up the concept of HfAusgedthemodel
potential for expanding the scope of the information that is included in the models. It is feasible to further
expand the possibilities of BIM by iChmatefega.,.at i ng
(2018) say that some of thesewndimensionsare sustainability, accessibility, safety, energy, and
acoustics.

A more reliabl e e tastdragnd moreocagcgrht® detailed estmatiszeased
collaboration within the appointment parties; increased project understamdprgved visualisation

of construction details; and a reduction in change orders are some of the benefits of using 5D BIM
(Sacks, et al., 2018jHasan & Rasheed, 2019 addition to this, 5D BIM mies it easier to make

i mportant deci si o ability toyanalysenmformatiorfbeg, etoah, 2@16)When
combined with 4D BIM, 5D BIM is also seen as a useful tool for managing costs and schedules over the
course of groject(Lu, et al., 2019)

Despite this, there are still certain restrictions. Quantity-tdkewhich is currently one of the most
significant benefits of utilising 5D BIM, is simply one of the steps involved in the progagh means

that fully automatic cost estimating is not an option. Eastman et al. (2018) explain that 5D BIM is not
meant to replace cost engineers, but rather to help them do their jobs. In addition, the deployment of 5D
BIM in businesses faces a numbmsrbarriers, including specialised technological skill needs from
experienced individuals, reluctance to change, relatively high implementation costs, and the demand for
collaboration(Sattineni & Macdonald, 2014)
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2.1.3. EnhancedQuantity Take-Off (QTO)

In the AECO, a QTO serves as the foundation for various proceduresldition, the process ¢arried

out by many individuals that are participating in the projasta result, the information that is obtained
from a QTO has a $&stantial impact on the overall performance of the project. When done by hand, the
process of creating a QTO is one that is both-ar@suming and prone toistakesBecause of this

the procedure of developing a QTO is seen as an ideal use castofmiation in AECQTO can be
generatedserd ut omati cally, which is one of 5D Bl M6s
fundamental QTO capabilities of n@pecialised BIM software. One of the primarytidistions is the
availability of a specialsd QTO editor, which enables the creation of custdoeséreakdown
structures to better accommodate the unique peculiarities of each prbgse.characteristics mighe
physical components of the project, such as the type, size, or number of systethey can be
parametricmetadata, such as categorisation types or BIM model standendsncreasing use of BIM

k ey

represents a crucial step towéindautomated creatiomf QT O6 s . B ésorganiseeceritrdlly dat a

and based omodels, it is possible to make advancements in terms of the amount and quality of
information as well as the availability of informatiohdditionally, the qualityand transparency of the
generated QTO may be improved, and at the same time, the QTO easilpecusedand adapted to
accommodate changes in the design of the project. This is facilitated by the féot Qa0 is easily
adaptableTable3 gives an overiew of these aspects in comparisuith the traditional approach.

To maxi mise the programdés potential, it is essent

automatic productigndepe@diOdg oo0rt be dmeyeganl 6 s
ruleset. As long as projects have a consistent breakdown of objects and fémnslipgssible to make

a companywide QTO template that lets QTOs be made without having to redo the full categorization of
costs. This would make the company muabrenproductive. However, it is essential to keep in mind

that the enumerated enhancements can only be accomplished if those involved in the project adhere to

the fundamental principles of BIM, which provide a framework for the definition, interchange, and
management of data.

Table 3 - Traditional QTO vs. BIM -based QTO(Mattern, et al., 2018)

Aspect Traditional QTO BIM -based QTO

Information Risk of working with outdated or BIM-based collaboration helps to

quality inconsistendocuments; 2Bdrawings work with models that adhete the
may contain errors current planning phase; Possibility

to perform collision checks before
conducting QTO

Information Depends on availabocuments Model contains availablmetadata
guantity which corresponds to current
planning phase
Information Manual: timeconsumingerror prone Easy and fast due to the central
availability modelbased organisation
Quality of QTO Manual measurements megntain Errors caused by wrong
errors measurements are avoided
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Aspect Traditional QTO BIM -based QTO
Transparency of Manual mapping between drawings Visualisation options offer great
QTO and WBS may result in decreased transparency

transparency; complex situations
require human interpretation of

drawings.
Reuse of QTO Depends on data format of QTO (M¢ Direct link to 40 or 5D-analysis;
Excel, data bases, etc.) Reuse for organising material
orders
Flexibility Need to revise QTO manually Effective revision of QTO;
concerning Possibility to compare design
changes in design alternatives with little effort

2.1.4. BIM -based QTO & Bills of Quantity (BOQ)

The QTO is the estimation of the materials needed to accompiish construction projectThe
trustworthiness of théollowing tasks: cost estimation, costapning and material procuremenis
dependent on the accuracy of the Q{Khosakitchalert, et al., 2020Traditionally, quantities are
measured using 2D drawings accordinghe standal NBN_B06001.0ne of the strengths of 5D BIM
is the dility to create QTO serautomatically.The objects within the BIM model contain metata.
This data is adapted to the requirements for a particular purpose or use of the model.

Modelling authoring sftware has basic QTO capabilities, which are further enhanced by 5D BIM
software.One of the biggest differences is that QTO has a special editor that lets you make flexible
breakdown structures that fit the needs of your project b&lgt.models can réucesurveying time
because the surveyors extractdo@ntities fronthe model objects instead of measuring them manually
(Sacks, et al., 2018However, if the BIM model lepoorly metadatadistribuedobjects and elements,

the enrichment of the QTO must be performed manually, a process that can become very labour
intensive for larger projects. This makes the qualitlM models the biggest challenge for Bib&sed

QTO (Khosakitchalert, et al., 2020} is important to follow modelling guidelines suitable for QTO.

Modelling with the end in mind is key; overodelling to a high level of detail is tirmnsuming and

the added value is rather limited. This is a limiting fadtorthe QTO, as these elemewtnnot be
directly budgetedDarren OlsemndMark Taylor (2017) showed in their reseatbht up to 50% of the
metadata needefbr a quantity survey is actually captured in the BIM mo#sgiperiencd quantity
surveyors will §ill be needed to validate the extracted information based on their knovj\idgeault,

et al., 2020Another limiting factor is the use of composite objects in the modelling authoring sqftware
which meandosing the ability to exact individual quantities from the objects. A derivation of the
results based on the composite elemeiitdead to a different extracted quantihyan theactual quantity
(Khosakitchalert, et al., 2020)ot all elements in thelBl model have a graphical representation, for
example coatings.

During the research conductdatoughinformal interviews, it appears that the two main disadvantages
of BIM-based QTCare (1) the amount of time invested auditing and correcting th@odels with
incorrect metadatd2) metadata that is not up to date with the def@sen & Taylor, 2017)
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However these drawbacks do not outweigh beeefits of BIMbased QTO compared tioetraditional
method. In the futte, use will not only increaséut also become essentiaimeet requirementh.gives
more transparency and involves more engagement of appointment .p&t#s the current
shortcomings of modelling and the quanti&keoff perspective will logicallybe resolvedOlsen &

Taylor, 2017) and standardisation will play a crucial role.

2.2.

Interoperability

The term interoperability is the conflation of two words: (1) inter = between two groups; (2) operability
= ability to keep aiece of equipment, systemor a whole industrial installation in a safe and reliable

functioning condition, according to poefined operational requirements Table 4, the different

definitions of interoperability among standards and research can be found

Garcia& Zhenhug (2015yeported thainsufficient interoperability in a construction project could

account for about 3.1% of the typical project bud@srcia & Zhenhug, 2015)nteroperability refers
to the ability to exchange information between differentveafé application tools in real time,

eliminating the need to manually transfer data from one application to another.

To achieve interoperability, it is necessary to fulfil the 12 principles of interoperafiljtgubsidiarity

and Proportionality; (2) Opmess; (3) Transparency; (4) Reusability; (5) Technological neutrality; (6)
Usercentricity; (7) Inclusion and Accessibility; (8) Security and Privacy; (9) Multilingualism; (10)

Administrative simplification; (11) Preservation of information; and (12) sss®ent of effectiveness

and efficiency

Table 4 - Definitions of interoperability

Standard / Authors

Definition interoperability

ISO 259642:2013

fAbility of two or more systems or components to exchs
informationandtouse he i nf or mati on t ha

(Guenther &
Radebaugh, 2004)

fiTheability of multiple systems with different hardware and softw
platforms, data structures, and interfaces to exchange data
mi ni mal | oss of content and

(Cambridge
Dictionary, n.d.)

AfThe degree t o \programs, ett. eam bepuse
together, or the quality of being abletobeused get her o

The

I nformati on Delivery Manual (I DM) and

approaches to addrésg interoperability issugusing theopenBIM format IFC IDM-MVD allows
stakeholderso ensure that BIM contains the informatioecessary for collaboratipsupporting a fully
automated open workflow from BIM to third approaches (estguctural analysis)FC is not always

compatible with BIM software toolsnd IFC's structure is not compatible with BIM.

Interoperability is defined by many stakeholdass"data integration and linkagyén the BIM-based

Mo d e |

digital revolution, the same open IFC data format is even considered interoperable due to thetfact that i

can be read by different softwar8&ucha statementis not totally compatiblewith the current

interpretation obpenBIM. "Interoperability” is the ability of computers to exchange processing capacity
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through the "consumption” of servicdss a result, the purpose of this dissertation is to reengineer the
interpretation obpenBIMbecause the connection and exchange of data between different organisations
should take place using the OpenAPI specification (OAS), which enables the connettalhs
applications capable of communicating with web servitéss is a technological level which is much
higher than what is known simply asgenBIM'.

2.3. Management of Public Private Partnership(PPP) projects

Project and process management are aimed at the detialdng implementation and realisation of
PPP project§Voets, et al., 2010Project management refers to the substastéehnical approach of
projects. Process managarheefers to the processiented, partyoriented approach to projecide
Bruijn, et al., 2002)

2.3.1. Project management

Project management is a specific field of management sciences focusing on the realisation of complex
projects(Coppens, 2006Projects can be defined as a series of (interrelated) activities and tasks that
must produce a concretely described, unigselt They have a clear beginning and end and are realised
within specified constraits. Moreover, the client or customer is committed to the r€®vijnen, et al.,

1997)

The project manager willan make decisiong,ontrol,and monitor the project. By phasing, a project

is broken down into parts over time. Each phase is concluded with a phase result ithevhésultof

the project is recorded more precisely and in greater détaihdary conditions are imposed on praggect

from thestart. The project manager controls the project based on five agg¢dise (2) money (3)

quality; (4) information and (5) organisatiofWijnen, et al., 1997)Project management requires a
hierarchical directiorftop-down control), control over all necessary resources in terms of management
cycles, consensus around problem definitane d consensus ar ounldeBruijme pr o
et al., 2002)

IDEA WHAT HOW HOW TO DO MAINTAIN
PHASE BUILD
imitiative A definition ) design A prepration A realisation A mamtenance
/ /N VAR / o\
/ / \ \
/ / \ \ —

—\ \ » Proje

DECIDE /’
,-"'.‘ . \ ) ) \ /[ - '-._‘ ’_." "._‘ ) — ——\—» project implementati
/TIM[ Q1[0 /TIM[Q[1]O\, r[M[Q[I]0\ /TIM[Q[I]0)\ I [M[Q[L]O > regional managen
PROJECT PROJECT PROJECT REALISATION MAINTENANCIE
ASSIGNMENT REQUIREMENTS DESIGN PROGRAM PROGRAM
TIME (T)
MONEY (M)
CONTROL e QUALITY (Q)

ASPECTS

INFORMATION (I)

ORGANISATION (0)

Figure 3 - Project management(the figure is created on the basis ofWijnen, et al., 1997)
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Project management is applicable in obj@eented PPP projects such as the construction of a building
or infrastructure workWhen erecting a buildinghere are successive phases: sketch design, preliminary
design, final desigrgpecificationsand the completed building. The most obvious contract form for an
objectoriented PPP is a contractual partnership. The mutual relafisresid responsibilities between
the various partners are clearly laid down in this type of confflis provides a basis on which the
BIM objectives can be realised, making it eemtly suitable for BIMbased project management.

2.3.2. Processmanagement

Process management is defined as the performance of a set of interrelated or mutually influencing
activities in which actors with divergent interests are brought together with the aim of achieving an
oftenabstractgoal. Thisis the case with PPP consttion projects. Various appoinent parties are
involved, each with their own, equal interest in the project. The government is only one of the actors. It
is a primus inter paresrhe content of the project is the result of interaction between the various
appointment partiesand this interaction between tiparties is bound by rules. Such a project is
successful if it reflects a wiwin situation between the various intere@fgreniging voor Vlaamse
Steden en Gemeenten, 2008)

The process will bedliberatelyfidesigned to arrive at a substantive decision. The rules of the game
will be determinedy thedecisionghatwill be made by the parties involvé@oppens, 2006)These

can be rules about the inclusior exclusion of parties in the process, rules about the roles of the various
parties €.g.,coordinator, chairman, experpr rules about decisiemaking (consensus, vote, veto)
(Coppens, 2006)

It is important that thearious partners continue to trust each other throughout the process. Mutual trust
grows as the risk taken by both partners is more balanced. Since in a participatdrgtR @i public

and the private partners share the profits and losses, and thteldeatsks, this contract form will offer

a possible solution for BIMbased project managemeittis also possible to develap construction
project viaa contractual PPP. However, since this form of contract emphasises the separation of
responsibilities ath formalisation of interactions between appointment parties, contractual PPP does not
benefitthe necessary understanding and trust between the appointment parties themselves.

If consensus has been reached on parts of a PPP construction project and theyxaaied out, a

switch should be made for that part from process thinking to principles of project management in which
the classic management instruments such as fixing content or controlling time and money can be used.
The distinction between projeahd process managememable5) is therefore somewhat artificial in

this senseFigure4 illustrates the decrease in process content and the increase in project content over
time at the construction level, where a process emerges from a corporate visierdiaited into

projects over time, after which the process changes asleafdsgsons learneth practice, the dividing

lines between what is a process and what is a project cannot always be drawn xlgry clea
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Table 5 - Summary: difference between project and process management
(source:(Coppens, 2006)

Project management Process management
Problem definition Defined Unstructured
Requirements Defined Undefined
Decisionmaking Staged Cyclic, inflowing
Authority typology Hierarchical Networklike

PROCESS/PROJECT EVOLUTION
AT PROJECT LEVEL

Cr—

PROJECT

TIME

PROJECT 1 PROJECT 3
y 7

ROCESS _g

PROJECT 2 PROJECT 4

PROCESS/PROJECT EVOLUTION
AT COMPANY LEVEL

Figure 4 - Process/projectmanagementevolution over time

2.4. Key Performance Indicatar

The following section illustrates how information is extracted, processed, and communicated for
effective construction monitoring utilising a BIM approach, but only for time and cost monitoring, in
order to comprehend the roles and responsibilities ofiafypent parties in the actual monitoring,
control, and supervision during construction. The most important questions will be about who is
responsible for monitoring construction, what information is collected for this purpose, and how this
information is kared.

First, thetermsfimonitoringd and ficontrollingd are defined for clarityControl is synonymous with
supervision, whereas monitoring refers to gathering data to superviserdral a projectin the project
management literature, the woréisontrob and fimonitoringd appear as words with significantly
different meanings because of the respective roles assigned to them in the (d)ajeatrol is part of
project managemenits aim is to accomplish objectives, and it hasahiity to makedecisims and
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takeaction in the case of deviatigr(2) monitoringis part of the verification of the implementation of
project controls and is only a matter of monitoring, compagand identifying

2.4.1. Schedule analytics for construction projects

Thecontrol of the project schedule consistdlote partsgeeFigure5b): (1) the input dataequiredfor
construction monitoring(2) monitoring and control using vaus techniques and methodologiaad

(3) the output data or outcomes of construction monitdifngject Management Institute, 201Byen

a wdl-estimated schedule is meaningless if it is not used throughout the execueraptaeguhly
monitored andipdatedbased on the monitoring tiie construction process of the projecNat aga &
Zoran, 2017) An upto-dateschedule is also a vital component of the decisiaking processor

changs to the project, because it provides both information on the currentaitétesproject and the

effect of the influence of various factors on the schedule and its ch&tdbs.same time, it serves as
evidence that the project is on track and thawilt be updated in the case of chang&soject
Management Institute, 2013)

TOOLS &
TECHNIQUES

Review of the work

OUTPUT DATA

INPUT DATA

Productivity data

Project management Forecast of the
- - carried out hedul
schedule
Project management
Soft ¢ Implementation of
oftware tools )
o changes
Resource optimisation N .
Update of project

Modelling techniques

Data on the project documentation

Overruns and delays

schedule Update of project

Schedule cor

management plans

Scheduling tools

Figure 5 - Elements of schedule controfProject Management Institute, 2013)

As can be seen froffigure5, most of the inputs for monitoring the schedule are already in place at the
design stage. Various methods and techniques are used to ntioaitorecution of the work and the
progress of the project against the schedule and other planning documents produced during the design
phase. For example, productivity is comparmedasuredand analysed by reviewing the work carried

out through trend angdis progress against a critical path is monitored using the earned vatmdme

or computer programmes are used to compare scheduled completion dates with actual dates to monitor
project progreséProject Management Institute, 2013)

2.4.2. Cost analytics for construction projects

As the progress of a construction project is monitored, the project costs are also updated to ensure that
changes are managed in a meaningful way in relati
Like the schedule control, the cost contr@hde divided into three parts, as showRigure®6.

For cost control and monitoringugposes, it is also mandatory to monitor the actual status of the works
beingcarried out on site, as cost control is the link between the funds spent and thbeimgkarried

out. Several methods of monitoring construction costs are possible, and one of them is the Earned Value
Management (EVM) methodt is of interestn particular for its transparency of both schedule and cost
monitoring by detecting deviations from the schedule, the estimated costs, and thdingeca
resources.
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TOOLS &
TECHNIQUES OUTPUT DATA
INPUT DATA

Eamed Value Method Productivity data

Forecasting

Project management Forecast of the cost

plan Cost index of the Implementation of

Project financing remaining work on the

project

requirements of project

documentation
Update of project

R rees of the w of work

organisational process performed

Project management management plans

software tools

Res

analysis

CIve

Figure 6 - Elements of cost contro(Project Management Institute, 2013)

Prior to theapplication of BIM,experts mad@educated guessieabout the duration of activities and

the sequence of work on the project based on prior project experience andyimdta. Althoughthis
approach is considered tfigtandard for schedulingthis method is not very efficient. As a result, poor
estimation or numerous unanticipated occurrences might result in project délags.delays can be
addressed by increasiige humber of workers and activities that are carried out simultaneously on
differentsites or even on the same sifihis creates a considerable risk to the execution of the tasks and
subsequentlympacts the quality of the executidn.this case, it is better to regularly monitor the key
performance indicators or the productivity of the execution and to take dedisised on an iterative
analysis of the impact of the change in the process on the execution time anthissi@n be achieved
using BIM by linking the BIMmodel to the schedule and the cost estimaliothis way, various model
simulations and demonations of the sequence of execution can be carried out before these activities
are carried out on sitdhus, the problem is tackled graphically and analytically, resulting in a greater
grasp of the current situatioAs a result of having a greater amoaftnore structured data already at

the planning stage, there is also a better estimate of the planned project execution (realistic schedule)
and the foreseen flow of wark

This sectioroutlines how the project is monitoraddcontrolled through three key steps. The necessary
input data or document® make the control possible are also shown. bmimoring with a BIM
approach, this data has to be structured and integrated in a suitable way, in terms of linking the schedule
to the geometry of the model (4D BIM) and integrating the cost withegbendry and the schedule (5D

BIM) (Elbeltagi, et al., 2014)The maitoring and control of costs in the construction process of a
building is thus carried out with a 5D BIM model, a software tool that allowsntkeeaction of the
monitoring (data capture and processing) with the design and the cost (integrated cost estimation and
model) (Elbeltagi, et al., 2014)Interaction is possible with sufficient interoperability between
modelling, cost estimatiorscheduling,and monitoring software tools, or with a tool that allows
integration into the 5D model with construction monitoring enalfféguure 7 shows the difference
between the assumed construction monitoring framework with tools that allow interoperability (in terms
of data import and export) and tools that allow full rofeerability or arentegrated visualisation tools

for construction monitoring.

Erasmus Mundus Joint Master DegRgegrammé ERASMUS+
European Mastén Building Information Modelling BIM A+ 17




Businessalue ofconstructiorproject managemeigveragingBIM and interoperability
a new perspective on enatdand challenges for the Belgian market

- N

visualisation

Cost estimations \ ESTIMATE

estimate / scheduling
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estimate / scheduling

N

scheduling of activ

st
\ estimations, model simulation

MONITORING / CONTROL

detailed variance analyses

|
‘ MONITORING / CONTROL

\ detailed variance analyses

Figure 7 - Interoperable (left) (Elbeltagi, et al., 2014)and integrated tools for monitoring (right)

2.5. AS-IS tender process model

The procurement process in Belgium can be divided into two main categories; (1) traditional public
procurement includes various degrees of sophistication, ranging from the public authority that designs,
conceives, and coordinates everything ases contractors for the execution, to the public authority that
realises a contract with a promotor who bears full responsibility. The choice of the method of granting
the public contract determines the pulgiiivate procurement: (a) when the authodsfines all the
characteristics of the project in advance and is only interested in obtaining the cheapest offer, it is the
public contract formula. (b) when the authority seeks to choose from among several projects to be
proposed and also takes into aauoeriteria other than price, such as location, architectural qualities,
added value, etc. the invitation to tender can be used. (c) when the authority is not sure which project it
wants to build and at what price, starting from a vague objective, thdiategoprocedure with
publication can be use@?) In a Design, Build, Finance and MaimgDBFM) procurement is the
private partner responsible for the design, construction, financing, and maintenance of a specific
infrastructure/building Decatteeuw, 2006)These projects have a number of specific characteristics.
They require an integrated project approach, the modelling of output specificatidresperformanee

based payment mechanism. Procurement is based on functionatmeents instead of detailed ones.

A functional requirement is formulated from the perspective of the client or user. For a DBFM project,
for examplea hospital, one could stateaiinctional requirement that the width of the corridors must

be such that Ddeds can pass each other. A detailed requirement, on the other hand, specifies the
minimum width of the corridors, for exampl2 metres(Wintgens, 2008)An alternative payment
mechanism applies to a DBFM project. Theripise-financingd by the consortium during construction.
Payment in instalments only takes place afideliveryd of the building or infrastructure. The
availability payment can be reducedtigtconsortium does not properly fulfil its obligatidi®ster &

Hoge, 2005)
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2.6. Business process rengineering

The literature provides a variety of defions of BPR that are quitomparabldo oneanother(Table

6). Sanjay Mohapatra (2013) defines six crucial elements for BRP in his book "Business Process
Reengineering: Automation Decision Points in Processngineering™: (1) A radical change; (2)
Change in orientation; (3) Redesign business processes; (4) Change in organisational structure; (5)
Technological improvements; (6) The objective in the improvement of customer service and reduction
of costs(Mohapatra, 2013)

Table 6 - Definitions of Business Praess Reengineering

Standard Definition BPR

fiRe-engineering is the fundamental rethinking and radicdesgn
(Hammer & Champy, of business processesdaochieve dramatic improvements in critici
1993) contemporary mesures of prformance such as cost, quality
service and speed@.
fiBusiness process #engineering is the fundamental rethinking
every processand activity pertaining to a business business
practices managementsystems, job definitions, organisatior
structures and beliefs and behavioursThe goh is dramatic
performanceimprovements to meet contemporary requiremén
andIT is seen as a key enabler in this proaiss

(Du Plessis 1994

Continuous Process Improvement (CPI) refers to an initiative that aims to enhance the quality of
products, services, or processes over time. When compared to BPR, the improvements are founded on
very minor adjustments as opposed to the extreme adjustments that may result from R&D. As a result,
the required investment of capital is apparently going to be rather low. The advancement is partly
attributable to the fact that workers are often looking for m&ays to enhance their performance.
Therefore, the procedures are regularly analysed, enhanced, and optimised considering their efficiency,
effectiveness, and flexibility.

Figure8 depicts the effects of CPIl and BPR on KPI over the period of time, as well as a comparison of
the impact of changes in Biness processes and the frequency of those chdndles form of a table,
as shown inrable7, a summary of the comparison between BPR and CPI can be found.

Table 7 - Comparison between BPR and CPI

CPI BPR
Change level Incremental Radical
Starting point Existing process Clean slate
Frequency Onetime / continuous Onetime
Participation Bottomup Top-down
Scope Narrow, within functions Broad, cossfunctioral
Risk Moderate High
Primary enabler Statistical control Information technology
Type of change Cultural Culturalstructural
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The process afeengineering a businesmpesshas beeroken down into several steps, regardless of
themethodologythat is sed. Mdgpatra (2013) outlines laroad method that can be broken down into
the following geps (1) Project planning and launck2) Current state assessment and learning from
others (3) Solution design (4) Business case developmens) Solution development (6)
Implementation (7) Continuous improvemen{Mohapatra, 2013) The technique fédbws the
methodology outlined b e r o ¥2022)land is laid out in the form of an EFO process diagram

PROCESS KPI

HIGH

/

chaos

=
/ b
£
Z
. stagnation
| =
| o
—
CPI  BPR  CPI BPR TIME LOW FREQUENCY HIGH

Figure 87 Effect of CPl and BPR on KPI over time (left, basedn( Cer ov g ¢dnd

(Cerovgek, 2022)

(Figure9).
CONTROL
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TO-BE business
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Business need or oppertunt Business process change strate#y/
— —Information and material process#4 . AS-1S process modet———»

. Reenglneer a

) ——Best practices and R&D res - Process value management—»
% Generic processe Business Proces: TO-BE process mode—»

New required resource

! ! tJ

Process Process
Process Lessons

change owner/
chang modeller Learned
initiator manager

MECHANISM

Figure 97 IDEFO diagram of business process reengineering methodologyCe r ov g e k ,
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