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Summary

With on the one hand the introduction of the Quality Assurance Act and on thelathdthe
increased interesaroundenabling corporate knowledgmpturingto enhance the efficiency

and effectiveness of construction projetiiss research has beenitiated As literature shows

ONBI yYATFdA2ya Ydzad ONBFGS Iy SYy@aANRYYSyld 6KSNH
organizational knowledgéor enabling decisiommakers tomake more informed decisions
Improving the project performancefsr manyconstruction firmsrucialtowardssurvival in a
fastchangingeconomic and financial driven environment. Firms that continuously learn to
capture, orgarde, combine, and share their traditional resources and capabilities in new and
distinctive ways, proge more value for their stakeholders, than their competitwaia do
Interviewswith expertsfrom practice revealed that within the construction industyrrent
knowledge management systems are storing knowlgoaged onnaccuratehuman written

notes,or arenot storingthis informationat all. This lack in qualitative knowledge management
systemssuppresseghe ambitionof learning from historical expences and indicates that in

current practicesf 2 2 LAY 3 LINRP OSaa 2 %beintppplied Sy GAy3 (KS

One approachfor creaing organizational knowledge is to make use of historical.dé&ta
extensive historical data related to the project cam dollected effectively, its being
acknowledgd as amajor resource forpredicions around the execution of construction
projects However capturing historical project datathin the constructionndustry is being
considered as a tedious and labour mgive tasksA promisingaid for capturing the key
business data in the construction industry comes in the form of reality capturing. This
technology makes it possible to monitor and obtain data rokgg the technical,
organizational, managerial artie environmental domain Thesecapturing technologies
provide support to examine thexecution procesis a more detailed mattetroughcombining

the storage of aplanned data as well as-bsgilt data which thereafter directly generate
historical project di. Thiscapturedhistorical project evaluation data provides possibilities for
predictive modelling techniques, an upcoming subject in the latest dedhese techniques
are consideredo create eylicit knowledge from tacit knowledgkn addition, theymakeit
easier to distribute knowledge and brush aside potentially biased human percepdmats
bad experiencs. Ruling outthese biased experiencesupportcan be provided fodecision
making in he early design stages.

Within the current datadriven world, predictive analysis methodarise to analyseéhe
generatedkey businesslata Commonly discussed terms include, big d&B) business
intelligence(Bl) data and process mininPM&PM)and machine learnin@L) Despite tle
improved data storagemethodologieswithin the industry the potential of knowledge
discovery within data is currently not exploited towards its fullest potengaédRchhas been
conducted regarding th potential and proverto be promisingif it is exploited correctly
Unfortunately, the biggest issue holding back the realisation of these advantages arises around
the lackin (a) availability and completeness in existing data, (b) reflection with thiy eaadi

the continuous learning from dynamicgformation (c) availabity of functionalities within
existing tools to store the datéd) amount oimonitoredprojects, (e) the poor culture of data
storage and (f) the proper usage of data analytical systebhese challenges are mainly caused
by the knowledge gap between lling professionals from the construction environment and
data analytic experts.
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Tominimize the gappetween the construction environment and the data analytic side of the
industry, ths research focused on created gmdingframework. Within this frameark the
aimisto improve decision making in the eadlysignphases of construction projects based on
the outcomesfrom the analysationof structured historical dat originating from th
organisation This historical data includes project process daten froany different projects
combined within one databas€o realisesuch database¢he BIMBased Predictive Knowledge
Management SysteifiB-BPKMS]s introduced.

ThisB-BPKMSncorporatesan step-by-step frameworkthat operates as a guider walking
through the entire process of, Planning, Storing, Capturing, Analysing, Act & Reusing the
historical project evaluation dafar quality improving purposeBy following the principles of

the PCSARcycle, the development of the-BPKMS is focused on continulgusnproving
business processes and contribute towards data diilemmsion making based on historical
project evaluation data for any given constrantproces. Withinthe development of thé-
BPKMS, an general approaslapplied. Therefore, differentgssible technologies to realise
historical project evaluation data are considered and choices have been made regarding the
best fitting methodologieddowever,in practicethese methodologies are depending on the
stated goals of the organisation. Meanihattdifferent kind of goals, might require different
sorts ofmethodologies.

Within the case studihe focussed is laid dhe realisation of histacal project evaluation data
through applying th&-BPKM$rom start-to-finish Within this case studihe combination of
WEkoddzE - IR EY Y SRQ | YR W SieiedBavdfihgthe thibe Ndllect8diisfoNcal Q
project evaluation data. Severalftsvare toolsare consulted to transform the dataithin this
project into a an combined database. Becausef the objectoriented characteristics of
construction data, the choidemade to setup an objecioriented relational database. Within
the databas@ ¥ G KS Ol & &I & (/dZFFBRYY  drésSbtrafiedioi thelRCiles,
function as the basi8 ¥ G KS KAAUG2NRAROIf LINBE8KSOGQSRIGHE (%
generated through photogrammetry (crane camera), functions as the actualateal
outcomes. And adast, the WS E (1 SNY | f , whilchNare ¥ubiiaStétlBfi@m external
databases, fuction as the representations of the execution circumstances.

As mentioned, lathisdatais gathered within the standardizednstruction data format IFC
However, since direct analysation on IFC is not possitidedataneeds transformations
towards an objectbased relational databas&Vithin this case study, two goals can be
distinguished. First, the goslsetto evaluatethe process of placing precast concrete floor
slabs and find interesting unexpected patterns within the dagarding the spefic case study.
Second, the goa@to structure this data in such a matter that analysation on the organisational
scale becomepossible if newly analysed projects are included.
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Within the construction industry, schedules are based on ratios thatséablished due to
personal experienceThe introduction of the BPKMS shawthat to include slackthe
execution time around &ks are being established quite genenousurrent practiceBased on
this generous execution times, predictive modelling i passible. Therefore, this thesis
presents ara more optimal distribution withithe execution timeby initiating aralternatie
method for representing the scheduling tiniEhroughapplying multiple linear regression
methods, the assumed scheduling timeder normal conditions for each individual floor,
under normal execution circumstances has bestablishedThis assumed schelihg time is
based on normalized prediction variabl€ls scheduling time has been used as a reference
on which a predictivenachine learninglgorithmcan operateWithin the case studyue to

its explain abilitythe decision tree algorithm has beehosen to be most practical, for the
given hypothesis.

Applyingthe BBPKMSwithin organisatioal processesproves to bebeneicial for sharing
knowledge on the organisational scale. An organisational aid (fheain includehistorical
project evaluabtn datg (ii) provide options to find interesting patterns through machine
learning algorithmsand, (iii)improve the overall gglity of construction projectds being
acknowledged as a futur®ol for improving the quality othe construction industryby
practice Therefore, the introduction of the BPKMSan be considered as the first steps
towards convertingnormally tacit historical project data, towardexplicit organisational
knowledge. fie application of BPKMS shasthat it is possible, to combimaethodologies of

the construction and data science domain, to establish a knowledge management systems,
that can support deision making in the early design phases, based on historical project
evaluation data.
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Samenvatting

Met enerzijds de invoering van de wet kwaliteitswaarborging en anderzijds de toegenome
interesse rondom het vastleggen van bedrijfskennis om de efficiéntie en effectiviteit van
bouwpropct te vergroten, is dit onderzoek gestart. Zoals de literatuur aantoont, dienen
organisaties een omgeving te creéren waarin de kennis van de werknemewsoiciam
omgezet in organisatorische kennigodat besluitvormers betere en geinformeerde
beslissingen kunnen nemen. Het verbeteren van deze projectprestaties is voor veel
bouwbedrijven cruciaal om te overleven in een snel veranderende economische erélienanc
omgeving. Organisaties die contintelerom hun traditionele middelen en mogelijkheden op
nieuwe en onderscheidende manieren vast te leggen, te organiseren, te combineren en te
delen, bieden meer waarde voor hun stakeholders dan hun concurrentenrkdaar Door
interviews met experts uit depraktijk te houden isinzichtelijkgewordendat, de huidige
kennisbeheersystemen in de bouwsector hun kennis opslaan gebaseerd op onnauwkeurige
schriftelijke aantekeningen, of dezeennis informatie helemaal nietopslaan.Het daar
bijhorendegebrek aan kwdatieve kennisbeheerssystemen onderdrukt de ambitie om te leren
van historische ervaringen etuid aandat in de huidige praktijk eeterugkomendproces
gaande is waarin het wiel steeds opniedient te wordenuitgevonden Dit alles komt voort

uit een gdrek aarmogelijkheden om téeren van voorgaande ervaringen door middel van het
beschikbaar stellen vatie kennis oprganisatie niveau.

Een manier om organisatiekennis te creéren is door gebruik te makémst@ische dataAls
historischeevaluate data met betrekking tot het project effectiefin volledigheidan worden
verzameld,is de verwachting dadit binnen de sector erkendal worden als één van de
belangrijkste bronnen om voorspellende wijs infatie te verkrijgen over het
uitvoeringstaject. Echter, let vastleggen van historische projectdataordt binnen de
bouwsector momenteel beschouwd als eernefficiénte en arbeidsintensieve taak. Een
veelbelovende methodiek voor hefficiéntervastleggervan deze belangrijkeproject kennis
komtinRS @2N¥Y @lFy WNBFfAGEOFLIWdNAYy3IUd 58T S 0
te verkrijgen met betrekking tot het techniseheorganisatorische management en
omgevingsdomein. Bovendien bieden dezetechmologieén ondersteuning om het
uitvoeringspoces gedetailleerder tanalyserenBinnen ditonderzoekbestaat de historische
project evaluatie data uit zowel dkata die voor uitvoeringgeplandis 6 WLJ&T Yy SRQU = |
RFETFTRESNJ St A2 S -l (02 tepLhipfdaaidR vai Hezedvdidckillende data
stromen wordt er gelijktijdig historische projectdata gegenereerdVoorspellende
modelleringstechnieken, een opkomend onderwerp in het t@attecennium, worden
beschouwd algen vande technieken bertigd om expliciete kennis te verkrijgen uit kennis
die normaal weggestopt zit in de hoofden van werknemers Deze techniekenzijn
ondersteunendm kennis te verspreiddrinnen een organisatien nogelijk bevooroordeelde
menselijke percepties op basis vamgaieve ervaringen opzij te schuiv&chter dienen deze
kennisvormen op hun beurt dan gecodificeerd te worden. Dit alles kan helpen met het
uitsluiten van bevooroordeelde ervaringen met namenuttig zijn om besluitvorming in de
vroege ontwerpfasen te aersteunen.

(0p))
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Binnen de huidige datgestuurde wereld ontstaan er steeds meer nieuwe methoden om de
gegenereerde bedrijffsdata te analyser¥teelgebruikte termen rondom deze methodes zijn

W, A3 RIGIQ 0.503 Y. dzénpyolessayi LW H St d 3 @By HDE QS .
[ S| NJ A)yOadanks de verbeterde methodes voor gegevensopslag binnen de industrie
wordt het potentieel van kennisontdekking binnen deze data momentsghiet optimaal

benut. Vanuit de praktijkis er onderzoek gedaan naahet WLJ2 G Sy 1 A SS¢ gy
analysemethod¢ Ay O2YOoAYylFGAS YSO RIFEGE FF1{2YadAaa dz
veelvuldigis aangetoondindienhet correctwordt geéxploiteerdHet grootste probleem dat
detoepassingan dezgotentietegenhoudtkomt voat uit het gebrek aaj(a) beschikbaaeid

en volledigheid in bestaande data, (b) reflectie op de realiteit en het voortdurend leren van
dynamische informatie, (c) beschikbaarheid van functionaliteiten binnen bestaande
hulpmiddelen om de gegevens op teasia(d) aantalleproject data (e) deslechte cultuur van
gegevensopslag, en (f) het juiste gebruik van gegevensanalysesystezmengdbreken

worden voornamelijk veroorzaakt door de kenniskloof tussen bouwprofessionals uit de
bouwomgeving en datanalyseexpertsuit het datadomein

Om de kloof tussen de bouwomgeving en de -@atalytische kant in dbouwindustrie te
minimaliserenricht dit onderzoek zich op het creéren van een leidend kamterdata analyse

op historische project evaluatie datdBinnen dit kacer is het doel ontstaanom de
besluitvormingen in de vroege ontwerpfase van bouwprojecten te verbeteren op basis van
bevindingen binnen de correct opgeslagen en gestructureerde histogpsofext evaluatie

data, afkomstigvaruit de eerder uitgevagle propcten van deorganisatie.De historische
gegevendlienen projectprocesgegevens van verschillende projecten gecombineerd binnen
een databasete bevatten Om ceze centrale databaste realiserenen de bijbehorende
analyses uit te voerén ¢ 2 NRIM-BakesRreditéive Knowledge Management System (B
BPKMS)eintroduceerd.

Dit systeem bestaat ustenstapsgewijs kader dat dient &sdraadvoor het doorlopen van het
gehele proces omtrent het plannen, opslaan, vastleggen, analyseren, handelen en
hergebruiken van de historische projectevaluatiegegevarmor kwaliteit verbeterende
doeleinden.Door het toepassen van d@CSARyclus is binnen de ontwikkeling van de B
BPKMS continu rekening gehouden met het verbeteren van bedrijfsprocessen en hetrbijdrag
aan ggevens gestuurde besluitvormiog basis van historische projectevaluatiegegevens voor
elk bouwprocesBinnen de ontwikkeling van heBPKMS is een algemene aanpak gehanteerd
zodat het voor meerdere vraagstukken toegepast kan wordangezien & BBPKNs voor
verschillende hypothesis toepasbaar dient te zijn, worden er verschillende technologieén
overwogen om historische projectevaluatiegegevens te realiseren. Op basis van deze
overwegingen zijn er keuzes gemaakt voor de best passende techaéoldgee paktijk wijst

uit dat de keuze betreffende dgekozenmethodologieén deels afhankelijk is van zowel de
benodigde data als de doelen vanBRIBPKM$oepassende organisatie.
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Binnende casuss de focus gelegd op de realisatie van historischggtevaluatiedata door
middel van het toepassen vamet B-BPKMSBinnen deze casus vertegenwoordigt de
O02Yo0 Ayl (-RSI Py § PSR QS Bl S NI detelh@rzhtelmisiofsultie Q
projectevaluatiedataOm de gegevens binnen dit projectnote zetten in een relationele
database kunnen ‘erschillende softwaretoolsworden geraadpleegd Vanwege de
objectgeoriénteerde kenmerken van constructiegege#@€)is er voor gekozen om een
objedgeoriénteerde relationele database op te zettdn de casus kamverschil gemaakt
worden tussenR S -4l 14y détd, Ri@wordt gegenereerd uit de IFClemgeert als déasis
van de historische projectevaluatiedata. Ms6 dzA daté, Qdie wordt gegened door
fotogrammetrie (kraancameras) en fungeert als de daadwerkelijk evalithbensten van het
uitvoeringstrajectAls laatste, de? SE (1 SNy S  dit Wdrd¥rSgedeneBrd) Git externe
bronnen en fungeren als de daeerkelijke representatie van dewneringsomstandigheden.

Aangeziereenrechtstreekse analyse dyasis van IFGestandormaten niet mogelijk is, dient

de data omgezet te worden naaenobjectgefocuste relationelstructuur. Het omzetten van

de IFGbedandsformaten wordt uitgebreid be@mdeld binnen de casestudy. Echter zijn de
gebruikte softwaretools niet bindend, deze zijn op basis van de kennis van de onderzoeker
gekozen. Verder zijn er binnen dasestudy twee doelen te onderscheid€en eerstds het

doel gesteld om het proces van het plaatsen van geprefabriceerde betonnen vloerplaten te
evalueren en interessante onverwachte patronen in de gegevens met betrekking tot de
specifieke casestudy te vinden. Ten tweedeet doel om deze data zodanigdeuctureren

dat analyse op organisatorische schaal mogelijk wordt als nieuw geanalyseerde projecten
worden meegenomen.

In de bouwsector zijprojectplanningn gebaseerd op ratio's die zijn vastgesteld op basis van
de ervaringen vawerknemers op eebepadt Y2 YSY G @ b2 NN I f AGSN) 62NRS
eenmalig bepaald zijn meerdere jaren toegepast. Dit terwijl de industrie continu aan het
veranderen is. Dit komt bijvoorbeeld voor bij de projectplanningennieuwe projecterDe
introductie van de BPKMStoont aan datom voldoende speling op te nemen, de
uitvoeringstijd rond taken vrij genereus wordt vastgest€)@ basis van deze genereuze
uitvoeringstijden is voorspellend@alyseniet mogelijk. Daarom presenteert ditderzoeleen

meer optimale distribtie binnen de uitvoeringstijd door het initiéren van een alternatieve
methode voor het weergeven van de planningstjan een optimale verdeling binnen de
uitvoeringstijd na te streven, & binnen de casusen alternatieve methode gerealiseeyth

de plamingstijd te benaderen Door het toepassen van meeudige lineaire
regressiemethoden is de veronderstelde planningstijd onder normale omstandigheden voor
elke afzonderlijke verdieping, onder normale uitvoeringsomstandigheden vastgesteld. Deze
planningstiyl wordt gebruikt als een referentie waarover een voorspelléfidalgoritme
toegepast kan worden. Binnen de casus is het beslissingsboomalgoritmsio(Déee
algorithm)gekozerals het meest praktisch voor de gegeven hypothBgeheeft voornamelijk

te maken met het feit dat Mialgoritmesbinnen de bouwindustrié¢ f & Wi 6 NIIS R2 2 2
wordt beschouwdDat wil zeggen dat deze algoritmes binmenbouwsector geetastbaar

gevoel opwekkenwaardoor ML-algoritmes als onbetrouwbaar beschouwd wordéfet
beslssingsboomalgoritme heeft echter een hoog uitleggend vermogen, waardoor dit algoritme
naar verwachting het minste weerstand vanuit de industrie zal opleveren.

XVII
P.P.A(Paul)van Lith TU/e- TNO- Stam en de Koning



EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

Door het uitvoeren van el casusis bewezen dat het toepassen van d8BKMS binnen
organisaieprocessen gunstig geblekenvoor het delen van kennis op de organisatorische
schaal. Een organisatorisch hulpmiddel dé}: historische projectevaluatiedata kan
waarborgen,(ii) opties biedt om interessante patronen te vinden door middel MdA
algoritmen, (iii) de algehele kwaliteit van bouwprojecten kan verbeteren, wbmdbhen de
sectorerkendals een toekomstig hulpmiddel om de kwaliteit van de bouwsector te verbeteren
De intoductie van de BPKMS kan worden beschouwd als een van de eerste stapquremet
converteren vamexpliciete project data, naahistorische project evaluatie dataaarexpliciete
organisatorische kennis. De toepassing van H&PBM3aat zien dahet mogelijk is om door
methodieken van het bouwen datawetenschappelijke dormne te combineren, een
kennisbeheersystemen te realiseren e de besluitvorming in de ontwerpfasen kan
ondersteunendoor het beschikbaar stellen varstorische projectevaluatggevens.

XVIII
P.P.A(Paul)van Lith TU/e- TNO- Stam en de Koning



EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

Abstract

Purpose; With the introduction of the Quality Assu@Act (QAA) and the increased interest
around enabling corporate knowledge capturing to enhance the efficiency and effectiveness of
construction projects, the application of dataven-decision making (DDDM) on construction
project data has been initiadle To include DDDM in the early design phases of newly to develop
construction projects, historical project evaluation data (HPED) has been considered. The steps
from raw construcbn data towards HPED are complex and considered labor intensive.
Therefore,this research provides an framework which represents the-gidiish process
around the: planning capturing, storing, analyzing Act & reusing of construction knowledge
data. This framework which is called the: B3lled Predictive Knowledge Mgement
System (BBPKMS), has the goal to provide insight around the influence of variables on the
execution phase of processes. By mapping the influence of these variables, gbpossible

to optimize the execution phase based on earlier obtained expes of the construction
organization.

Methodologyg To enhance the application of theBPKMS, a diverse amount of options have
been elaborated to provide an general approachaias creating HPED. These options can be
customized for each individualganization. Software tools such as: Revit, Solibri, Synchro 4D,
Asta Powerproject, SimpleBIM have been used to manipulate tuat&@odels and prepare
them for analyzation. Withithis analyzation special attention has been given towards the
multiple Inear regression techniques and the supervised machine learning algorithm: Decision
tree algorithm. The DTA is applied to classify HPED for process improving purposes.

Resultsg The application of the BPKMS has been applied within towards an-sas#yto
create the first customized HPED which can fill the olojeented relational database for that
organization. The final dataset is analyzed and shows the possibilities @igapplyervised
machine learning algorithms on HPED. Due to analyzing tbenoes of solely the dataset of
the casestudy, it is possible to determine the influence of different variables on the execution
process of placing piiab concrete floor slabs ¢e.influence of wind, rain, height). Additionally,
newly to develop projestcan consult these figures in their development stage and create an
as optimal as possible scheduling based on previously executed projects.

Scientific relevance the novelty of the research is to illustrate the possibility to capture tacit
knowledge odify this to explicit knowledge and implement this back in the organization to
learn from previously executed projects while ruling out humase perceptions. This all to
minimize the gap between methodologies of the data science domain and the ctinstru
industry.
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1. Introduction

Within this chapterthe research contexand the purpose of the reseh will be elaborated.
The research contegain be found in section 1the clarification for the scope of the research
can be found id.2, whileSection 1.®utlines the purpose of the research.

1.1Research context

In the building environment, defects occur inevitably and repeatedly. It iefdhe primary
causes of project schedule and cost overriiterk, Lee, Kwon, & Wang, 2018)proving the
project performance is, for many construction firms, cruf@alsurvival in aastchanging
economic and financidriven environment. Firms that continuously learn to capture, organize,
combine, and share their traditional resources aagabilities in new and distinctive ways,
provide more value for their customers and, in general, stakeholders, than their competitors
possiblycan(Teece, Pisano, & Shuen, 19%0ganizations must create an environment where
eYLX 28S5S4aQ (1y2¢6ftSR3IS OFLy 06S O2y@SNISR Aydz
decisioamakers tomake more informedand accuratedecsions. With the advent of the
knowledge economy, knowledge itself has become not only a strategic asset but alsothe ma
source of organisational performan¢Adenfelt & Lagersim, 2006) Therefore, enabling
corporate knowlede to be captured and shared and finding ways to use this knowledge to
enhance the efficiency and effectiveness of tmesion businesses is a key challe(@baide

& Alshawi, 2005)

Research fron2004 concludedthat one apppach to creahgorganizational knowledge is to
make use of historical dathee & Lee, 2004If extensive historical dateleted to the project
can be collected effectively, it can be a major resourcpréatictingthe costandthe scope for
new projects. However, the reliability angsageof data at that moment in time were quite
low becauseit had beenutilized towards,administrative reports. Additionallghe same
researchstatedthat constructionwork, experience orhe field and knowhow are prioritized
over the ability to operate computerized systenin the last decadethe potential of
computerized systems for the construction industas beerwidely acknowledge¢Crotty,
2012) (Fadeev, Chebotaryov, Tikhomirov, Janik, & Fornari, ZDi€ge systentsave evolvel

in rapid speed with revolutionary outcomeBherefore, theearlier statement that the
experience in the field and knelwow are prioritized to compuerized systems seems to be
outdated in current times. To be said, the importantght almostbe equal in the current
industry. Making it an interesting topic to be researched.

Besides the technological revolutions in the computerized systemgonstriction industry

itself has also experienced somensivechangesAs more and more projects involve team
members from distributed sites and organizations,-level information systems that only

support data storage and document exchange nodosgtisfythe industry's requiremesst
Therefore,the industry requies ways to support team members to manage and share their
knowledgein more various way@Vang C. , 2004kspecially the revolutionary introduction of

Buildng Informal A 2y a2 RSt fAy3 o6W. La@way frojdet méembemsNB I (i
managed and shared their knowled@®otty, 2012)These changes are directly improving

storage oknowledge andhistorical datamaking the indstry moreand more datedriven.
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Within the construction industrithe definition of knowledge is seen asvague concept
especially when translkedlinto dataspeakingerms. To understand its applicatigexplicit and
tacit knowledgecan be distinguished as thmeain sorts ofavailableknowledge(Nonaka &
Takeuchi, 1995)Explicit knowledge cagootentially be easily codified and transmitted in a
systematic and formal languag®laking ths kind of knowledgesuitable for storage in
databases, documents, policies and procedutesit knowledggeon the other handis more
related topersonal experiencgit is difficult to formalize, record, or articulate; and it is stored
in the heads of paple, making it difficult to become tangible askdareableEspecially within
the construction industrythe availabilityand distributionof tacit knowledgdexperiencepn

the organisational levelre considered extremely difficulthe industry has tried to normalise
this knowledge within books, hower, with the rapid changes in development these are easily
being outdated and might be biased on personal experiefitesefore, methods to convert
tact knowledge to explicit knowledg® generate organisational knowledge abeing
requested.

Predictve modelling techniques, an upcoming subject in the latest decade, are considered to
be techniqueghat mightcreate explicit knowledge from tacit knowtgd(Connolly , 2015%)
(MaymirDucharme & Andelli, 2014) making it easier to distributenowledge and brush aside
potentially biased human perception of experiené&specially through expendingrient
methods of capturing key business data in the construction industry and employts@fsor
analtics to evaluate historicalata in more powerful ways is seen as pioneering Wark.
promisingexpansiorfor capturing the key business data in the camsion industry comes in

the form of reality capturing. Thischnology makeit possible to monitoand obtain data
regarding technological, technical, organizational, managerial and environmental scale. These
technologies providsupportto examine theenvironment in a more detailed mattdran ever
before, combining the storage of qanned data as Weas asbuilt data.

Within the current datadriven world, new methodologies arise to analifse key business
data. Commonly discussed terimmglude, lig data(BD) business intelligen¢@l) data and
process miningDM&PM)and machine learnin@ML) In general BDis seen as large amounts

of data,potentially subtracted from people, computers, machines, sensors, and any other data
generating devices or agentbat camot be processed without the usage of computerized
systems Business intelligence cpnses the different strategies and the accomyag
technologies to analyse the key business data to identify bgsapg®rtunities. Whil®M, PM

and, MLcan be partly scaled under the strategies and technologiesltckthe power of
business intelligece. Theanalytics can enable or offer opportties to improve, consistent
and upto-date project information, warnings within specific situations, forecasting, factors
that affect profitability model experiencejetermine thecorrelation of variables @nmore

This all could lead to an environmentwhich decisions can be based on data, instead of
potentially biased human perceptions.

Next to the technological context, developmerih the politicaldomainhavestrengthened
the need for expanding thenethods of capturing key business data in thestaction
industry. In 2019,0n the 14" of May, the Dutch government agreed upon introducing the
Quality Assurance Acgh(Dutch:wet kwaliteitsborging voor het bouwsevkb). The purpose of
this act is to potect the clients and make the contractor thespensible party regarding the
quality of projects. This act leads to the shift in risk from the slienards the contractas:
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prove that any defect thaiccurs through the construction project lifecycle is not attributable
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tend to monitor and capture theproject informatiorthroughout the entire lifecycle becase

asbuilt document becomemandatory creating new streasof key business data available

for analytics Moreover, ths development directly improwethe reliability and use of data,

making the ability to operateomputerized systems more leading.

Despte the improved data storage methodologjieanalysation techniques andewly
developedtechnologiesaroundanalytics, the potential of knowledge discovery within data is
currently not exploitedowards itsfullest pdential. Researchhas been conducted reayding

the potential of datanalysatiormethodologies in combination with data originating from the
construction industry and proven potential advantages. Unfortunately, the biggest issue
holding back the realisatioof these advantages arises around ldekin (a) availability and
completeness in existing datlaee, Hsueh, & Tseng, 20{Balsera, Montequin, Fernandez, &
Gon&lezFanjul, 2012)b) reflectiorwith the reality and the continuous learning from dynamic
events(D'Oca & Hong, 2015)c) availability of functionalities within existing tools to store the
data(Correa, 2015)d) amount of pragcts availabléLee, Kim, Park, Son, & Kim, 20(d)the
poor culture of datatoragein generalAhiagaDagbui & Smith, 2013nd (f) the proper usage

of data analytical system#hese challengesre mainly caused by the knowledge gap between
building professionafsom the construction environmeranddataanalyticexperts

Therefore this research will presentdataBIM-based systerthat will functions athe bridge
between theadvanceddatatechniquesthe massive data storage potentaid data driven
decision making the construction industry. It wélaborate orthe possibilities dbringingthe
discussedspects closer together to achieve flod advantages adill disciplinesandimprove
the environment around datdriven decision makingrhe focusof this research will be on
investigating the possibilities towards standardization within the knowlederoay aspect,
regarding in this case, scheduling forecasting knowladd¢hepotentialto model experience
Pursuing the creation of a fundamental datarage systematic, builtp out of different data
sourceswhich could be used for furthéusinesgprocess improvemestthroughdata-driven
decision makingThis will be executetirough thecreation of optimisation within knowledge
capturingwhile trying to achieve the highest possible completeredsthe data and the
accompanming parametersinfluencng the scheduling aspect$:ocussing on more accurate
planning ratiosvhich are sultsintiated and interpretableThe main goal will be tmakedata
drivendecision possiblevithin the design phase of the construction industry through
predictionsbased on fstorical data
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1.2 Scopeclarification

In the ideal casehis research woulthclude a databasenriched withmanydifferent projects
These would béully converted intcstructured historical project evaluatiatata, where after
data analysis would executed on th@rganisation levelUnfortunately the data collection is
experiencedo be atedious and labour intensive task. Due to the limited time isfréssearch,
there is only spacéo deal with one specific case studyan Schaijk & van Berlo, 2016)
proposed a workflow includinge steps: Plag Cature ¢ Analyse; Reusefor analysing data
Translating the intention of this research towatkis scale, the focusf this researclitan be
appointed towardghe Analyse and Reuse side of the cycle. However, the Plan and Capture
aspect of this cyclsof such importanethat they willalso be includedyet in a less prominent
matter. As an extension towards tipeoposedcycle Storagéhas been includiébecause ihas
an indispensable place withitata storage. Therefore, this aspeeahnotbe seen aparfrom
each other.

Within the scope of this researdhe aim will be on creatingstart-to-end framework that is
specified towards collecting historigaibject evaluatiormata of construction projects$t needs

to be capable otonverting theknowledgeto create an infrastructuréased ondata-driven
decision makingto improve the accuracy olupcoming projects with previously obtained
knowledgeTo show the potential valyex case study will be conducted to test the application.
Within the case studythe aim will be orcollectingdata from different data sourceshich
allegedly havan influenceon the placement ot specific object within the execution phase
(i.e.precast concrete floor slapsThis data will bprocesgd towardsa central databasghat
represents the key business data from the case stonayntinuation, thislata will beprepared

to be usedfor improving, informing or forecasting purposesipcoming projectsMaking it
possible to learn from previously executed projects.

1.3 Researclpurpose

Given (a) the acknowledgement of the difficulties in practice and the looping process of
WNBAYOSYGAy3a GKS 6KSSEt QX 000 GKS f A Ybased GA2Y
data management and the corresponding proper use of thia, da) theimproved data
capturing technologiegd) the possibilities coming forward out of structured data storage and
data analysatiormethodologies(e) absence iexperienceor presence of biased experience
and (f) the pioneering potential of modaetig this experiencebased ordata sciencgit seems
validto study the value of combining thegerenaspects intane systenand apply it for data
drivendecision makingThissystemcan beused asa standardizedormat for construction
project evaluation making the creation oflatabase possible.Thereafter,this database
provides the opportunity to actually learn from the experiences that have been captured,
providingaccessiblerganisational knowledge. By doing so, normalized construetiims that

have been used for centuries can be revaluated dwetoirateexperiencesThese ratios can
even beextendedbasedon additional factors that in combinatiomight provide different
outcomes.

Therefore this research will explore the posstigé of optmizingfuture projects in the

construction with the help of BIM, knowledge management, knowledge captsiriagtured
data storageandpredictivemodellingbased orhistorical data.
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The goal istoturn data
iInto  information , and
information into insight

- Carl y Fiorina
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