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ABSTRACT

Procurement process has been areal challenge for the AEC Industry in thelast years. The
obstacles that have been showing up are significant for any facility project; cost overruns,
delays, lack of coordination among agents or traditional procedures that cause companies
to not take advantage of being competitive in the Construction Market. Risk allocation in
contracting is also a key procedure to face in this period. Despite the problem, Building
Information Modelling has responded as the looked-for innovation for the Industry;
collaboration, optimization of schedule, cost saving, conflict detection and risk
mitigation. Many Governments took part in its progressive implementation, like the
United Kingdom, with its level of maturity 2 by the capacity of BIM in public projects.
With the help of the European Commission, BIM can be promoted in public el ectronic
procurement since 2014. However, not all companies are convinced to change their
culture and work methods. Once they know about BIM, they think about economical
investment and training, or those work teams that already started implementing it, have
some bad opinions about some of their uses. That is why this present study has the
objective of promoting a new set of criteria about the potential procedures of BIM uses
in procurement environment. After analysing the European industry context and focusing
on both procurement and BIM approach, the methodology of this study developed a
survey for potential companies worldwide about the uses of BIM and their level of
satisfaction. The results were statistically analysed with central limit theorem, where the
mean, median and standard deviations were key points for the discussion of the results.
Then, the combination of the survey results, guiding documentation and current
standardisation elaborated the final set of criteria. As a conclusion, each criterion,
presented in explicative tickets, uphold themselves as recommendations that derive in
contribution statements, limitations in the study, and future lines for further
investigations.
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RESUMEN

El proceso de licitacion ha sido en los Ultimos afios un desafio para la Industria de la
Arquitectura, Ingenieria y Construccion. Los obstaculos que han ido surgiendo son
significantes paracualquier proyecto de construccién; sobrecostes, retraso de plazos, falta
de coordinacion entre agentes o procedimientos tradicionales que provoca que las
compariias no puedan aprovechar su competitividad en el Mercado delaconstruccion. La
distribucion de riesgos en los contratos es también un punto clave que afrontar. A pesar
del problema, Building Information Modelling, BIM, haresultado ser lainnovacion méas
deseada por la industria; metodologia colaborativa, optimizacion del tiempo, ahorro
econdémico, deteccion de conflictos y mitigacion de riesgos. Muchos gobiernos han
tomado parte en su implementacion progresiva, como Reino Unido, con su nivel de
madurez 2 por la capacidad de BIM en sus proyectos publicos. Con la ayuda de la
Comisién Europea, BIM puede ser promovido en licitacion publica electronica desde
2014. Sin embargo, no todas |as compariias estan convencidas de cambiar su culturay sus
métodos de trabgjo. Una vez que conocen sobre BIM, piensan sobre su inversion
econdémicay formacion, o de aquellos equipos que ya implementaron y tienen una mala
opinion de algunos de sus usos. Por ello, este presente estudio tiene el objetivo de
promover una serie de criterios sobre |os procedimientos potenciales de los usos de BIM
en € ambiente licitador. Después de andlizar €l contexto de la industria europea y
centrarse en €l enfoque de lalicitaciéon y del propio BIM, la metodologia de este estudio
desarroll6 una encuesta para compahias internacional es potencial es sobre todos |0s usos
de BIM y su nivel de satisfaccion. Los resultados fueron estadisticamente analizados por
el teoremadel limite central, donde lamedia, medianay ladesviacion tipicafueron puntos
clave para la discusion de resultados. Después, la combinacion de los resultados de la
encuesta, documentacion clave y normativa BIM elabord e set de criterios. Como
conclusion, cada criterio, presentado en fichas explicativas, se sostienen como
recomendaciones que derivan en contribuciones, limitaciones en €l estudio, y futuras
lineas para otras investigaciones.
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EXECUTIVE ABSTRACT

TITLE OF FINAL THESIS PROJECT

Procurement and contractual criteria regarding BIM at European level

AUTHOR

Maria Coronado Arroyo

EXECUTIVE ABSTRACT 1000 words)

1. Problem approach to  |In the design phase of construction, AEC industry companies still work with the

resolve traditional procurement methodology, whose procedures cause uncertainty in risk
allocation, schedule delays and cost overruns. The companies have to adapt BIM
methodology in their project because the future obligatory nature, promoted by
Europe, but some of them do not know about its theoretical and practical
implementation, whole others are resisting to change.

2. Objectives A*To assess the concept of BIM

B*To analyse the principal uses of BIM and its Potential Value

C*To justify the importance of BIM uses in procurement background

D*To raise awareness about the most value BIM uses

E*To elaborate a set of criteria based on BIM uses and steering information
F*To sugpest impactful recommendations in each criterion for its implementation

3. Organizational

Title Procurement and contractual criteria
structure regarding BIM at European level
Theorstical and conceptual framework
Context investigation .
P tin Theoretical framework
European AEC
Industry” Literature Research
Arnalytic and Enparical Validation
Procurement and Contracting Analysis
Investipation Result
Conclusions and Contributions
Limitations and Future Lines
4. Method *First step is to develop the literature review with the help of the bibliometric reseach,

looking for articles, books, specific websites and important documentarion, key for
the investigation topic.

*Second step, the investigation has to be contextualised, through the study and
analysis of the Procurement situation in the European AEC industry.

*Third step is an analysis the three main factors for the elaboration of the survey;
Contracting, Procurement and the potential Uses of BIM. Those uses will be
considered during all building performance period, then they will be filtered according
procurement environment they are invoved in for the discussion of the results.
*Fourth step, the dissemination and folllowing collection of the results as the last part
of the Methodology

*Fifth step, interpretation and discussion of the results.

*Sixth step as the conclusions, there will be contribution statements, aknowledgment

of Imitations and suggestion of new future lines of mvestigation.
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TITLE OF FINAL THESIS PROJECT
Procurement and contractual criteria regarding BIM at European level

AUTHOR
Maria Coronado Arrovo

EXECUTIVE ABSTRACT

Maximum 1000 words)

5. Objectives compliance

*A: Bibliographic research and daboration of the definition of BIM. "Theoretical
Framework" chapter, "Step two_BIM concept" subchapter, "Definition"title.

*B; Inquiry of the potential Uses of BIM with a description and potential value features
in aorder list according the group classification. "Aim Analysis’ chapter, "Step
three_BIM Uses' subchapter, "Uses of BIM" title.

*C; Justification and survey results selection of al BIM uses into the linked ones with
procurement sphere. "Methodology” chapter, "Step five_Survey assessment”
subchapter. "Interpretation of results. Order of the scale resultsinto rated
results'title.

*D; Filter of the justified BIM uses connected to Procurement "Methodology" chapter,
"Step five_Survey assessment” subchapter. Interpretation of results. Order of the
scaleresultsinto rated results'title

* E; Analysis of survey resuits, orientation documentation and standard guidelines as
environment for the generation of a set of criteria"Discussion of results’ chapter, "Step
Two_Set of criteria. Analysis' subchapter, "Table 5.2.3 Set of criteria List"

*F; Generation of criterion tickets which includes topic, description, impactful
recommendations and references. "Discussion of results’ chapter, "Step Two_Set of
criteria. Analysis' subchapter.

6. Contributions

*Eitgh key criteriafor BIM implementation

*BIM uses selection for procurement environment

*Survey results for level of satisfaction of BIM uses

* Enhancement of e-procurement by European Commission

*Promotion of virtual innovative procedures and developing tools for BIM
*Encouragement of practical training through project pilots and Lean construction

7. Limitations

*Process of dissemination as a hard work

*Unexpetedly low level of interest of potentid participants
*Short period for afurther dissemination

*Small number of the survey sample

*Low level of understanding of the topic by some participants
*|nvalid responses of some participants
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INTRODUCTION




The main purpose of this thesis is to promote BIM as a methodology in the building’s
performance’s lifecycle, specifically in contracting and procurement sphere. These
subjects are the key points for a project’s success, so the innovation is the scope that
Building Information Modelling can bring to the multidisciplinary project industry as
Architecture, Engineering and Construction.

The industry has been recently going through full of issues (Ustinovicius et al. 2006) in
the contracting phases, such as waste of time or money. Obstacles which companies and
public organizations, neither the Public Administration cannot alow nowadays
(Onyango, 2016). The experience and large and deep studies have proven that BIM helps
with no hesitation the key parts where the main problems are (Cesnik, 2016), so this
thesis can first talk about itsrise, and then, about a specific purpose that even shed alight
to the companies; how to use this methodology in an easy and accurate way, as a sort of
set of guidelines as encouraging statements that clarifies to all organizations about where
to start and what to do since the beginning using BIM. Having a knowledge about a
theoretical framework about what BIM is contributing nowadays is as important as
analysing the procurement and contracting phase, where exactly BIM can nail and
enhance all projectsfrom now, thinking about a European level and keeping in mind that,
from now, the European Commission sees BIM as an essential part of the route from a
concept design until atechnical design of the project (RIBA Enterprise, 2013).

The content of this thesis is about the following introduction through the problem that
will be studied with its need and atmosphere, also having an outlook of what happensin
the AEC industry for having this issue. Objectives and hypothesis are critical here to
discuss by the end. The second chapter of the thesiswill be atheoretical framework study
that includes the indispensable Literature Review, the concept of BIM and its influence
in Europe. Following chapter is about an analysis of construction contracts, procurement
methods and the popular uses of BIM that can directly influence in contracting and
procurement, previously analysed. It will be needed to know about all of them.

With the help of those who are going to have a direct effect (public and private
organizations), a survey will be proposed about all BIM Uses previously anaysed,
ordered and, finally chosen specifically in procurement environment. The survey proposal
and the following study as a procedure in the chapter called Methodology, which will
demonstrate how the instruments and population get through the collection, processing
and statistical interpretation of the results, and will contribute to elaborate the set of
criteria, specialy made by the participants that will show up in the next chapter of the
thesis; Discussion of the results, for the presentation and analysis of the criteria. Finaly,
there will be the Conclusion chapter that is included the contributions and constraints,
also future lines for future studies.
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STEP ONE_PROBLEM STATEMENT

The starting point starts in the design phase of a project (conception, development and
technology of the design). Private companies from the Architecture, Engineering and
Construction industry in Europe are still having procurement traditional methods (Chong
et al, 2017), and those methods have lapses that make key participants of the project
having problems with the schedule and costs (EUBIM Task Group, 2017). These lapses,
reflected in the contract, might be lack of responsibility clarity in some situations, several
consequences of late finish, changes in schedules scenario or overlap of works condition
scenario (Ustinovicius et al. 2006). It does not help the fear of change of many
companies. Being able to think about a full change of the system and procedures of
bidding is an option that not all take, despite the need for adaptation to the new European
policies and the competitiveness inside the Market.

Building information modelling has been, for the last ten years, since it started to be
implemented, a valuable tool of progress for the AEC industry. BIM implementation
means transparency, collaboration, interoperability of data model and cost and schedule
benefits for the companies that are using it, also social and environmental impact BIM
delivers (EUBIM Task Group, 2017). It isnot amystery that BIM has been used for the
key issuesin procurement methods, but there are still tasksto do for considering that BIM
has totally resolved the problem (Cesnik, 2016). For afirm, it isimportant to develop a
common work-method to deal with all the projects are involved in, plus the participation
of all stakeholders. The root is aways in the first stage of every project, the early phase
of planning, where the contractual agreement establishes their goals and priorities for the
project (Migilinskas et al. 2013). Getting to know the atmosphere between the need and
problem is essential for an introduction.

European countries are the topic for the implementation of the need of BIM anaysis and
implementation. Some countries are last adopters in comparison with other that already
started in BIM (Mehran, 2016), but there is also a good chance to analyse what those
countries did a take as a reference. Another atmosphere topic is the way a country acts
through standardisation framework. It basically means implementing BIM through
standards and guidelinesworldwide (Migilinskaset al. 2013). These standards, that must
be part of this study without any doubt, are related to reliability, transparency,
accessibility of knowledge, strategy, interest, equality, competencies and adaptability.

AEC industry companies have also alot to belong to an atmosphere issue. Particularly,
the culture and customs of companies to face change or adaptation to the new are points
to study, in relation to the key obstacles. The main challenge for the industry is to select
the right tools that work in awhole to create avalue (Hardin & McCool, 2015). Within

——
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company habits, there are still obstacles that the need of BIM is not well resolved. The
bidding that a company does for getting a contract is the first step that clarifies the
atmosphere (Directive 2014/24/EU). Below, there is the procurement route which is
covered by an official building’s lifecycle;

RESTORATION
DEMOLITION

Figure 1) 1.1.1 Procurement Route in building’s lifecycle (RIBA Enterprise, 2013)

STEP TWO_AEC INDUSTRY

CURRENT SITUATION

PROCUREMENT METHODOLOGY

To have ageneral knowledge of the current situation, design phases are composed of the
planning phase start-up, design management and procurement. In the planning phase
aready prepared abasic plan, main plan requirements and an overall schedule and project
budget (Chong et al, 2017). The procurement stage basically proposes different methods
to choose and companies start bidding, according to the project’s conditions (Directive
2014/24/EVU). Those conditions and requirements are included in a considered pre-
contract, before the final conditions and type of procurement have been established. The
importance of the final contract is connected to all design factors, as procurement does.

According to (European Commission, 2017), in the European AEC Industry, several
public procurement rules must be established for the compliance of budget, time and
quality. The main information about bidding properly is in the website, also it offers
current business opportunities of tender calls. The current strategy is based on
transparency, competitiveness and fairness across the Single Market, regardless the
introduction of virtual service-oriented is starting in the recent past. The European
Common Network and Database is a good occasion to keep going on the virtua
adaptation.

—
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CONTRACTING

Without a contract, there is no procurement method to choose. Anaysing al type of
contracts is a good goal, even more, if they relate to the factor of risk. In this specific
case, design phase risks are related to management issue and decision making, such as
changes, lack of communication or training, and so on (Ustinovicius et al. 2006) (Chong
et al, 2017). For agood outcome from the planning phase, construction management must
work on the value of the project, especially the owner’s value (Toth & Sebestyen, 2015),
the own building performance, collaboration with communication and dealing with risks
(Hardin & McCool 2015). Thinking about risks, lack of information about the
responsibility among the key participantsis probably the most direct onein the beginning.
It might be called risk allocation in the contract’s conditions. Risk allocation hasto be the
key in the procurement types (Ustinovicius et al. 2006).

The traditional contracting system is linked to a hierarchical team organization where
decisions making and risk control is assigned and transferred (Martinez, 2015), so it is
not properly shared in situations where the communication and full collaboration of the
team isrequired. It is essential to get that the only tool for communication and checking
of the contract is no other than meetings and messaging about that is going on. Thislack
of alternativesin the AEC industry might make future risksto come up during the building
performance process.

JUSTIFICATION

The absence of standard BIM conditions in contract documents and issues of BIM as a
collaborative framework implemented in the companies (Migilinskas et al. 2013)
(Porwal & Hewage 2013), make a good opportunity to justify this project on a process.
Analysing the three-key atmosphere (AEC industry, standardization framework and the
European countries current progress) will motivate to resolve the problem formulation
with BIM in procurement environment. Promoting the idea of every single standard
already established, in every country member more advanced in the European framework,
has to be adapted to a main common set of standards for new adopters. Driving new
guidelines to those European countries that are new in the BIM implementation
framework and there is no need to adapt themselves (M ehran, 2016). The AEC industry
is always looking for its value (Onyango, 2016), so, for the national and international
firms, their value is the differentiation and establish their unique brand (Hardin &
McCool, 2015). A uniqueness that encourages the industry of each country to be in the
top in BIM context.

——
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CONTRIBUTION

With this motivation and the analysis of the contracting system and procurement stage
types, next step isadeep analysis of the main Uses or applications of BIM. Also, with the
help of European companies and BIM experts, aBIM uses survey will be settled for every
valuation of each application (Chong et al, 2017), but only those oneslinked to the design
phase. After data being collected, and statistically anal ysed, the combination of the survey
results, orientation documentation and standardisation principles will create a set of
criteriawhere the encouraging guidelines analysis of each criterion will be considered as
a conclusive contribution.

PROBLEM FORMULATION

After the whole introduction picture, the problem formulation means, in a nutshell, that
AEC industry companies do not know about the specific European guidelines about BIM
application in their early stage projects.

STEP THREE_ OBJECTIVES

Establishing objectives is a fundamental part of the investigation. They have the role as
guide of the study. The genera objectives have a direct connexion with the problem
formulation and they will help to resolve it. With no order by importance, general
objectives are the following;

-To get to know the lifecycle project phases where BIM is used

-To boost the understanding of BIM standardisation

-To concern the new virtual procedures about procurement at European level

-To make the most of innovation and competitiveness in the European AEC Industry

The specific objectives are linked to the general goals and they reply more precise
questions contemplated. All proposed as split goals that they can be resolved in this
project and achieved to success. Here there are the following;

-To assess the concept of BIM

-To analyse the principal uses of BIM and its potential value

-Tojustify the importance of BIM uses in procurement background

-To raise awareness about the most value BIM uses, according to companies surveyed
-To elaborate a practical set of criteriabased on BIM uses and steering information
-To suggest impactful recommendations of each criterion for its implementation

——
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STEP FOUR_HYPOTHESIS

Considered as statements in the project to speculate and ponder about the future results
the project can reach. Lastly confirmed as true or false, the hypothesis proposed are
presented;

-The analysis of BIM usesis an essential part of an effective implementation

-The use of BIM can be introduced in the employer’s information requirements

-The Public Administration procedure is not as effective as expected about BIM
implementation

-European Commission does not show United Kingdom as a BIM country reference
-AEC industry is taking BIM implementation as a very low process

-The decision of which level of BIM implementation should be in the hands of the
Governments.

STEP FIVE_INVESTIGATION METHODOLOGY OUTLINE

The investigation methodology of the thesisis based on;

- Title

- Theory, anaysed in “Theoretical Framework”

- Analytic validation, for the “Aim Analysis” chapter

- Empirical Validation, for “Methodology” focused on the survey
- Discussion of the results, for set of criteria evaluations

- Conclusion, for contributions, limitations and future lines

Anditisshownin thefigure 1.5.1;

——
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Procurement and contractual criteria
Title regarding BEIM at European level

Pralimmmar Kesearch of information

Bibhiometric research

Centext elaboration Content elaboration

Literature review

Theorstical framework

validation Survey Elaboration
Survey Dissemmathon
Diata collection

Eesult Analy=is

Dhscussion results

Bet of Crnitenia

Conclu=ions

—

Future Lines

Drizcussion
and Coaclhusion

Figure 2) 1.5.1 Investigation methodology outline (Own design)
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THEORETICAL FRAMEWORK




The investigation methodology of “Theoretical Framework”, where it is previously
shown in a literature review through a bibliometric research of information, context
explanation and content conception, is displayed in the following figure;

Preliminar Research of information

Bibliometric research
Theory

Context elaboration Content elaboration

Literature review

Theoretical framework

Figure 3) 2.0.1 Theoretical framework diagram (Own design)

STEP ONE_LITERATURE REVIEW

According to some studies about several countries, the volume of requesting for bids is
decreasing because of factors like identified and unidentified risks, uncertainty, lack of
design information, poor communication among al participants in the lifecycle project
(Cesnik, 2016). Also, the figure of the contractor does not have enough information for
doing their work. They spend a lot of time, money and effort to get the public contract.
Their eternal struggleis reaching a project on time and within budget (Park et al. 2017).
Despite the procurements are being designed to enhance val uable innovations nowadays
(Nystrém et al. 2016), European Public Administrations cannot allow that their projects
do not fulfil with their schedules, deadlines and cost estimations previously fixed in the
bidding phase, so there is the start point where the issue starts and it must be analysed.
Also, AEC industry has officially more unemployment rate and the lowest
industrialization of implementation level since the economic crisisburst. A few of larger
organizations in Architecture field were asked about using BIM in bidding for public
projects, they confirmed that while the cost still was a barrier to compete or enter, the
process and practices changes are more challenging. According to Cooperative Research
Centre (CRC) in Australia, there are too many technological barriers for BIM, so it is
necessary to change the organization and the business processes. Universal accessibility
and cultural change make hard to introduce BIM. Despite virtual sharing datais boosting
in the industry (AEC UK, 2015), products like “Dropbox”, “OneHub” or “Syncplicity”
still cannot beat the fear of copying while sharing the information among all project
participants. As stated by Nick Tune, aCo-Builder UK member in BIM community,
another of the issues related to BIM isthe political struggle that contractors must deal in
their own country, so it is preferred that the Construction industry had a common digital
foundation in every country that faces with political and legal barriers. The willingness,

——
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ability for a project process simulation in design phase and an internal crowdsourcing
creates the power to implement BIM technology. It has become a stronger tool for public
procurement and for Government policies (EUBIM Task Group, 2017), therefore,
Building Information Modelling methodology isthe keynote for the bibliometric research
for the literature review.

LITERATURE RESEARCH

BIM ACTUAL ADOPTION

It iswell known that in the beginning BIM was used only by architects to optimise their
solutions in visualization. Then, the contractors introduced it for space coordination,
prefabrication and cost and schedul e integrations, but the main issuein agent participation
was focused on the role of the owners, who did not know about the process (M ehran,
2016). UK National Building Specification (NBS RIBA, 2016) has recently devel oped,
inspired by the Periodic Table of the Elements, the Periodic Table of BIM, for a visual
guide of the many key terms about the main concept and all factors related to BIM
adoption. Introducing thistable to the public sector make the beginning of this knowledge
easy to share and develop it for the future by all stakeholders in the industry. The
following figure represents the periodic table of BIM (Addendum n° 6);

. The Periodic Table of BIM
B st=teoy ] Process B stencarcs )
. Foundations Pecple Enabling Tools 3 6 i
.. . Collaboration . Technology [T Resnurenc LOi
e

51
C_,i

Digital Plan of Work stages

Figure 4) 2.1.1. Periodic table of BIM (NBS RIBA, 2016)
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Despite the low-level owners’ BIM involvement beginning, it is spreading out and the
forecast says about bigger expansion in the future (Mehran, 2016). Some surveys
comparing the US and UK project owner’s participation disclosed the growth from an
11% to a 40% just only in the US, but, in UK owners’ awareness grew up, since the
Government required BIM in 2016, to an amost 98% of moderated involvement, or 38%
of high involvement in 75% of their projects (M cGraw-Hill Construction, 2010). Also,
the Institute of Canada, made a survey to understand the issues of BIM adoption, where
they realised that procurement is still organized around functions and projects, not around
processes and, surprisingly, BIM still was not recognised in public clients.

Nowadays, many advantages are claimed, like the new emerging roles, collaborative
atmosphere, conflict resolution, and so on. However, there is a need of several changes
in distributions of roles and responsibilities, but changes take time (Migilinskas et al.
2013). Also, there are some disadvantages towards the implementation like the existence
of dispersed and less coordinated initiatives, slow implementation, insufficient BIM
training or limited knowledge by participants (Eadie et al. 2013). Severa studies have
shown the development of BIM and BIM-related technologies for managing risks. Tools
like matrix of risk, multicriteria decision-making method or computer simulations,
determines the importance of risk assessment and monitoring and controlling the risk in
the construction project (Dziadosz & Rement 2015). Recently, the possibility of
evaluation of aBIM success project has been analysed through Success Level Assessment
Model for BIM projects (SLAM) method. It does a measurement of the success of
multiple BIM projects using the same set of evaluation criteria as well as a collection of
evauation criteriawith minimal additional work needed by project participants. As soon
as BIM goals and BIM uses are defined, Key Performance Indicators, provided for the
measurement of efficiency, effectiveness and quality (Eadie et al. 2013), might be
identified and measured and, then, being evaluated and classified, according to the level
of maturity. It is aso undeniable that risks monitoring process needs a mathematical
development because of their likelihood. Some risk measurement methods from other
scientific fields have been used recently in the project management field, supported by
new mathematical tools to have a risk monitoring and controlling system (Toth &
Sebestyen, 2015). Another issue to face is the fact that, in its implementation, all
documents might not be standards for the industry, especially for contract forms. To
facilitate the knowledge management over the disciplines using BIM tools through
industry standards, acommon data format structure for information (Industry Foundation
Classes IFC) transfer might be required sooner or later (BuildingSMART, 2017).

In January 2014, the European Parliament introduced a set of reforms to the European
Union (EU) Public Procurement Directive to help reduce unpredictable costs and project
overruns (EUBIM Task Group, 2017). It encourages some EU nations to adopt BIM
mandates or policies. With the influence of BIM Special Interest Group (BIM2AIM), the
UK ministry of Justice has recently completed its industry BIM practice guidelines in
2016. Current developments such as “Digital BIM toolkit” to collect and validate data
from Level 2 BIM (Ciribini et al. 2015) and the newly-made guidelines are some of the
main reasons why the UK has become a key to be followed by the rest of Europe.

BIM community promoted OpenBIM (initiated by Graphisoft, Tekla and other sponsors)
as a universal approach to the collaborative design, realization and operation of the
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building based on open standards and workflows. OpenBIM is nowadays intended to be
an initiative of severa leading software vendors using the exchange-data model, through
BuildingSMART alliance, Industry Foundation Classes (BuildingSMART, 2017). But,
what did Europe start doing? In January 2014, the European parliament voted to
modernize the contracting and public procurement normative recommending the use of
electronic tools like BIM in public biddings. “Directive 2014/24/EU of the European
Parliament and of the Council of 26 February 2014 public procurement™. An interesting
fact is aso that the existing technique called “Value Engineering” has been recently
proposed (Park et al. 2017) to beintroduced in construction projectsthrough BIM. Called
as Vaue Engineering for Idea Bank in BIM projects, it will be able to promote usability,
time-saving, quality and creativity with its database system.

INFORMATION ABOUT PROCUREMENT METHODS

Considering the European Commission and accounting for 15-20% of global Gross
Domestic Product (GDP), public procurement represents a substantial portion of the EU
economy and the economies of many countries around the world. Public procurement
under the World Trade Organization’s Agreement on Public Procurement has been
estimated at around EUR 1.3 trillion nowadays (European Commission, 2017). The
European Commission promoted the Electronic procurement platform (e-Procurement).
Intended to be a useful usage and with the digitalization of the tools in the EU public
procurement directive, it offers numerous benefits like transparency, innovation, higher
efficiency and less bureaucracy (Ciribini et al. 2015). Despite there are some electronic
barriers, new guidelines in the directive will be introduced gradually, like “central
purchasing bodies should move to full electronic means of communication including
electronic bid submission” by April 2017 or *“e-submission should be made mandatory
for al contracting authorities and all procurement procedures” by October 2018 (Grilo
& Jardim-Goncalves, 2011)

Over time, new procurement methods started showing up, promoted by several countries;
Cost Led Procurement (CPL) Integrated Project Insurance (1PI), Two Stage Open Book,
Integrated Project Delivery (IPD) (Migilinskas et al. 2013) and Project Alliancing (PA)
were some new proposals which are based on integration and interoperability. Introduced
thanks to the British Government in 2011, CLP, IPl and Two stage have the same
philosophy “we are all in the same boat”, or in other words, cooperation and transparency.
Besides, it is not easy the act of creating areliable relationship with some companies that
have their backgrounds (Ciribini et al. 2015). Green building project delivery might be
one of the most significant among the new ones. Teamwork, critical thinking, problem-
solving and sustainability are characteristics which make a synergy with the integration
of BIM (Luo & Wu, 2015). With soft skills and creative criteria, green BIM project
delivery would have this process likeit is shown here. The straightforward process of this
green innovative project delivery looks like this;
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LEED Slralegy + BIM Execulion plan

| Conceptual Design

| Criteria Design

i Detail Design
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|
Figure 5) 2.1.2. Green Building Project Delivery (Luo, Y., Wu, W. 2015)

Related to construction contracts, risk management framework is a strategic key within
procurement stage. Organizational culture, process structure, application of risk
management process and development, and experience in risk management are the four
pillars of the maturity factors of risk management. Recently, new computer programs are
simulating problem process solving (Grilo & Jardim-Goncalves, 2011). Despite its
limited availability, these programs are good because of its knowledge system, which
allows decision accuracy and risk identification. With a clear training and the following
expert guidelines, companies can evaluate their risk management and its impact in every
project they take part in (Serpell et al. 2015). Also, innovative techniques in risk
allocation among parties, like Public Private Partnership (PPP), where a contractor takes
part in theinitial investment funding, could manage more accurate evaluations and more
specific conditions with incentives (Nystrom et al. 2016). Despite there are still legal
barriers in risk allocation management, ConsensusDoc was created in 2010 as a digital
aternative in construction contract documents, where BIM is aready introduced as an
addendum, allowing the key participants and stakehol ders to access to the risk alocation
in the project.

CONSDERING THE FUTURE

In longer terms, public owners are starting to merge BIM data with infrastructure and
Geographic Information System (GSI) data to future projects (Chong et al. 2017). For
example, Web Map Service (WM S) cadastre is used as aprocess through BIM integration
and GIS databases in LEED (Leadership in Energy and Environmental Design) analysis
like energy consumption or lighting (Chen & Nguyen, 2016). The introduction of
knowledge and effective solutions in AEC and Facility Management industry would
derivein aspects such asthe devel opment of BIM integrated with Geographic Information
System, not as a building scale only, but a city scale in the future (Correa, 2015). These
systemswould enable public owners to manage built assetsin asafe and efficient manner.
Although there are several barriers like managing the huge amount of data, cybersecurity
and data exchange standards among different systems (AEC UK, 2015).

Based on requests from its client owners, USACE (US Army Corps of Engineers) is
undertaking an initiative to join geospatia information with its BIM data and civil
information modelling (CIM) data, which comprises infrastructure information such as
parking lots, location of street lights, utility conduits and water supply mains, among
others. Another example is Geographic Markup Language (GML) introduced by Open
Geogpatia Consortium (OGC) (Niu et al. 2015). OGC, as an international non-profit

——

]
21 |



organization, designs new open standards for improving geospatial data. Another current
proposal, called “UK’s Digital Built Britain” initiative, formed in 2013 as an outgrowth
of their government construction strategy, is working together with the BIM Task Group
to deliver what they define as “Digital built Britain Level 3 strategy”, focused on BIM
capability, comprising building, infrastructure and geospatial information. During this
research, companies’ innovations have shown up to improve a project lifecycle, such as
SlimBIM ™ virtual interactive model (Virtual Viewing, 2016), considered BIM Initiative
of the Y ear in 2015, or noteworthy platforms, like “Women In BIM”, (Butcher, 2016) to
support aglobal community and create new opportunities for diversity in the industry

European BIM Summit

In this event, sponsored by BuildingSMART association, it is easy to find new
experiences and debates about BIM where all participants can analyse new tools, services
and innovative products. Also, new contents, connexions and networking are the basis of
the BIM Summit. In the third edition in Barcelona (May 2017) the innovative country
was France because of its investment in national digitalization in the economy. France
presented the “MINND” project, an interoperable information model for management of
the French infrastructures, and “EDUBIM”, an integration project about BIM where all
participants take part in the building lifecycle. France suggests “Industrie du Futur” which
requires the country to its development in the Construction industry and it visualises the
pillars of technologic offer development, its performance, participant training,
international cooperation under the standards and normative, and the future French
promotion in the AEC industry. Last year, United Kingdom was the invited country for
being declared as a “BIM country” and for accomplishing the requirements for Level 2
of BIM maturity in the same year (Martinez, 2015).

RICS BIM Conference 2017

RICS (Royal Institution of Chartered Surveyors) is considered as the world’s leading
professional body for qualifications and standards in land, property, infrastructure and
construction field. In August 2015, RICS had made a BIM guidance for Cost Managers,
which includes the BIM environment working conditions, background information,
internal procedures and BIM measurements. In 2016, RICS made a guidance about BIM
for Building Surveyors. The next RICS BIM conference was towards the BIM adoption
in Association of Southeast Asian Nations (ASEAN) and it was in Kuala Lumpur,
Malaysia, in June 2017. The main topic was the set of challengesfacing the early adopters
in Asia’s emerging economies and the best guidance on embedding BIM. Other topics
include the role of RICS in the standardisation of BIM practices worldwide, approaches
of data from multiple sources in collaborative working environments and approaches to
establish aBIM team in the organizations.
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Considering the European Public Administrations issues about their cost and schedule
changes, the role of the European Commission in the establishment of new policies about
public procurement is one of the most important contributions. All countries must
consider, apart from their own rules and national legisations, the European Law for a
transparent, fair and competitive public procurement across the European Market
(European Commission, 2017). The plus contribution of BIM implementation in
bidding projectsis achallenge for atraditional procurement sector, but, according to this
literature research, BIM adoption isgrowing up in an exponential way. The surveys made
in US and UK are the good and reliable example of this growth in owner’s mentalities.
The accuracy of the results determines the fast involvement and acceptance in countries
where all can consider as references for the change to good.

Accordingto ITeC, referenceinstitution in the building sector, sponsor and board member
of Building Smart Association, Nordic and English-speaking countries took the
advantage with their legislation. From 2016, a gradual implementation started. But, BIM
implementation strategies have different speeds in every country and it is demonstrated.
At European level, Directive 2014/24/UE about public contacting establishes the use of
electronic systems (like BIM platform) in the contracting processes of construction
works, services and supplies, from September 2018. In the article n® 22, is related to the
building information electronic modelling tools. It describes the possibility of the
European memberships might demand the use of the specific tools for the electronic
modelling of construction data in the contracting processes of construction works,
services and supplies (Cesnik, 2016). There is no doubt about the assortment of BIM
tools and related technologies for the last 5 years, and even the possibility of evaluating
a success of a project involved in BIM, like the SLAM method (Simultaneous
Localisation and Mapping), does not only points out that elevated level of development,
but it shows that there will still innovation in the future. The importance of establishing
standards in the industry makes BIM members or sponsorships to take part into it,
providing novel approaches or initiatives like OpenBIM, thanks to BuildingSMART
alliances. BIM community and related-alliances have alot to say and offer. Conferences,
seminars, journals articles about this topic that have been found to explain this literature
and to be evaluated to achieve the objectives of the thesis.

One of the biggest goals for the AEC industry is not only the creation of international
initiatives, to promote public projects in the sector with the collaboration of the
Governments, but also accomplish this initiative and their own interests. New bilateral
relationships of business, increasing awareness in the Administration in the European
countries, the progress and growth will be guaranteed. The creation of simultaneity and
homogenization of the BIM implementation guidelines starts with the establishment of a
set of criteria of BIM uses due its environment conditions and requirements. This set
would contribute to unify the basic principles of BIM uses (NATSPEC, 2011-2016), so
it unifies the guideline implementation in al EU countries.
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The redlity of BIM will originate newer contracts with it than with the traditional
methodologies in public tendering. Thus, those contracts will have to include BIM
requirements or procedures from their uses, that is why the importance of the criteria as
basic material for the guidelines. Through the AEC industry, the existence and avail ability
of aset of BIM competencies would assist organizations and project partners to identify
criteria through competencies within procurement and tender/bid documentation. It
would measure the competencies of the individuals, teams and organizations (Chong et
al. 2017). Also, it would clearly define the project requirement through standardised
competencies. The project workflow would be smoothed, so the professional training of
BIM will be developed in abrief period. With this target, there will turn up new business
models and the guarantee of innovation. The internationalization of theideasreflected in
the guidelines would mean alabour culture exchange and the connection of outcomes and
new alternatives or approaches.

STEP TWO_BIM CONCEPT

Well-known as a complex phenomenon, Building Information Modelling is considered
asaphilosophy, type of software, work methodology or aprocess of many in theindustry.
In this study, BIM can be defined as a “digital representation of a building, an object-
oriented three-dimensional model, or a tool of project information to enable
interoperability and information exchange with related software applications” (Miettinen
& Paavola 2014). The combination of CAD system, intelligence and interoperability,
makes an effective formula (Migilinskas et al. 2013).

According to the US National Building Information Model Standard Project Committee,
BIM is considered as the perfect digital representation of the physical and functional
qualities of a building or facility. It’s the key for sharing information during building’s
lifecycle. BIM can be simply classified into its dimension scope in eight levels (Smith,
2014);

-1D ldea. Considering Market studies, previous planning and the idea conception.
-2D Vector. The basic project where the process is about design and calculus.
-3D Modelling. For width, height and depth.

-4D Planning. 3D expanded with time planning.

-5D Cost control. 4D with feasibility estimation.

-6D Sustainability. 5D with energy analysis and resources management.

-7D Facility Management application. 6D with project’s lifecycle management.
-8D Safety. 7D with accident prevention

In the concept consideration, some factors come into play like disciplines (Architecture,
Structural Engineering, etc.) or attributes, which represent the physica structural
elements to manage, change or control in the software (Eadie et al. 2013). Well-thought-
out as a fully integrated procedure in firms, BIM makes easy to understand the projects
through parametric objects, also their visualisation feature helps all usersin a perceptual
and cognitive way to face issues automatically, as a problem solving (Park et al. 2017).
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Software vendors aso take part in the BIM environment about what is BIM solution for
them; collaboration basis, change administration through database and preservation in
other applications. BIM is considered both technol ogy and systematic method and process
that is changing the project delivery, designing and organizational management of
construction, so its collaboration and communication environment could make the risk
identification easy to mitigate in an early stage (Onyango, 2016).

BIM four key elements are not others than collaboration, representation, process and
lifecycle, interacting to create the efficient environment (Bradley et al. 2016). The
following figure is the graphic example how BIM environment looks with the four
elements;

Shared via

Figure 6) 2.2.1 Four Key elementsin BIM Environment (Bradley et al. 2016)

According to other authors (Miettinen & Paavola 2014), the four key elements, in a

utopic scenario, are;

1-Models of BIM data used with other software and tools.
The data interoperability is allowed by Information and Communication Technology
and standards. -The challenges to accomplish are interoperability and a system
integration.

2-Collaboration
New arrangements like Project Partnering, Project Alliancing, Integrated Project
Delivery (Martinez, 2015). The chalenge is a fast integration of the discipline.
Barriers to consider are the organizational and legal issues (Eadie et al. 2013). Asa
goal, multi-party contracts on sharing risk and reward (risk alocation)

3-Lifecycle
Barriers to consider are limitations in BIM stage implementation (last operationa
phase) or lack of knowledge among participants.

4-Productivity
As a goal, BIM guidelines and textbook rules and standards should be considered
(Chong et al. 2017).
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BIMTaskGroup summarised that BIM has four levels of maturity. The maturity levels
are meant to be the degrees of BIM capacity in the adoption and delivery (M ehran, 2016).
Although most of the companiesthat use BIM are mainly in the level 2, some companies
have started with level 3 (Alreshidi et al. 2017). Other authors have also thought the
classification of the maturity levelslieit is shown next;

Level 0 Level 1 Level 2 Level 3
CAD (not BIM) 2D/3D BIM 3D BIM iBIM
Drawinglines, texts. 95% produces 2D M odéls, objects, collaboration, Coordination errorand  Integrated, interoperable data. Potentid to
drawings lacking coordination, increasing costs 2D/3D spatid. Potentid to reduce mitigate risk and incresse profit through a
by 25% (waste and rework) remove waste by 50% collaborative process

Tablel) 2.2.1 Levelsof BIM (Barnes, Davies 2014)

Asafigure, the maturity levels of BIM are presented below;

Level O Level 1 Level 2 Level 3
/ / |
/ .
F / BIM - iBIM
S_
§5 28¢
£8e32% IFD
/ 2D |3D 255335 i
CPIC Avanti |DM .
=3 CAD uggrlégﬁigsogglc, Avanti, BSI / 150 BIM
Drawings, lines, text Models, objects, collaboration / integration, interoperable data

Figure 7) 2.2.2 BIM levels of Maturity. (Bew-Richards 2008-2016)

The main aspect for the effectiveness in a fully integrated and collaborative BIM
environment is, without doubt, its standardisation (Onyango, 2016). Through BIM-
related standards, all challenges that face BIM are |eaded.

STEP THREE_CURRENT SITUATION IN EUROPE

Written in the literature review, the number of countries that start implementing BIM is
increasing over the years. Either with standardisation or the need of being adopted in the
big Market. Private companies and public organizations are getting more competitive at
an international level (Directive 2014/24/EU). The rapidly increasing of BIM
implementation in Europe is due to the private and Government owners’ interests of
having faster adaptation and benefits, and it is proven that contractors have received not
only their benefits, but aso have learned about getting the most of BIM, being able to
improve their project delivery system (McGraw-Hill Construction, 2014). The great
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powers, wealthy countries are the strong global actors that |ead the main decisions about
the progress of their countries. That is happening on every topic that is involved, and
infrastructure’s main public projects that countries invest millions with public money is
one of those topics (Mehran, 2016). The positive impact that BIM has done into the
Industry have made to consider that a country could change its economic perception in
order to start over with BIM methodology (Martinez, 2015). Its value has grown up
exponentially, so the European countries’ interests do. The repercussion of BIM in the
European market is evident. One of the characteristics that show a country is taking a
good advantage and make the most to implement BIM is in the level of maturity their
public projects, or private onesin the AEC national industry have (Onyango, 2016). For
example, countries like France, Spain and Italy are all starting with level 2 of BIM, but it
does not mean those ones might be considered as references. The implementation haslots
of factorsto cover, not only the maturity, but the environment, studied in the last chapter,
is one of the main keysto consider that a country isdoing well. A research has been done
(McGraw-Hill Construction, 2014) for having an understanding about period,
implementation, expertise and engagement rank between European countries and all
regions, and the results give these graphic figures;

Length of Time Using BIM Current BIM Implementation
| Source: McGraw Hill Canstnaction, 2013 Level
B Europe [ Al Regions Source: McGraw Hill Canstraction, D013
M turope [ All Regions
' 47% 47%
31% 2q0;, 6% 317

| Light {Medium | Heawy 1 Very
i{Less Than ((15%-30% . (31%—60% | Heawy
1 15% of 1 of Projects) | of Projects) | {More
1Projects) I 1 Than
i i | | 0% of
! ! ! ! Projects)
BIM Expertise Level EIM Engagement Level
Source: MoGrew HE Constnschion, 2013 Eowrce: MoGraw Hill Constuction, 3013
. I Europe M All Regions ' M Europe [ Al Regions
| 3B T 50%

. 30°% 29%: 29%: | 36% g4, 36%
! 21% 7%

13% 109, 5 1%
| LowBIM | |HighBIM |

1
1
iEeginner iMﬂderate iﬁ.duancad iEr.pert | Engagement | Engagement
: |Medium | | Very High
; 1BIM ; 1BIM
I 1 Engagement 1 Engagement
1 I 1

Figure 8) 2.3.1. BIM for construction data (McGraw-Hill Construction, 2014)
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In the words of al participants as representatives for the report of McGraw-Hill, the
assembled dataisillustrated in each graphic; the significative length of timeisin the first
two years, implementation between light and medium level in the project execution,
beginners in the level of expertise and a low BIM engagement. So, the data can be
interpreted as Europe is participating as BIM beginner contractors, so all regionsdo. Itis
a fact that the United Kingdom and the United States are two of the main worldwide
references, both have got their own BIM guide, second based on the first one, and even
their own paramount standards. With the help of the expert organization, groups of
interests and nationa firms, have developed BIM execution plan and exchange
information as contract addendum in the agreements (CICRP, 2010). Based on UK’s
BIM guidance and US’s participation in contract addendums propositions, Australia is
another country that, thanks to non-profit organizations like NATSPEC which promotes
BIM in the industry, aso have their own protocols, standards and documentations
(NATSPEC, 2011-2016)

The United Kingdom has proven that it is the country more involved in Building
Information Modelling (Eadie et al. 2013). After years of introducing the methodol ogy,
in 2011 the British Government obliged that all projects must be carried out with BIM.
UK Government created its Strategic Plan, which represents the recommendations for
BIM, based on the standards by level 2 of maturity (EUBIM Task Group, 2017). In
2016, the UK Government would establish that BIM had to be mandatory on al public
contracts. The interest in the sector raised since the strategy (Miettinen & Pavoola,
2014).

Nowadays, if acompany in the UK want to hire a government project, it must be level 2
maturity, for its compatibility (Hore, 2017). When the UK started with its strategy, first
created BIM Task group as a Government initiative, whose main goal is a fully
collaborative framework between government clients and supply-chain contractors, in
order to change the practicesinto BIM and with an electronic delivery system (M cGraw-
Hill Construction, 2014). Through the Initiative, COBiewas created as a structured data-
exchange format (Construction Operations Building Exchange) by USACE, helping to
capture and record important project data since the primary point. At the sametime, The
Ministry of Justice promoted then the “BIM Mandate” to, at least initially, make the
Government to improve the productivity and efficiency in the industry (M ehran, 2016).
In this full adaptation of BIM, where many organizations, private and public ones,
including the UK Government, the BSI (British Standards Institute) made their
contribution creating a sharing standard (PAS 1192:2) for building information as key
points between client and supply chain. Developing PAS 1192:3 standard for facility and
asset management makes clear that BIM Task Group is expanding and developing
innovation, and still there is a long and promising way to go. The cultural alliance for
collaboration plays an interesting role, but al so, getting to become aBIM proficient power
means alot for a country (EUBIM Task Group, 2017). Focused on the lifecycle of the
project, standards, and alean and facility management process, BIM Mandate is a wider
adoption for neighbouring countries’ transition to BIM approach.
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STEP FOUR_BIM INFLUENCE

CHARACTERISTICS

The features of BIM can be studied with SWOT analysis. (Isikdag & Zlatanova, 2009).
SWOT analysis (Strengths, Weaknesses, Opportunities, Threats) is intended to be a
practical tool for somebody who wants to know about a project, organization or even a
methodology like BIM, specifically itsinner and external characteristics. SWOT analysis
with BIM methodology already connects in a holistic approach both the internal and
external environment (Bell & Rochford, 2016). Hence, through BIM environment,
SWOT analysis is the perfect reflection for the study of their characteristics within its
effect. The following figure is a simple representation of the anaysis;

—
DIRECTION HELPFUL ‘ HARMFUL

~ OPPORTUNITIES THREATS

MAGNITUDE

SMALL LARGE

Figure 9) 2.4.1. SWOT Classification (Bell, Rochford 2016)

The composed matrix results in this analysis; Strengths as an inner characteristic with a
helpful upshot, Weaknesses as an inner feature with a possible harmful effect.
Opportunities as an externa highlight with a helpful achievement, Threats as an external
aspect with a harmful outcome. In the case of BIM implementation, the characteristics
are classified in thistables;
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* 3D representation

* Object oriented nature

* Spatially-related to
building elements

* Reduce waste

* Save money and time

* Smooth and clear
workflow

* Reduce errors

* Avoid risks

* Applicable in small
companies

* Widely used in all
construction sectors

* Collaborative
environment

* Interoperability
challenge

* Governments have to
lead the implementation

* Does not have universal
platform

* |nitial costs in software

* Not enough
collaboration among
different occupations

* Easy site selection

» Evaluation of design
proposals

* Energy and lightning
analysis

* 4D simulation

* Assessment of damage

* 3D geocoding

* Connection among
international BIM
leaders and experts

» Best information
container in the industry

* Privacy

» Information overload

* Unauthorised Access

» Traditional methods
undermined

* Culture and bureaucracy
changes

* Changes no fully-
accepted in the whole
industry

* Low level of
implementation
nowadays

* Legal barriers

* Risk allocation issues

Figure 10) 2.4.2. BIM SWOT classification (Isikdag & Zlatanova, 2009)

According to CMAA (Construction Management Association of America), in their
eighth Annual Survey of Ownersin U.S. report (Farr & Piroozfar, 2014) possible BIM

benefits are a so;

* Enhanced communication and collaboration

* Process standardi sation achievement
* Reliability in specification and regulations

* Productivity in assets

* Better perspective and innovative strategy

* Fewer |abour costs

But also, CMAA Foundation recognises that there are hurdles like;

« Complex system

* Lack of industry standards

* Poor integration

* Diverse needs and interests of stakeholders
* Unclear business value and ROI [return on investment] in the implementation.

* Absence of trust.

Aninquiry to expert was done to find out the most significant barriers that BIM might
have, in atechnical and non-technical approach, likeit is shown here;
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Non-Technical

Technical . T . .
Social-Organizational Financial Contractual Legal
BIM Maturity issues Resistance to change BIMcost ofadoption  More benefits from confusions Intellectual property and copyright
Interoperability issues Lack oftrustin new technologies BIMcost of training No maturity in fully BIM contracts 'Wrongorincomplete data liability
. . o Absence of considerations in BIM
BIM model issues Absence of BIMunderstanding Limited budget Absence of BIMrelated aspects  contracts
. " kil . No legal framework for adoption
Huge data inputs/outputs Different users'skills Human services cost Legal concerns in BIM BIM
Adaptation process into BIM
Limited data storage Lack of BIMtraining
contracts
Limited accessibility (rights issues) No motivation
Lack of data sharingtools Dealing with clients'awareness

Absence of data tracking, checkingand Traditional standards and

versioning control tools practices still used
Coordination with BIM large models Avoiding potential risks and
issues mistakes

Lack of notification tools

Table 2) 2.4.1. Technical and non-technical BIM barriers. (Alreshidi et al. 2017) (Eadie et al. 2013)

Same authors confirm the most significant benefits of BIM in the next table;

ICT Socio-organisational Expertise BIM process Financial and Legal
Effective communication Client Motivation Experience Clearimplementation Financial resources covering
Collaboration coordination practice Client early involvement BIMtools skills Clear collaboration plan Business motivation
Collaboration coordination tools Educate expertise Interpersonal relationship  Sharing data method Business opportunities creation
Reliability in BIMtechnologies Technical training provided Criticism acceptance Check points setting Overall legal framework
Sharing data effective methods Collaboration and commitment Collaboration willingness Rep'lacement o integrated Roles and responsibility allocation

delivery method

Common data environment Leadership with shared goals Sharinginformation trust Clear Data ownership
Track information Roles and responsibilities allocation Relationship with client

Problem solving

Table 3) 2.4.2 BIM benefits. (Alreshidi et al. 2017) (Migilinskas et al. 2013)

Nowadays, more companies embrace increasingly the implementation of BIM through
software like ArchiCad, Revit or eQUEST (Chong et al. 2017). But not all the knowledge
a company can get from BIM is within software usage. From the main four elements
considered in the first step of this chapter (collaboration, representation, process and
lifecycle), a company enhance its knowledge and level of implementation, connected
directly with the level of maturity required (M ehran, 2016). It isalso good to know about
how many software in the market vendors are using for several types of BIM utilities,
here they are the main examples;
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Type of BIM usage Software

Design Authoring Revit Architecture, Bentley BIM, ArchiCAD, Tekla, Vectorworks
E’:f:;é@fﬂfﬁ%m ArchiCAD MEP, Revit MEP, AutoCAD MEP, Bertley BIM, AutoSprink
Civil Authoring Bentley Inroads and Geopak, Autodesk Civil 3D

Clash detection NavisWorks Manage, Bentley Navigator, EPM Model Server

4D Scheduling Synchro, Vico, Navisworks Simulate, Primavera, MS Project

5D Cost Estimating Innovaya, Vico, Tokmo

Specifications Speclink-e, E-Specs

Model Checking Validation  Solibri

COBle Tokmo COBIe exchange

Energy Analysis EcoDesigner, Ecotect, Green Building Studio, EnergyPlus, DOE2

Table 4) 2.4.3. Software for BIM usages (Neary et al. 2010)

Aspects that a company should know about BIM framework are involved into three
factors (Alreshidi et al. 2017);

1° People. People’s main challenges are the understanding of BIM and its maturity,
participants’ behaviour, trust in the team and following collaboration issues that might
show up in the process. People as actors are related to the team, people who are involved
in the projects.

2° Process. These challenges are the absence of commonly agreed objectives about the
use of BIM, not having a clear procedure about the use, information delivery issues,
variety skillsin the team and some sharing issues in the process. Processes are related to
contracts because the workflow is supported in this way by the lega frameworks
(Directive 2014/24/EUV).

3° Data. Including challenges like data ownership, possible copyrights, Intellectual
Property (1P), interoperability, amount of big data, inconsistency data, compatibility data,
transportation, storage and loss of data. Data management are connected to ICT
(Information Communication Technology) technologies (AEC UK, 2015).

Despite the implementation, companies confess that they are working on their own
strategies and models, in order to not to share their information with others. Factors like
competition, copyright, dataloss or other worriesthat companies are aware of, make them
take the decision of designing their own methods and team collaboration (Migilinskas et
al. 2013). In the AEC industry, Big Data can contribute with knowledge innovations in
the field of BIM. Despite BIM cannot take advantage of Big Data (because of the data
volume, type of velocity or acquisition of data), it can take part in development tools,
automation of tasks and transformation of BIM processes (Correa, 2015).
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First, it isuseful to know that a standardisation is strategic to optimize the sources and to
get a common basis for, in this case, project management. AEC industry has to get and
arrange open standards that guarantee the compatibility of the different resources and
tools that the market and virtual e-market have nowadays (Grilo & Jardim-Goncalves,
2011). BIM is meant to be an important complement in the building contract and
consultants’ and other designer’s appointments (Barnes & Davies, 2014), based on the
current standardisation. Despite some weak points like strict standardisation or too much
variation to adapt, standardisation plays adecisiverole in BIM implementation since the
beginning. (EUBIM Task Group, 2017). The main goals of BIM standardisation are the
orientation of companies and professionals of the AEC sector by the Governments and
public authorities as the main support (Miettinen & Pavoola, 2014) and, aso, the
networking that might be turned up after the application of the rules.

BIM Standards can be defined as established features for data exchangesin aBIM project
(Martinez, 2015). Standardisation related to BIM is directly connected with building
contract formats. Nowadays the standardisation classification is in the four-maturity
levels, (Onyango, 2016) like it was shown before, but now the standardisation
information is included;

Level O Level 1 Level 2 Level 3 _
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Figure 11) 2.4.3. BIM Standardisation in Maturity levels. (Bew-Richards, 2008-2016)

——

]
33 |



s

The first and most complete BIM standard, focused on a model format, is the Industry
Foundation Classes, where it means about al the data for product and process modelling
that can be shared and exchanged during the project’s lifecycle (Grilo & Jardim-
Goncalves, 2011). IFC is an open data model format which defines component’s
geometry and other physical propertiesto allow the transfer of data between applications.
IFC is managed by BuildingSMART (International Alliance for interoperability) and
documented in 1SO (International Organization for Standardization) (Bradley, 2016)
(Cesnik, 2016). IFC describes the taxonomy which objects can be defined through
attributes and objects’ relationships can be set out. Although, it is well-known that all
each software vendor has their own BIM model format (Correa, 2015). Every BIM
project must have its own protocol, computer-aided design (CAD) standards for use by
other consultants or construction modellers. Spain, as a vauable member in
standardisation, has UNE as the Certification and Standardisation Spanish Association,
where AENOR is a key participant, also a key member in BuildingSMART. In 2011,
“AEN/CTN 41/SC 13” Organization of information models in building and civil works”
was created focused on BIM, specifically for an introduction to AEC professionals who
are not still using BIM.

Every country hastheir own authority that can participate in the European or international
committee in the creation of a new standard. Now, the international BIM standardisation
isreflected in the “Committee |ISO/TC 59/SC 13, Building and Civil Works. Organization
of information about construction works”. This regulation has the main goal for the BIM
standardisation for information and data sharing and exchange during its project’s
lifecycle. ISO/TC 59/SC 13 regulation collect a set of standards. Those are responsibility
of theregulation (AENOR, 2016);

- ISOITS 12911:2012 Framework for building information modelling (BIM)
guidance.

- 1S0O 16757-1:2015 Data structures for electronic product catalogues for building
services. Part 1. Concepts, architecture and model

- 1SO 12006-2:2015 Building Construction. Organization of information about
construction works. Part 2: Framework for classification

- 1SO 12006-3:2007 Building construction. Organization of information about
construction works. Part 3: Framework for object-oriented information

- 1S0O 16354:2013 Guidelines for knowledge libraries and object libraries

- 1SO 22263:2008 Organization of information about construction works.
Framework for management of project information

- 1SO 29481-1:2016 Building information models. Information delivery manual.
Part 1. Methodology and format

- 1SO 29481-2:2012 Building information models. Information delivery manual.
Part 2: Interaction framework

- ISOINP 16739-1 Industry Foundation Classes (IFC) for data sharing in the
construction and facility management industries. Part 1. Data schema using
EXPRESS schema definitions.

- ISOINP 16739-2 Industry Foundation Classes (IFC) for data sharing in the
construction and facility management industries. Part 2: Data schemausing XML
schema definitions.
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At European level, the European Technical Committee has devel oped, with 1ISO, CEN/TC
442. (AENOR, 2016). With this standard, all BIM processes can be coordinated. It would
be a good opportunity to deal with strategic partners or future ones. The objectives of this
standard are;

Adoption of the main internationa standards (1SO) as European standards (CEN)
Collaboration with 1SO for the development of new standards

Consideration of related European standards

Introduction of sustainability and environmental aspects

Development of European technical reports (e.g. terminology, methodology, €etc.)
Exchange of IFC standards and information

New documentation related to data dictionary or definition methods.

~No ok~ WN PP

The structure of CEN/TC 442 is composed by;

WG 1; Strategy and planning

WG 2; Exchange information

WG 3; Information Delivery Specifications
WG 4; Support data dictionaries

WG 5; Chairperson’s advisory group

The strategic partners of the European Technical Committee are the United Kingdom,
Scandinavian Countries, Germany, Austria and France, so, they can be considered as the
biggest references of BIM countries (M ehran, 2016). AsaBIM country reference, UK’s
standards form a set of important level processes for the collection, specification and
transfer of information throughout the lifecycle of built assets. The earliest standard
assigns shared information with specific states which help share information sooner, but
till allows, for the information, to change before it is fixed as a binding issued design.
The most significant standard is PAS1192-2: 2013, Specification for information
management during capital/delivery phase of construction projects using Building
Information Modelling (Hore, 2017). This standard specifies requirements for achieving
BIM in Level 2.

According to United Kingdom (AENOR, 2016), it is compulsory to present the project
in BIM format to have a public contract since 2016. The main objectives of this strategy
are simple and accurate; costs and carbon footprint reduction (Chong et al. 2017). The
sustainability is nowadays a principal issue in the UK. Some European countries have
shown standards, like Finland and Norway, where both common requirements take the
approach of an extensive set of BIM requirements (structural model, as-built or quantity
take-off requirements) (Bradley, 2016). Also, providesinformation about how the model
will be analysed and the best practices by the supplier. Procedural frameworks provide a
methodology for the tailoring of a BIM solution to a specific project. Another examplein
Netherlands, provides aframework of specific subjects without specifying aformal BIM
process (but producing BIM execution plan). In France, BIM is obligatory in building
works since 2017. Also, in Germany, the private sector promoted a BIM plan with the
help of the German Government in 2015. Scandinavian countries have motivated the
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usage of BIM in the obligatory usein some case studies (AENOR, 2016). The following
table demonstrates the principal European mandates focused on BIM;

Country  Mandate BIM data Building Sizes Submittal  Reasons for establishing Supporting Date of Future Plans
required requiring BIM File Policy Materials current
formats mandate/s
Denmark. Executive Order Project 5M kroner and IFC, -Reduce energy consumption 2007/2013
o g: i i in buildings
Building ' No 118 lifecycle higher for NATIVE Improvegproductivity
architecture | national projects )
property agency ihrough 20M erne:r and « Shorten project delivery
under Ministry . timeframe
Climat 0&M) higher for  Improve coordination and
Of imate, regional and communication among team
Energy and municipal members
Building projects
Common BIM Project All national IFC, * Support making design and Guidelines 2007/2012
. . i i i construction updated in
Finland: Senate | Requirement lifecycle public projects NATIVE i . (20p12
X (architecture ifecycle process safe )
Properties | 2012 h h « Support making design and
throug| construction
0&M) lifecycle process compliant
with sustainable development
* Utilize models for facility
management
Statsbygg BIM Architecture All national IFC, * Reduce errors and BIM Manual 2005 /2013 Additional
Norway: ~ Manual 1.2.1 and public projects NATIVE :”I"'SS"’"S o 121 BIM data
MErilavaEr mprove communications requirements
Statsbygg d and coordination expected by
ata * Gain efficiencies 2016
 Increase energy efficiency
* Use cutting edge research,
technologies and
processes to improve the
built environment
United | Government Project All national COBie, * Reduce construction costs BIM Task 2011 BIM
. . i i i i * Reduce project delive Grou requirements
Kingdom: The | Construction lifecycle public projects Native, e proj v provizes wi?l apply in
f . architecture PDF
Cabinet Office | Strategy (h N « Make UK's design and support 2016.
of throug construction industry for both the UK
0&M, more competitive globally government
Government i ed i
- defined in  Help UK meet carbon and
Construction the U.K. as reduction targets for buildings supply chain
Board Level 2)

Table5) 2.4.4. Current BIM mandates in Europe (Bradley, 2016) (Chong et al, 2017)

Definitions of file formats

IFC (Industry Foundation Classes): open standard for exchanging BIM data between different proprietary software
applications

COBie (Construction Operations Building Information Exchange): open standard for the capture and delivery of
information needed for facility management (FM)

Native: proprietary software standard from the authoring tool of a BIM model

PDF (portable document format): typically extracted automatically from a 3D model authored in BIM software

DWF (design web format): proprietary to Autodesk, used to transmit 3D model information in compressed form to
reduce file size

But, why promoting BIM in the countries where have less or zero implementation? There
are some reasons why. The adaptation of new international trends will mean more
competitivity and market dynamization (Mehran, 2016). Also, there will be a quality
raised in the projects, so it also will denote openness and transparency of the information,
specificaly in the procurement phase (Grilo & Jardim-Goncalves, 2011). This reason
proves cost reduction in the execution of projects and more equity in the investment of
public projects (Directive 2014/24/EU), one of the motivations for this project. The
European Commission recently promoted the European BIM TASK GROUP for the
development of political directiveswithin Europe (Cesnik, 2016). Participants are mainly
Public Administration representatives; public bidders, infrastructure agents or managers
and, aso, Red State assets managers or consultants. All of them from the fourteen
Member States. Their motto isthe union of the different national efforts under a European
common approach (EUBIM TASK GROUP, 2017).
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The investigation methodology of “Aim Analysis” as “Analytic validation” is composed
by the bottomless examination of contracting methodology (linked to risk concept),
procurement setting and BIM usages. It is displayed in the next figure;

validation ;
Procurement BIM uses

Figure 12) 3.0.1 Aim Analysis diagram (Own design)

STEP ONE_PROCUREMENT METHODS
Before the classification, it is important to know the most influencing factors in the
procurement methods (Hardin & McCooal, 2015);

- Type of project or building

- Level experience of the designers

- Therisk of the project

- When it should be completed

- Itsbudget

- If the contractor is involved during the design phase or not

- When it possible to contract the designer and builder under one agreement
- When the designer and builder share the risk, and with the client

The best way to know which one best fitswith BIM implementation isto analyse all type
of procurement methods, traditiona and new ones, through their advantages and
disadvantages among them.

Considered the most common and traditional type in contracting, DBB or Unit Price
contract reveals that the client (or owner of the project) has two contract agreements, one
with their consultant (or architect) and another with the contractor (builder) (The Joint
Contracts Tribunal Limited, 2011). There is not an overlap in the design and
construction phase. Despite the contractor is the responsible for the workmanship and
materials, the client has officially al the risk of the project (fully liability in design).
Sometimes, the client can choose which subcontractors are going to work with the
contractor (Hardin & McCool, 2015). The contractor is appointed by competitive
tendering, and they can aso be chosen in a negotiation before tendering (Accelerated
Traditiona Method). The documentation is a detailed Bill of Quantities to identify and
quantify the activities of the project’s performance (Nystrom et al. 2016), which can be
adjustable and non-adjustable quantities.
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Leverages
- AEC industry isfamiliar with the method
- It is a straightforward competition. The lowest price offer is the winner of the
tendering
- It doesn’t have legal barriers
- Theclient has control over the design thanks to the relationship with the architect
Disadvantages
- Thereis no communication with the architect and contractor during the design
phase
- Any communication means cost overruns
- Theexistence of change orders may create future gaps and errors
- Theincreasing litigation due to lack of collaboration
- Itisadow process

Theillustration of the traditional method is seen below;

OWNER W
g .

cqntract// E contract
/ w— \
= ST

time

Figure 13) 3.1.1 Design-Bid-Build Diagram (Hardin & McCool, 2015) (Cesnik, 2016)

The best time to reduce cost isin the design phase, and BIM methodology can add value
to this type of procurement. It creates a coordination between the contractor and their
subcontractors in facilities systems. There will be clearly an initial estimating process
easier for the contractor since design phase and it means a better level of clarity and
understanding during al lifecycle project (Hardin & McCool, 2015).

In this method, the client chooses a consultant for the design and cost requirements, like
in the traditional method. The owner just manages one contract with the contractor or
design builder. The contractor is, in this case, the responsibility for the design extent, even
they have their own consultants. Hence, the agreement with the client, who does not have
thewholerisk of the project, would be for design and construction, or design devel opment
and production information based on client’s consultant’s information in the tendering
documentation (Nystrom et al. 2016). Somehow like the traditional method, the
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contractor is chosen by competitive tender or negotiated agreement. There are two types
of design-build methods;

- Singledirect; design and build agreement negotiated with one contractor

- Competitive; one or more stage operations negotiated with several contractors. It

results in devel oped design and certainty of cost and timing.

In this case, this method is good at promoting collaboration because there is an overlap
between the two phases, so consultant and contractor are required as a team (the
environment is based on trust).

Leverages

- Thereis more chance for a collaborative atmosphere

- Decision contractors based on price, quantitative and qualitative decisions.
- Itisthefastest delivery method from design and construction

- Theclient only manages one contract (with a design builder or contractor)
- The contractor may manage the cost estimating throughout design process
- There are zero change orders

Disadvantages

- Itrequiresalot of trust and collaboration for the success
- The contractor spends more time and money competing for the contract
- Thismethod is not yet accepted in all places

The figure of the Design and Build method is below;

N
___tontract

OWNER
BUDGET

time

Figure 14) 3.1.2 Design and Build Diagram (Hardin & McCool, 2015) (Cesnik, 2016)

The best benefit is having constructible models during design phase. In the traditional
method, BIM is limited because models have to show “design intents”. The use of
constructible models allows a team to be proactive. Engineers and architects might use
one platform the create design models, and subcontractors may create another model to
use for fabrication. There is a difference with details but coordination. One model for
everyone to share instead of doubling the effort individually (Hardin & McCool, 2015).
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In this method, the client appoints a consultant (architect) to prepare the project drawings
and the project specification. The contractor (construction manager) is chosen by tender
and interviews, they are paid for the scheduled services, prime costs and management fee.
The construction manager faces the execution of the Works, but not necessary and
directly involved. They choose work contractors for those Works and, also, they might
accept design liability. They aso have the commitment to give GMP (guarantee
maximum price) established in the design phase, so the contractor has a risk due to this
GMP for delivering the project. If the contractor exceeds the price, they lose their fee. In
management contracting, work contractors are directly responsible to the construction
manager (The Joint Contracts Tribunal Limited, 2011).

Advantages

- Early contractor involvement

- Itaddsvaluefor the collaboration between design team and construction manager.
- Decision of the contractor isbased on price and quantitative and qualitative factors
- It alows contractor to run estimates in design (value analysis for construction)

- Construction might start before design is complete (speed up in the project)

Disadvantages

- Contractor may not be brought early enough for a significant impact

- Contractor early involvement does not mean a contractual obligation for the
design team to share their models (only the drawings).

- Contractor spends more time competing in this method (more money)

- Owner still must manage two contracts, and owns all the risk

- Contractor still change orders in construction phase not previoudy identified in
the first agreement phase, because the owner still has the control of the design

This option has an advantage over Design bid build method because the constructor can
help to resolve potential issues before construction phase, and provide an estimation cost
in design process. The figure of Construction management and Risk method is presented
here;

]
a |

——



\ contract

N
i

b

Build (Part B)

Build (Part A)

time

Figure 15) 3.1.3 Construction Management and Risk Diagram (Hardin & McCool, 2015) (Cesnik, 2016)

One limit for BIM in the method is the timing of the contractor involvement in design
phase. The constructor might be required to use BIM in his first agreement in design
phase, but not to design team to create models. It might delay constructability review. If
acontractor is brought in the last time on design phase for doing afull project simulation,
he cannot make changes or change decisions. Requiring BIM in this method, like the
others, helpsto avoid gaps and errors (Hardin & McCool, 2015).

In this method, there are some aspects that make it have a better result than the previous
options. The team includes the participation of all stakeholders, and they work
collaboratively due to their interests (EUBIM Task Group, 2017). The information is
shared at many levels; expertise and knowledge are a contributing key in the process. The
risks are shared between the owner, architect and contractor, but al so the reward, based
on the project success.

Advantages (M artinez, 2015)

- Thereareno orders for change

- Thedecisions are quantitative and qualitative, they are based on price

- Contractor can manage the cost by running estimates throughout the design
process

- Itisthe most rapid delivery method

Disadvantages

- The contractor and architect spends more time-consuming and money competing
for the contract
- Not yet accepted in al places
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Integrated project delivery method is presented here;

Owner . contract
OWNER A
BUDGET Design ek
\
|
: {7
Build S
——

time

Figure 16) 3.1.4 Integrated Project Delivery Diagram (Hardin & McCool, 2015) (Cesnik, 2016)

Project managers can play an essential role in this process with the support of the
stakeholders to adopt BIM in IPD principles. The main goal behind IPD isto exploit the
value of the finished asset, by setting incentives for the stakeholders. With the
participants' interests, collaborative design and decision making are enabled, so reducing
abortive work and enabling increased efficiency through data sharing (Hardin &
McCool, 2015). The results of the implementation BIM in IPD are;

Mutual respect and trust

Mutual benefit and reward

Collaborative innovation and decision making

Early involvement of the participants

Early goal definition

Intensified planning

Communication

Appropriate technology

Full organization and leadership (EUBIM Task Group, 2017)

CoOoNOOA~WNE

Among other applications, IPD has materialized as a delivery method that could most
effectively facilitate the use of BIM for construction projects. However, the public sector
is not still ready for implementing BIM at IPD level. Construction firms are used to
working in traditional ways, that is why changes are slow. Evaluation of the competitive
bids solely based on the low-bid award system (Porwal & Hewage, 2013). Here is the
BIM partnering proposed method compared with the traditional Design Bid Build
procurement;

——
N
w

| —



Traditional D-B-B BIM partnering

Hiring of design consultant

Direct selection

. " .
Selection method Quelifesite plizsed eslesian Qualification based selection
Design approach 2D CAD 2D-3D, BIM
Preparation of tender documents

, . 2D design
Drawings 2D designs BIM
Cost estirmation SLbsFantlve (class B) using 2D SlbsFannve (class B) using 2D

drawings drawings/BIM
Tender: 2D detailed design & BIM

Level of designs 2D detailed design (level 200)

Congtruction: BIM (level 300 +)

Contractor selection

Open tender/pre-qualified Pre-qualified

Method Lowest bidder Lowest bidder
. . - BIM capable
Evaluation criteria Qualified A/E A/E/SUbCONractors
Contract award Onre step - construction Step 1- partnerlrg award
award Step 2- Construction award

Contractor's involvement

During design and create BIM
During construction (level 300 +)
During construction

Table 6) 3.1.1 Comparison DBB with BIM partnering methods (Porwal & Hewage, 2013)

STEP TWO_CONSTRUCTION CONTRACTS

The agreement between two or more parts for the compliment of the objective of a project
they are taking part in is the best definition for a contract. In this investigation, the type
of contracting should be according to the multidisciplinary AEC/FM industry. The
category of a construction project contract is based on the price and in the cost, two
specific contracts in each category (Elshakour, 2015).

PRICE-BASED CONSTRUCTION CONTRACTS

Contractor bids a single fixed price for the works in the project scope. It isaliability for
the contractor to estimate the project cost and they add overhead their profit depending
on the price of the project. The contractor has aso al the risks, no one for the owner.
They include a percentage cost associated with the risk in the final cost. Also, they have
the incentive as an award for the early finish, but also a penalty for finishing late. Perfect
contract when the scope and schedule are well defined at the design phase because there
will be flexibility for modifications during the construction period (T he Joint Contracts
Tribunal Limited, 2011).
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The whole price of the project is calculated in unit price contract, in other words, based
on the price of each element’s unit. The contractor is paid by the rates of those items,
which are specified in the bill of quantity. Then, the owner can check if he is being
charged with un-inflated prices for some goods or services. In this case, both owner and
contractor share the possible risk, but there are no incentives for finishing earlier. This
contract has more flexibility for change orders in the design phase than in the lump sum
contract. The construction phase can start before the end of the design period, so there
will be uncertainty in the total cost, that is why this type of contract is recommendable
(NEC3, 2013).

COST-BASED CONSTRUCTION CONTRACTS

The contract comprises a payment of the actual costs, purchase and other expenses from
the work. The contractor is, in this case, paid based on the actual cost of the project
including direct, indirect costs and a specific fee (fixed fee or percentage). The owner has
all the risks and a management involvement of the project. On the other hand, the
contractor has not any risk if they finish later the works, but they do not have incentives.
This type is suggested when there is an existence of uncertainty or hesitation in the first
stages of the project. The contractor can start with the construction before design period
finishes (The Joint Contracts Tribunal Limited, 2011).

Thistypeissimilar to the lump sum and cost-plus contracts. The contractor is paid based
on the actual cost plus a fee (fixed or percentage of cost), in case the total cost does not
exceed a certain target cost required by the owner (NEC3, 2013). The contractor carries
risk in case the is an increment of the cost of the project, but also, they are rewarded with
a percentage of the savings between the target (limited) and the actual cost which is
rewarded for (Elshakour, 2015). The following table shows the key differences among
the main four types of contracts to make clear which is more suitable, according to the
owner or contractor;

Point of Unit Target
Differentiation Lump Sum Contr act Price Contract Csi RS Ceiines! Cost Contract
Rewards for any

Advantages with

respect to the
contr actor

Disadvantages
with respect to
the contractor

Advantages with
respect to the
owner

Disadvantages
with respect to
the owner

Flexibility of
design changing

Incentives for early
finish

High risk

No risk
Total cost is defined
at early stages

Contractor desire to
decrease costs may
be to detriment of
quality

Limited flexibility

Low risk

No incentives for
early finish

Share risk with
the contractor

Total cost is
uncertain at early
stages

Has flexibility to
change design

No risk

No incentives for
early finish

Can start project
without finishing
designs

High risk

Total cost is
uncertain at early
stages

More flexible to
design stages

savings between
actual and target
cost

Sharerisk with

the owner

Target cost is
defined at early
stages

Share risk with
the contractor

Limited flexibility

Table7) 3.2.1 Types of construction contract differentiation (NEC3, 2013)
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Signed by all participants, any project has the same contract, and there is not typical
contract in a multidisciplinary project-based industry like AEC. Construction contract
provides legal bidding agreement, for the owner and builder. It defines how the payment
is going to be, the duration, quality and other specifications. The process, general and
specific terms, financing conditions, requirement about safety and security and risk
management must be included and plainly described in the contracts (Trinkdniené &
Trinktnas, 2014). When the contractor is chosen and all terms and conditions are
negotiated, it istimeto choose the type of contract among all existing. The selection might
depend on a multiple criteria method. For an effective decision-making in the selection
of the type of contract, the Employer’s Information Requirement (EIR) underwrites
models which should be produced in each project stage, determining the criteria method
(Barnes & Davies, 2014). Nevertheless, the point of trust iswhich determines sometimes
the conditions and decision of the client, even when the lowest price bidder has al the
chances to get the project (NEC3, 2013). For the contract, the improvement of the
investment finally achieved, it turnsinto efficiency and productivity for the AEC industry
(Nystrom et al. 2016).). Some have determined (Trinkaniené & Trinktnas, 2014) that
the specialised information system (data) with the knowledge as evaluation and the
experience as negotiation, all together create the strategy in a contract.

After having an overall view of what risk management means in the literature, risks have
to be considered as a measurable part of the well-known uncertainty in construction
projects (Diadosz & Reyment 2015). Manageria factors are the key related to cost and
schedule, so it means time and financial consequences (Eadie et al. 2013). Its reflection
in construction contracts an effective way to keep the approach of risksin all companies
(NEC3, 2013). If the contracting conditions do not change, any task for controlling and
managing risk isworthy, so it means that risk does not disappear in the next phase of the
project (Toth & Sebestyen, 2015). Also, considered as a possibility of a loss, risk
management needs to have a procedure or methodology behind that studies the
identification of the risk, related factors, its impact, classification and an anaytical
application of a method, according to the problem, and the following review. So,
independently of the type of procurement method chosen, the client should focus, since
the concept design, in the possible external and internal effects (Nystrém et al. 2016).

Despite the quantification of the risk is an arduous work, the analysis of the risk factors
is getting more resourceful in the industry. So, therisk analysisisacrucial part of therisk
management. Its composition address identification, assessment, and decision-making
methods. Designed by Project Institute, through Project Management Body of Knowledge
(PMBOK) international standard guide of good practices, the decision-making procedure
most effective is the following;
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= Qualitative and = Current control

*Determination " +Determination = Analysis of the tatiy
of risk cauzes of event expenditure quantitative and verification
«Determination occurrence and costs of estimation of of rizk level for
of risk effects probability individual risk factors chosen variant
+ Identification *Determination variants of *DDetermination of project
of risk owner of event projects of individual
consequences variants impact

Figure 17) 3.2.1 PMBOK Decision-making procedure (Diadosz & Rejment, 2015)

For the first step of the identification of risks, or possible deviations from expectations
(Toth & Sebestyen, 2015), there are tools like brainstorming technique, Delphic,
checklists or evaluation of experts. The following matrix of risk is a good example of
visual presentation of risk identification level, organized by the probability of occurrence
and the impact factors. It iswell known as risk assessment matrix;

IMPACT LEVEL
1 2 3

2|5% - 40%

Likelihood 3]40% - 70%

L ow
Medium
High

Figure 18) 3.2.2. Matrix of level of risk (Diadosz & Rejment, 2015)

There is also another sort of matrix more developed, by “PRINCE 2” methodology.
Despite it is made by the decision maker with their own subjectivity, it is an accurate
strategy for the risks that might occur in the project. The decision maker bases their
choices in amulti-criteria approach, according to the significance they assumein the risk
assessment classification. The next table shows how arisk can be registered,;

Risk assessment
N° RISK | Owner of risk | Reason/cause Effect Probability  Impact Level of Risk | Response strategy | Cost of strategy

o

Table 8) 3.2.2 Risk registration (Diadosz & Rejment 2015)
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In a nutshell, risk monitoring and management system have the goal of being a stable
theme in the contractua environment (Toth & Sebestyen, 2015). It is possible to help
companies to evaluate their risk management in procurement period. It can also improve
the existing situation with expert recommendations. The process of risk monitoring and
management is decisive in procurement management, both linked by the cost impact
probability. Unfortunately, there is the undeniable fact that still, companies do not have a
well-developed Risk management system within Procurement Management (Serpell et
al. 2015).

STEP THREE_BIM USES

Already known the concept of “BIM”, but not about “BIM use” concept. BIM use or
application is a method of applying BIM during a project or building’s lifecycle to get
their objectives (AEC UK, 2015). It makes the information as a meaning in both
workflows and processes, so it means that a BIM use produces an impact in four factors;
estimating, scheduling, safety and logistics (Hardin & McCool, 2015), considered vita
for the following elaboration of the list of BIM specific uses in this content. All uses
should be classified for the project purpose, for the good implementation of BIM in the
project. The best way is through all stages that contain the lifecycle of the project
(Kreider, et al. 2010). This classification has benefits like organization, coordination,
efficiency in resources and sustainability. To easily identify BIM use, first it isimportant
to know about the BIM characteristics, already explained and classified through SWOT
analysis (Iskdag & Zlatanova, 2009).

Hence, BIM uses are understood by the complementation of their theoretical purposes
and characteristics, and they might be classified based on the effects of the application in
the project, but it is easier to classify in a practical way, like the stages of the lifecycle of
the project, or even based on the practical purposes that a facility manager is able to
categorize (Chong et al, 2017). When the characteristics and purposes are presented, then
the Uses list might start to be elaborated. After the authors analyses every concept of the
purposes, through the objectives, and characteristic list, it is time to determine the
classification of the implemented Uses. Due to its complexity, BIM uses cannot be
classified based on one factor or level of maturity or lifecycle stage. The first step is to
identify BIM goals and Uses. The point is defining the potential value of BIM on the
project and for the team members, through the BIM goals. Within goals, are the objectives
of the project, like the reduced schedule time, or the interoperability. Main goal: to define
the measurable goals. This guide (CICRP, 2010) has found 21 common uses thanks to
project studies or interviews with experts. Project goals related to BIM. They have to be
specific for each project, be measurable. The main connexion of al iswith 3 factors are

“reduce project schedule duration” “increasing quality” and “reducing project cost”.
Some goals might relate specific uses.
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1. Building (Preventative) Maintenance Scheduling
2. Building System Analysis
3. Asset Management
4. Space Management and Tracking
5. Disaster Planning
6. Record Modelling
7. Site Utilization Planning
8. Construction System Design
9. Digital Fabrication
10. 3D Control and Planning
11. 3D Coordination
12. Design Authoring
13. Engineering Analysis
a. Energy Analysis
b. Structural Analysis
c. Lighting Analysis
d. Mechanical Analysis
e. Other Engineering Analysis
14. Sustainability (LEED) Evauation
15. Code Validation
16. Programming
17. Site Analysis
18. Design Reviews
19. Phase Planning (4D Modelling)
20. Cost Estimation
21. Existing Conditions Modelling

Although this is the officia list of BIMs uses, in this project al those uses have been
studied, dissect and reorganised for the elaboration of a necessary survey which will be
explained in the methodology. Also, new uses have been found in recent studies about
integration usage and management. From the previous list, a newly modified list is now
that one which will be aim of the survey and following analysis;

1. Building (Preventative) M aintenance Scheduling

Building System Analysis
2. Daylight smulation

3. Asset Management
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Space Management and Tracking
4. Space management
5. Construction process Tracking

Disaster Planning
6. Risk planning disaster scenario

7. Record Modelling
8. Digital Fabrication

3D Control and Planning
9. Geographical information
10.Quiality control
11. Fileversion control
12. 3D scanner monitoring

3D Coordination
13.3D visualisation and coordination
14. Virtual reality
15.Augmented reality
16.Clash detection

17. Design Authoring

18. Engineering Analysis

19. Sustainability (LEED) Evaluation
20. Code Validation

21. Programming

22. Site Analysis

Design Reviews
23 Design checking and assessment

Phase Planning (4D Modelling)
24. Urban planning and Design
25. Site Utilization Planning

Cost Estimation

26. Cost estimation

27. Quantity take-off Estimation
28. Existing Conditions M odelling
Integration

29.Supply integration
30.Data integration

50
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31. Additional information integration
32. Design and fabrication integration
33 Issues analysisintegration

M anagement

34.Safety management
35.Risk management
36.Facility management

Thefinal analysis of each use of BIM is presented, ordered and classified among the type
of widespread use in accordance with the recent research. The classification has been
settled as straightforward activities, which might be understandable by all organizations
and population that are recently getting into BIM concept; visual, planning, programming,
estimation, detection, management, control, integration and analysis are the nine types of
uses, leaving behind the official study according to the project’s lifecycle classification,
understood by the expertise (CICRP, 2010).

Visual uses
3D visualization and coor dination
It brings the ability to navigate to the model and understand the real position from the 2D
plan. It is the introduction of 2D to 3D model, interactive and more visually developed.
Clash detection software is used during de coordination process to determine field
conflicts by comparing 3D models of building systems.
Potential value:

-1t coordinates building project through a model

-1t reduces/eliminates field conflicts

-1t visualises construction

-1t increases productivity

-1t reduces construction cost

-1t decreases construction time

-It increases productivity on site

-More accurate as built drawings

Augmented Reality
A type of view whose elements are visually increased by a virtual sensor such as sound,
record, illustration or geographic information.
Value:
-Virtual tour to next levels
-Better visualization for key participants
-Concept communication and visions for the model
-Faster appreciation of many parts the building
-Accessibility to the virtual information
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Virtual reality
A process which It allows to visualise exactly how a model would look in a rea
environment, and explore it inside and out.
Potential Value:
-1t generates a 3D environment with existing cameras, lighting and material.
-1t generates photo-realistic images or renders of the project to guide the viewers
-1t creates a map which can be exported, viewed and files.
-1t provides a faster project completion

Geographical information (G1YS)
A process which visualises, manages, analyses and collates data based on any location. It
manages assets geographically while identifying opportunitieswith less risk and adapting
to the future.
Potential Value:

-It creates accessible formatsto clarify data

-It enables to instant reaction and forecasts risks

-1t mitigates ground movement on bigger infrastructures projects

-1t facilitates the data collection with mobile technology

Daylight simulation

A process which studies and quantify the amount of sun’s light in the project with
daylighting analysis. Important key information is that the good daylight comes from the
sky, not the sun directly and daylighting metrics are useful when predicting energy
savings and effectiveness in aworkspace.

Potential Value:
-1t creates comfortable and aesthetic spaces
-1t reduces cooling and lighting loads
-1t represents contrasting times through illuminance renderings
-1t helps users to avoid errors caused by manual data while preparing simulation
-1t simplifies the 3D daylight modelling process
-1t makes the process more user-friendly

Record modelling
A 3D model holds a truthful representation of the physical conditions and environment
of afacility and its assets. This has potentia to contain information related to Mechanical,
Electrical, and Plumbing (MEP), and architectural elements.
Potential Value:

-Providing documentation of environment for future uses

-Address to reduce project delivery times, risk, costs and lawsuits.
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Existing Conditions M odelling
A team develops amodel of the current conditions of asitein afacility area.
Potential Value:
-Building documentation of historical background for future uses
-1t enhances efficiency and precision of documentation about present conditions

Digital fabrication
A process that utilizes machine technology to prefabricate objects directly from a 3D
Model. The 3D Model is spooled into appropriate sections and inputted into fabrication
equipment for production of system assemblies.
Potential Value:

-1t automates building component fabrication

-1t minimizes tolerances through machine fabrication

-1t maximizes fabrication productivity

Planning Uses
4D building maintenance scheduling/planning
The functionality of the building structure (walls) and equipment (plumbing) is uphold
during thelife of thefacility. A maintenance program improves the building performance
and reduces its cost.
Potential Value:
-1t plans maintenance activities proactively
-1t enhances corrective and emergency maintenance
-1t evaluates different maintenance approaches based on cost
-It allows facility manager to justify cost of the maintenance program
-Dynamic phasing plans offering multiple options and solutions to space conflicts.
-Integrate planning of human, equipment and material resources with BIM model
to schedule and cost estimate
-ldentification of schedule, sequencing or phasing issues

Risk planning (disaster scenario)
There is an accessibility to critical building information in a model and information
system. The dynamic information would be provided by a building automation system
(BAS).
Potential Value:

-It provides police, fire, public safety and first responders access to critical
building information in real-time

-1t improves the effectiveness for emergency

-1t minimizes risks to responders
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Urban planning and design

A process which is used for the development and proposal for development planning,
urban generation and urban specialization planning. It analyses spatial datafrom GIS and
reviews environmental elementsin the development plan.

Potential Value:

-1t helps to reduce working time and cost

-Securing compatibility among data

-It improves consistent work processes

-1t enhances project quality with integrated management of geospatial data and a
reduced environmental impact.

Site utilization planning
A 4D mode represents both permanent and temporary facilities on site, with the
construction activity schedule. The model can include labour resources, materials and
associated deliveries, and equipment location.
Potential Value:

-Genera plan for temporary facilities or material deliveries

-ldentification of critical points and time conflicts.

-It selects a feasible construction scheme

Programming Use
Programming
A process in which a 3D program is used to evaluate the project. The BIM model allows
the project team to analyse space and accomplish the standards and regulations.
Potential Value:

-Efficient and accurate assessment of design performance regarding dimensional
requirements by the client.

Estimation uses
5D Cost estimation
The model can be used to make an accurate sum approximation in the design process and
provide modifications to save time and money.
Potential Value:
-Stay within budget with preliminary cost estimate while design progresses
-Provide cost information during design phase
-Focus on value adding estimations about identifying construction assemblies,
price generation, factoring risks.
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Quantity Take Off (Material and Cost estimation)
Creation and development of material and budget assessment in the design phase.
Potential Value:
-Estimation of material quantities with subsequent revisions
-Better visua representation of the construction elements for their estimation
-Exploring distinctive design options and concepts within the budget
-Avoiding time-consuming for the estimator
-Chance to focus in future estimation issues

Detection uses
Clash detection
Including identification, inspection and reporting of obstacles in a model. Used for
checking both completed and ongoing work, it alows to walk through the model and
discover any prior collisionsin the construction site.
Potential Value:

-1t reduces the risk of human error during model inspections

-1t reduces construction cost

-1t increases the accuracy and save hours of re-work

Construction processtracking
A process which creates parameters and views for tracking maintenance. Also, using
schedules to plan replacement and preventive maintenance, and using filters and graphic
overrides to select and highlight elementsin 3D views.
Potential Value:

-1t enhances workflow

-More efficiency in tracking accuracy

-Flexibility in issue management in project environment

Management Uses
Safety M anagement
The process identifies future conflicts and risks, with a schedule program, planning
measures and with avisual presentation of the site conditions.
Potential Value:
-1t helps to eliminate construction site hazards
-1t reduces cost related to jobsite injuries
-1t reveals safety risks
-1t helps to coordinate schedules
-1t improves key participants’ safety and security training
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Space Management (conflict detection, tracking)
BIM is used to allocate, manage and track workspaces and related resources. The model
will allow the facility management team to analyse the use of the space and manage
changes during the facility’s life.
Potential Value:

-1t identifies and all ocates space for appropriate building use

-1t tracks current use of space

-1t ensures optimum use of facility’s space resources

-1t assists in planning future space needs

Risk management
A process which manages to recognize and mitigate the possible risks that a project might
get at an early stage with the use of BIM during itslifecycle.
Potential Value:
-Software and transfer limitations
-1t controlsfile storage
-1t promotes interoperability
-Schedule and cost control in design phase
-Sharing responsibilities (more communication)

6D Facility Management (Operation and maintenance)
A process which organizes management system for the repair, operation and maintenance
for the facility’s lifecycle. Facility managers can get locational information about a
problem in the building, along with complete product specifications, warranties,
mai ntenance procedures, design data, etc.
Potential Value:

-Easy visualization for repairing and maintenance issues

-Improvement in the whole-life costing evaluation of the facility

-1t helps for Inspections and other preventive maintenance functionalities.

-It maintains up-to-date facility and equipment data (maintenance schedules,
warranties, cost data, upgrades, damages, etc.)

Asset management
The physical building, system, environment and equipment must be maintained, operated
and upgraded efficiently to satisfy the owner and users with the lowest and most
appropriate cost. The use focuses on data contained in a record model to determine the
cost implications of building assets. Also, it performs and analyses facilities and
equipment condition assessments.
Potential Value:

-It provides a source for tracking the use, performance and maintenance of a
building’s asset for the owner, maintenance team and finance department.

-1t produces quantity take-off of current company assets which aids in financial
reporting, bidding and estimating future costs implications.

-It alows future updates of record model to show current building asset
information after replacements or maintenance by tracking changes
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-It aids financia department in analysing several types of assets through an
increased level of visualisation

-1t increases the opportunity for measurement and verification of systems during
building occupation.

Design authoring

A process in which a 3D software is used to develop a BIM model. At the same time, it
examines the model. Also, theinstruments for the analysis value the possibility of adding
or even modifying the information.

Potential Value:
-Transparency in the design
-Control and quality in the design, cost and timetable
-Powerful design visualization

Control Uses
Quality control
A process which coordinates and supports 4D scheduling, safety and quality management
in the project.
Potential Value:
-Improvement of design quality
-1t minimizes errors due to better coordination with documents and the team
-Lower costs and shorter lead times
-Automatic, accessible, precise and consistent information

File version control
A process which controls the deliverables documents which have been modelled and a
level of development provided.
Potential Value:
-1t ensures accessibility and interoperability between parties
-Shared coordination
-Successful identification of BIM data
-1t guarantees ownership and data security

3D laser scanning monitoring
A process which acquires building spatial datain three dimensions through laser scanner
to capture occluded areas and minimize missing data. Each scan generates a point cloud
full of millions of data points.
Potential Value:

-Increasing accuracy in projects

-It reduces errors and rework

-Improvement of quality control

-3D visualization and spatial analysis

-Response to changes
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Design checking and assessment
A 3D model is used to showcase the design and evaluate the program in factors such as
layout, sightlines, lighting, security, ergonomic, textures and colours. Virtual mock-ups
can be donein detail to analyse other design alternatives and solve design and and future
constructability issues.
Potential Value:
-1t model s distinctive design options and change real time during design review
-1t creates shorter and efficient design reviews
-1t resolves conflicts in a mock-up and model the potential fixesin real-time
-Preview of visual space and layout during design review
Code Validation
A process with code validation softwareis utilized to check the model parameters against
project specific codes. This use is not a widespread use, but it will be prevalent in the
design industry.
Potential Value:
-1t validates the building design with specific codes (like International Building
Code, Americans with Disabilities Act guidelines)
-1t reduces code design errors, omissions or oversights (time-consuming)
-Continuous feedback on code
-Reduced time by local code officials
-1t saves time for multiple checking for code compliance

Integration Uses
Supply integration
A process which regulates incorporation of the flow of material, information, money,
work crews and capital equipment among a set of strategically aligned companies.
Potential Value:

-Morereliable and transparent collaborations among the suppliers

-Supporting information sharing

-Cost and time reduction

-Communication and coordination between supply chain and team members

Data integration
A process which combines from several sources into meaningful and valuable
information.
Potential Value:
-1t reduces management risks
-Efficiency
-Reliable and up-to-date data
-Visudization and information analysis

Additional information integration
A process which combines with data integration. Information and data changes are
introduced in the model.
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Potential Value:
- It reduces management risks
-Efficiency
-Reliable and up-to-date data
-Visudlization and information analysis

I ssues analysisintegration (way-finding, crowd behaviour)
A process which introduces the analysis of possible issues like way finding or crowd
behaviour by the simulation and analysis of panic situations or spatial problem-solving.
Potential Value:

-Improvement of build environment design

-Early detection in risks during operational stage of the building

Design and fabrication integration
A process which introduces the design technology, digital fabrication for structural
components. It enables digital design-to-fabrication workflows and the use of structural
building information models for the digital fabrication of materias, like structural stedl.
Potential Value:

-Better control in manufacturing process

-Eliminated errors between design and fabrication models

-Accurate, coordinated and consistent model for sharing data

-Fully collaboration reducing costs and improves delivery schedules

Analysis Uses
Engineering analysis (Structural, energy, lighting)
A modelling software uses the BIM model to determine the most effective engineering
method based on design specifications. Information is the basis for what will be passed
on to the owner and/or operator for use in the building's systems (i.e. energy analysis,
structural analysis, emergency, evacuation planning, etc.).
Potential value:
-Automating analysis and saving time and cost
-Improve expertise, quality and services offered by design team
-Achieve optimum, energy-efficient design solution by applying various analyses
-Faster return on investment with audit and analysis tools for engineering

7D LEED sustainability analysis
A process in which a project is evaluated based on LEED or other sustainable criteria.
Sustainability evaluations can be applied across al phases of a project.
Potential Value:

-1t accelerates the design review and LEED certification process with efficient use
of asingle database with all sustainable features present and archived.

-1t improves communication between participants to achieve LEED credits and
decrease redesign efforts.

-1t aligns scheduling and materia quantities tracking for more efficient material
use and better cash flow analysis.
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-1t optimizes building performance by tracking energy use, indoor air and space
planning for the adherence to LEED standards |leading to integrated facility management
using BIM model.

Site analysis
BIM and Geographic tools are used to evaluate assets for the best possible location for a
future project. The data is used to select the best site location for the building. Through
supervision and executive management, it determines if potential sites meet the required
criteria according to the project requirements.
Potential Value:

-1t decreases costs

-1t increases energy efficiency

-1t minimizes risk about harmful material

-Faster return on investment
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METHODOLOGY




The investigation methodology of “Methodology” as “Empirical Validation” follows
with the survey proposal and elaboration, whose dissemination and subsequent collection
of data clarify the analysis of the results. It is presented in the next figure;

Survey Elaboration

Empirical Survey Dissemination
validation

Data collection

Result Analysis

Figure 19) 4.0.1 Methodology diagram (Own design)
STEP ONE_ SURVEY PROPOSAL. STRUCTURE

To raise the problem formulation, BIM uses is the |ast step this investigation has arrived.
So that flows from the need in the introduction, BIM implementation not every public
and private project, but inside AEC industry as a collaborative work-method. After
analysing BIM uses, getting to know which ones best fit with “BIM environment” is a
useful effect to establish some criteria as a final discussion. Keeping in mind the key
factors of BIM environment as a context, the proposal that flows from this investigation
and analysis is the inquiry of a survey to a specific kind of population; public body/
authorities and private firms from AEC industry are the best groups for the survey
proposal. The need of this survey is proposed because it will clear up, according to the
population’s opinion and level of satisfaction during the time they have been using BIM,
the awareness of the top uses. The following analysis of the survey will end up with a set
of criteriathat is meant to be a basic series of guidelines for the industry’s companies in
Europe. This proposal or criteria will be in the next chapter “Discussion of the results”.
The criteria environment diagram is thought like the following figure;

Figure 20) 4.1.1 Criteria Environment (Own design)
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There are severa types of methods in surveys to get the results from a population’s
valuation. Classified in two kinds of surveys, interviews and questionnaires, both can be
inadirect or indirect canal. Interview survey might be done by person, telephone or via
message, but the time factor is decisive to not take this kind of survey. The questionnaire
survey is the best option, it is more suitable to different respondents, opened in terms of
accessibility through internet and its visual design makes the number of participants to
grow up in a brief time. The questionnaire survey proposed hereis the LIKERT SCALE
guestionnaire;

1- Strongly disagree 2 - Disagree 3 - Undecided 4- Agree 5 - Strongly agree
Sentence 1 X
Sentence 2 X
Sentence 3 X
Sentence 4 X
Sentence 5 X

X

Table9) 4.1.1. Likert Scale questionnaire (Own design)

Likert Scale questionnaire is a simple kind of survey that enables a classification in odd
numbers of the answers about the participant’s opinion or level of satisfaction.
Participants can choose only one state in every sentence or question from every line of
the questionnaire and all results are measured and anal ysed.

STEP TWO_POPULATION AND INSTRUMENTS

Thesurvey isintended to be answered by aspecific group or community; AEC/FM public
authorities and private companies that BIM concept is familiar to them to be able to do
the questionnaire. For doing this survey, the companies must be classified within the type
of organization, the size and, aso, the period the companies have been using BIM.

Optional response of the name of the company; keeping in mind the confidentiality,
companies and organizations that fulfil the survey can decide about showing their
company name in the online questionnaire. It is the first question in the survey that led a
company to decide about privacy, it isthe only optional response.

Type of company; according to AEC industry reports, the most characteristic
classification about the type of companies are the followings;

-Client/Realtor; dedicated to buying and selling properties, also the consultancy about
their management.

-Surveyor; inspection and cost management of projects

-Design; taking part in architectural projects or manufacturing

-Contractor, dedicated in the construction and structural projects
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-Maintainer/Management, project and facility management
-Academic/Scientist, in the university or innovation and devel opment departments
-Others; freelance workers, combination of two or more of the previous options

Size of the company; according to the European directive where the classification of the
size of acompany, considering the number of people working there (2013/34/EU).

- Micro. Less than 10 people working there
- Small. Between 10 and 49 people

- Medium. Between 50 and 249 people

- Large. 250 or more people working there

Period the company has been using BIM; in this investigation, the period starts from
zero, then the shortest period in ayear, and straightaway, between specific years until the
top of thetime BIM has been shown up in the industry outlook.

- They are not using BIM
- Lessthan ayear

- Between 1 and 2 years
- Between 2and 5 years

- Between 5 and 10 years
- Morethan 10 years

Since the beginning of this methodology preparation, the instruments and tools which
have been used, and during the process to elaborate the survey and the following
procedures, is summarised around the technological devicesthat a University student can
have access into;

-Internet as an application software

-Windows system software

-Likert scale questionnaire virtual paper format
-Uses of BIM made as the survey content
-Gmail way of contact

-Laptop as the hardware

-Microsoft Excel worksheet

-Google Docs form
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STEP THREE_PROCEDURES

The main for contacting the companies was Internet through mass communication tools;
-In Gmail, direct and personalised messages to companies and colleagues who are already
working in the industry.

-LinkedIn; expertise open groups to spread the survey out. Also through direct messaging
among contacts that the author of this thesis hasin the platform.

-Facebook groups; same as Linkedin.

-Others; direct messages of well-known people that the author considered competent to
beinterviewed for the survey. Also, it isincluded web and social mediato reach audience.

The ways the participants have replied first as sign of acceptance to participate have been
diverse. Many them have accepted through a direct message, before fulfilling. Also, there
were willing to fill the questionnaire with no reply for confirmation. It isafact that, after
a check of the responses, there were some new ones not expected, so those were more
difficult to get how they came from, but no for the data collection. The responses were
automatically kept in Google Forms, in the same time in Google Drive cloud.

Every response was added to the previous answers and, all together, created the whole
picture of the results in a graphic visualisation, where only the author can access. Also,
the content of the virtua survey can be modified during the period companies can still
have access and abl e to participate before have enough number of responses and close the
guestionnaire. 38 were the total responses, but 8 of them were invalid for the quality of
the satisfaction scal e responses. So, thetotal sample of the data collection was 30. Despite
the reliability of the results depends on the sample size, the sample number is small but
elemental for considering the central limit theorem for statistical anaysis in the
interpretation of the results (Vargas, 2008).

The way Likert scale is measured is according to the rate from 1 to 5 as the highest level
of satisfaction. Already seen in in a nutshell in the type of chosen survey, every BIM use
explained in the analysis, is exposed one by one as a statement in the column of the
survey’s table. The participants chose the suitable number of the satisfaction scale with
an X, one by line by Use. The results of every participant are automatically collected up
for an extraction rate during this process. The results are finally together to get from the
survey application visual graphics about the statistics that have been created for that
period. Those statistics are then directly analysed and compared through an Excel
worksheet. The type of company, size and the period of using BIM are collected in a
specific graphic, and every usethey value in abar graphic, easy to visualise and compare
while having a look before checking the numbers’ results in the Excel.
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STEP FOUR_RESULTS. INFORMATION PROCESSING
PRESENTATION OF RESULTS

After the procedure explanation, the results have been collected up in graphics where all
companies’ main characteristics for the classification; the type, size and the period BIM
has been used. The type of the company previously categorised in the population last
point, has the following results; leading the representation the type of “Others”. That
probably means that the majority of the participants are involved in more than one type
of work, like the combination of two or more of the other types, that already have less
percentage on their own. Here the results of type of company of all those who have been
participating are;

@ ClientVRealtor 3,3%

@ Surveyor 56,7%

@ Design 26,7%

@ Contractor 13,3%

@ Maintainer/Management 6,7%

@ Academic/Scientist 6,7%
@ Others 36,7%

Figure 21) 4.4.1. Type of company results

The size of the company results is completely balanced, but the most significative ones
are the small and medium organizations, the most active ones, and those that will already
get a bigger impact in BIM implementation, have alot to contribute. It is a positive sign
that more than the half of the participants are in these categories. The results of the
classification of the size of the company of the participants;

@ Micro =10 people

@ Small 10 - 49 people

@ Medium 50 - 249 people
@ Large 250 or = 250 people

Figure 22) 4.4.2. Size of company results
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The period the company has been using BIM is the last visualisation result about the
identification of the participants. It is also a balanced result here;

@ Mot using
@ < 1year

O 1-2vyears
@ 3-5years
@ 5-10vyears
@ = 10years

Figure 23) 4.4.3. Period of company using BIM results

BIM USES

Based on this colour set, all BIM uses have been al so organised in bar graphics, 36 smple
graphicsto have ageneral outlook about what the companiesvaluefrom 1 to 5 level about
them;

B 1 -\ery low level [ 2 - Low level 3-DE/DA [ 4-High level [ 5 - Very high level

Figure 24) 4.4.4. Satisfaction Scale

The brief graphics are going to be analysed in the next step, Survey assessment with a
more complex visualisation of the results. All graphic results from the online survey are
in the Addendum N°4

STEP FIVE_SURVEY ASSESSMENT

VALIDITY OF RESULTS

In the period of the survey responses started with the objective of collecting up valid
responses from the organizations that wanted or accepted to participate in the
guestionnaire. Unfortunately, some the responses were clearly not acceptable for the
responses. Also, incomplete answers are invalid but, thanks for the settings of online
survey, the responses must be fully completed, otherwise any participant cannot submit.
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Some companies, 22 of the 30 who did the questionnaire, wrote the company name. It
means that they accepted to be identified for this analysis. With the identification, a
geographical statistic can be aso studied. Not all these 22 companies have alocation in
Europe. Despite the thesis is focused on the AEC/FM European industry, it is acceptable
to collect responses from other continents like America or Asia. Those ones in Europe
identified have location in Lithuania, Spain, Denmark, Germany and UK. Those outside
Europe had location in Canada, Sri Lankaand Singapore

Some of the companies were interested in the progress of this study, others were
geographically identified by their name. Despiteit is astudy that looksto Europe, having
further responsesis positive because it helpsto have new and useful approaches about the
USES.

ORDER OF THE SCALE RESULTSINTO RATED USES

For the analysis, an order should be established on the companies’ key identifications;
size, type and the period they are using BIM. Keeping in mind the motivation of this
thesis, procurement and contracting are the decisive points of the study, so the not all
BIM uses are going to be under this analysis of the results, only those ones that,
considered for this study, are truly connected with contracting and procurement methods.
Reminding the list of BIMs uses and, aso, their information and potential value of each
one, are marked. (Kreider et al. 2010).

Visua uses

3D visualisation and coordination
Augmented reality

Virtual reality

Geographical information
Daylight simulation

Record modelling

Existing Conditions M odelling
Digital fabrication

Planning Uses

4D building maintenance scheduling/planning
Risk planning (disaster scenario)

Urban planning and design

Site utilization planning

Programming Use

Programming

——
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Estimation uses

5D Cost estimation
Quantity Take Off (Material and cost estimation)

Detection uses

Clash detection
Construction process tracking

Management Uses

Safety M anagement
Space M anagement
Risk management

6D Facility Management
Asset management
Design authoring

Control Uses

Quality control

File version control

3D laser scanning monitoring
Design checking and assessment
Code Validation

Integration Uses

Supply integration

Data integration

Additional information integration
Issues analysis integration

Design and fabrication integration

Analysis Uses

Engineering analysis (Structural, energy, lighting)
7D LEED sustainability analysis
Site analysis

The final list of BIMs, according to their use in procurement and contracting phase, is
concentrated in sixteen uses.

3D visualisation and coordination

Geographical information

Existing Conditions M odelling

Urban planning and design

Programming

——
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5D Cost estimation

Safety M anagement

Space Management

Risk management

Design authoring

Design checking and assessment
Code Validation
Dataintegration

Engineering analysis

7D LEED sustainability analysis
Siteanalysis

ANALYS S GRAPHICS

Thegraphic resultsarein Addendum n° 5. Thefollowing tables are the conclusive results
of the most valued type, size and period of BIM used; First, the characterisation table
shows the percentage of each type, size and period using BIM that the participants arein;

Surveyor

Others

Maintainer

Design

Contractor  Client/Realtor

Academic

Design& Others

Total
%

2
6.67%

1
36.67%

2
6.67%

8
26.67%

4
13.33%

1
3.33%

2
6.67%

19
63.33%

Table 10) 4.5.1. Type of company

The most significant types are “Design” and “Others”, together, they are the 63,33% of
the total. Design group has major number of participators after “others”, which is the most
valuable group because of the variety and combinations of other types of companies. On
the other hand, the next table is about the size of the firms;

MICRO

SMALL

MEDIUM

LARGE

SMEs

5
16.67%

7
23.33%

11
36.67%

7
23.33%

18
60.00%

Table 11) 4.5.2. Size of company

The most valuable group in the size classification is no other than the combination of
Small and Medium companies, regarding economic issues in the market in Europe. It
means the 60% of the total of the participants. The last table is about the Period,;

Not using

<1 year

1-2years

3-5years

5-10 years

Not using - 2 years

Total
%

7
23.33%

5
16.67%

9
30.00%

4
13.33%

5
16.67%

21
70%

Table 12) 4.5.3. Period the company has been using BIM

In this study, the most significant period considered has been from zero (not started yet)
to 2 years. The importance of those who have not started yet, gives the rounded idea of
which statements have worse or best expectations, and the recent and negative impact
reflected in those that are using from less than a year until two.
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Table 15) 4.5.6 Period Results

Table 14) 4.5.5 Size Results

Table 13) 4.5.4 Type results
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The results in tables 4.5.4, 4.5.5 and 4.5.6 indicate the mean, median, variance and
standard deviation, whoseinterpretation showsthe statistical variations of each statement,
compared to the total mean of the results. These three tables are focused on the
characterisation classification of the participators in the survey. The simple mean is
defined as the average of al the numbers, the sum of them is divided by the number they
form. The median is considered the middle score. But with the median, the variance and
standard deviation (root of the variance) are meant to be a measure about how far the data
is spread apart. With the formulasin the tables for getting the variance and then, standard
deviation. The aim of the table is the standard deviation, where when they are close to
zero, they are less far from the mean. The interpretation of the resultswill be disclosed in
the following chapter as a leading analysis, according to each Type, Size and period of
BIM used.
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DISCUSSION OF THE RESULTS




The investigation methodology of “Discussion” shows how the discussion of the
statistical study of the survey results, and with the guiding references during the
assessment of the thesis, devel opsinto the set of criteria. It is presented in the next figure;

Discussion results
Discussion

Set of Criteria

Figure 25) 5.0.1 Discussion diagram (Own design)

STEP ONE_USESBIM DISCUSSION ANALYSIS

The type “Others” was considered the combination of some official types of companies,
also it has more number of responses in this survey, so “Others” was previously
considered that it has the most significative and strongest opinion about the topic.
“Design” companies have a hefty opinion and different approach to BIM software and
the survey has the second large cluster of responses, so their opinion with “Others” can
be more focused to analyse and get a conclusion from their experiences.

In general terms, there has been a wide variety of opinions about all uses, according to
the means obtained in the tables. The point of this discussion is outlining harsh opinions
from the two significative groups, weighed in every type of group. Visualisation group of
uses is in an appropriate position in the means. Almost al organizations have a good
opinion about it, hence the balanceis positive. The same baance with the Planning group
of uses, where “Urban Planning and design” is characteristic in procurement.

There is no valuation completely positive or negative in Programming Uses, neither in
Cost Estimation, so they are not considered harmful. However, Management group is
noteworthy in the survey; Safety and Risk Management have the worse opinion by the
participants. Also, in Control uses, “Design checking and assessment” and “Code
validation” have a bad judgment by companies that work for design. Any signification in
Integration uses, but Analysis group has as negative judgement in the use of “7D
Sustainability”.
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The most significant sizes for this study are small and medium companies. They were
settle on the graphic results. Despite this, there is no significant difference between the
general mean of each usage and the specific means, regarding SMEs. Considering the
Visualisation uses group, their results do not show a negative verdict to discuss, except
in “Geographical Information” usage. Planning group has also a negative result from the
mean. Although, Cost Estimation group has got good mean results in the table, according
to the size classification. Neither small companies do not think good about the usage of
Programming, nor about the group Management. Safety management has the worst
response, and space, risk manageria and design authoring uses are frowned upon by the
medium companies. Despite “Code Validation” from Control group has a low mean, it
has a positive balance for the other use “Design checking and assessment”. Integration
uses do not tell anything to discuss more than a variety of different opinions among all
sizes, like Engineering analysis, that has a good response. Unfortunately, the other two
types analysis (LEED and Site) have a genera bad judgment in that regard.

All periods are considered important in the study, but there were, in the last chapter, well-
thought-out those ones that do not have started yet in BIM implementation with no
experience opinion, but expectations they have about the uses analysed here. Also, the
group from less than ayear or between 1 and 2 years, as the ones that recently started and
have also expectation about how they are doing for their early implementation.

Broadly, Visualisation group has, like in the two previous studies, a satisfactory answer.
Despite Geographical information does not have all points to be a well valued in this
classification, the rest make turn the balance to positive as a general view. Planning use
has not a high score, but close to the median. Pointedly, Programming use has a
significant and critical opinion by those that have started using BIM, and good
expectation by those that have not used yet. Nevertheless, Cost estimation and Integration
have a favourable opinion. Management uses are still having negative points by the
companies that recently started, although other’s high expectation’s companies. Space
management and design authoring have their worst result. Even though code validation
is not well accepted for those that recently started with BIM, Control usage has a good
evaluation. Same happens with integration with BIM. Unfortunately, analysis uses have
also a bad assessment about 7D LEED sustainability and site analysis.
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According to the general classification of the uses; Visualisation and Estimation uses are
the most valued by the companies that participated in the questionnaire. Reminding that
the analyses uses from the graphics responses, this general approach enhances the
elaboration of aset of criteriafor the companies. Also, Integration, like Planning, usage
has not significative negative judgement to include as a key point in the set of criteria.
The worst uses to discuss about guideline creation are management, programming,
control (focused on code validation) and Anaysis (7D LEED and Site engineering).
Programming use is crucid in the route for a proper BIM implementation, and if
companies have a genera negative vauation, there is a need to take it as one the
references for the final criteria set, in order to a good and accurate BIM implementation
for the companies and organizations that are about to be in BIM world, and also for afast
adaptation and update for the rest of firms and groups that already started. It is the same
in the rest of the cases of BIM group uses. Before establishing the points for the
elaboration of the criteria, the following table presents al'so a key point to deliberate, the
measure of how spread the scores are out from the mean. The standard deviation shows
the amount of variation or dispersion of the data from the survey results;

TYPE SIZE PERIOD BIM
STATEMENTS
S. DEVIATION S. DEVIATION | S.DEVIATION

[3D Visualization and coor dination]

[Geogr aphical infor mation] 1.4907 1.5265 1.3593
[Bxdsting Conditions Modelling] 1.2209
[Urban planning and design] 14101 1.4642 1.2032
[Programming] 1.2019 1.3540

[5D cost estimation] 1.3976 1.3720 1.2209
[Safety M anagement] 1.2367

[Space M anagement] 15275 1.5551 1.2440
[Risk management] 1.3486 1.4608

[Design authoring] 14710 1.5435 1.4590
[Design checking and assessment] 1.3355 1.4951 1.2032
[Code Validation] 1.3892 1.3956 11792
[Dataintegration] 1.4245 1.4246 1.2440
[Engineering analysis] 1.4610 1.5038 1.2306

[7D LEED sustainability analysis] 15371 1.6017 1.4928
[Site analysis] 1.4080 13921 1.1670

Table 16) 5.2.1 Standard deviation results

Despite Visualisation group has in Geographica Information higher deviations, it has a
genera positive approach about it, also in the mean, so there is no a key point for the
criteria elaboration. Planning and integration groups have no significance in deviation,
like in general conclusion. Programming has a low deviation, regarding the size of the
companies, but is roughly a negative result to consider in the criteria. Although, Cost
estimation criteriais not included for their results, in the set, as positive outcomes likein

——

]
76 |



Visualisation group. Management uses are also involved as high score for standard
deviation, like Control usages. Despite control has no connotation in the previous table,
Code Validation will be contemplated in the elaboration set, like the specific uses of 7D
LEED and Ste Analysis. In this case, 7D Analysis has the highest deviation from the
mediain the table 5.2.1. Summarising, “Programming”, “Management”, “Control” and
“Analysis” uses will be chewed over for the set of criteria.

STEP TWO_SET OF CRITERIA. ANALYSIS

Independently the type and size of the company, al of them are the most suitable users
of this set, and this proposition should include specific guidelines and recommendations.
In this level of the thesis, it is well-known that BIM technology has to be used for the
devel opment of the building performance according to their standards from their level of
maturity. So, by this step, it is time to make a final analysis through a summary table,
which will clarify the final purpose of the study, a set of guidelines for companies and
organizations. As a conclusion, the set will be presented here as aform of visual tickets,
including its description, recommendations with a reference. The contribution might be
stimulating for BIM implementation and development for all type of companies, untried
and experienced, big and small, among others. The next table shows the visual analysis;

PROCUREMENT / CONTRACTING

STANDARDS GUIDELINES SURVEY
PRACTICAL THEORETICAL 1. VISUAL USES
Open Standards Stepped implementation 2. PLANNING USES
Model structures Definitions, background 3. PROGRAMMING USES
Digital delivery processes Cross commissions 4. ESTIMATION USES
With specific budget Continuous development 5. MANAGEMENT USES
Workshops Common framework adaptation Safety
Collaboration procedures National adaptations, under common European Space
AEC Coordmation procedures Investment in BIM resources Rk
INDUSTRY |Public and private Initiatives Transparency Design Authoring
6. CONTROL USES
ORIENTATION DOCUMENTS Design checking and assessment
PMBOK RICS documentation Code Validation
UK PROTOCOL Pennsylvania University Reports and Studies 7. INTEGRATION USES
European Commission Normative GSA Building Information Modeling Guides 8. ANALYSIS USES
Public Procurement Directive Buildng SMART news Engineering Analysis
AEN/CTN 41/SC 13" Organization of mformation models m building and civil works 7D LEED Sustamability
HandBook EUBIM Task Group for BIM in the European Public Sector Site Analysis X

The subsequent table indicates the final set of criteriafor thisthesis,

Table 17) 5.2.2 Analysisfor Set of Criteria

SET CRITERIA

Collaboration Strategy

N etworking and Attitude

Industry Pilot Project

E-Procurement

Suitable software

BIG DATA

BIM European Plans

LEAN Construction + BIM

Table 18) 5.2.3 Set of Criterialist




The following figures are the analysis, in form of tickets, of each key criterion;

KEY CRITERIA: Collaboration Strategy

: Collaborative procedures

| How the team has to collaborate for BIM successful implementation. It 1s
included documentation, commumcation and schedule, among others.

Stakeholders Meetings that encourages communication
Foster maturity level 3
Measures and targets with model delivery schedule

Enow-how sharing methodology

Figure 26) 5.2.1 Key Criteriano 1 (Own design)

KEY CRITERIA: N_ei?wa‘r?ki’ng;'an-d;AHifude

Communication, Networking, Leadership management

ON Multi-skilled and influential work team which promotes new approaches, facing
challenges and traditional methods under the same socio-cultural environment.

on and dovers for change and adaptation

Hirnng skilled BIM expertise
Strengthen communities through participation in events, media, web and social media

. UBIM Task Group Handbook 2017— Building Information Modelling Execution

Figure 27) 5.2.2 Key Criteriano 2 (Own design)
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Industry Pilot project

rapacity for risks and benefits

Ongoing education, practical traimng_ & awareness through foster pilot projects
restment in order to evaluate feasibility, time, cost or adverse events.

Follow case studies related to the project
Study functional requirements that leads a pilot project

EUBIM Task Group Handbook 2017

Figure 28) 5.2.3 Key Criteriano 3 (Own design)

C Procurement, Contracting

I BIM for e-Procurement through risk allocation policies, derivery from model
andards ior compliance of virtual tendering for the participation in the Internal Market

uropean Public Administration)

Processing digital format as main tool for transition
Required training

Assessment of all activities provided in documentation, according to BIM principles

E EUBIM Task Group Handbook 2017— Grile, Jardim-Goncalves, 2011 — European
ommission for E-Procurement

Figure 29) 5.2.4 Key Criteriano 4 (Own design)
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KEY CRITERIA: Svuitable software

C Information Technology, Software/hardware Compatibility

) )N To choose the most apprcpmt: technologic system through heterogeneity of
a.pphcatmm thmugh accessib 3

tudy the compatibility of several packages
Upgrading of softwares

Introduction of new softwares for developing and improving BIM unses

Figure 30) 5.2.5 Key Criteriano 5 (Own design)

KEY CRITERIA: BIG DATA

Information Technology

N Development of a common Big Data environment through application of the
analytic with the appropiate resources; cloud services, expertise and software. The purpose is
enhancing business value while data turns into information and knowledge.

Common database adaptation in Big data analytic

Automatic Solutions from; Machine learning, Artificial Intelligence, Data Mining and Data Science

Introduction computational expertise for developing new tools

E Correa, Is BIM Big Enough to Take Advantage of Big Data Analytics? 2015

Figure 31) 5.2.6 Key Criteriano 6 (Own design)




KEY CRITERIA: BIM European Plai

Management Plan, Execution Plan

“ompliance and development, key for effective implementation must be the following
system processes, delivery guidelines and model templates through Management and Execution plan.

_} Preparation of the Project information through gumdelines
Environment preparation, especifying BIM uses for the underway project

Elaboration of a process map for planning procedure for whole life asset

EFERENCE EUBIM Task Group Handbook 2017- Building Information Modelling Execution
Planning Guide 2010

Figure 32) 5.2.7 Key Criteriano 7 (Own design)

KEY CRITERIA: LEAN CONSTRUCTION + BIM

Management Techmques, Time and Cost Principles

[T

Simergy for achievement clients’ expected value and lead to continuous

improvement in the deliverables in projects. Client requirements; minimal wastage in the effort,
materials and time.

System Change to simplification: Lean Thinking
KanBIM new method; Lean + Just in Time + BIM (KanBan visualisation method of Flow)

Onyango, Interaction between Lean Construction and BIM (Degree Project) 2016

Figure 33) 5.2.8 Key Criteriano 8 (Own design)




STEP THREE_CONTRAST OF HYPOTHESIS

Theanalysisof BIM usesisan essential part for an effective implementation

True. After this study, the analysis of BIM isone of the first steps for its implementation.
For a basic knowledge, companies should critically analyse what BIM suppose inside the
organization.

Theuse of BIM can beintroduced in the employer’s information requirements
True. Employer’s information requirement belongs as a condition to a contract. The client
may require for BIM in the project, but, from now, Public Administrations’ expectations
have to be accomplished with the new technol ogies and methodologies, and BIM already
is considered as a part of it in the BIM protocol.

The public administration procedure is not as effective as expected about BIM
implementation

True. Despite al the initiatives, there is still a long way to upgrade a fully-complete
implementation. Recommendations and guidelines are established for years, but there are
many companies that do not know about how to start implementing.

European Commission does not show United Kingdom asa BIM country reference
False. United Kingdom’s initiatives, protocols and documentation have been promoted
by several means, like BIM Task Group. As a reference, UK’s protocol is one of the
awarded propositions in European Commission.

AEC industry istaking BIM implementation asa very low process

False. Development is now making exponential progress if it is compared years ago.
Literature review makes apparent that a lot of resources are being used and promoted in
many events, conferences and innovative meetings where implementation has still along
way to go, but it is spreading out with the modern technologies and means of
communication.

Thedecision of BIM implementation should bein the hands of the Gover nments.
False. Governments have the power to promote BIM, but private firms have their own
professional interest that may differ from Governments’. The scope of a project is one
factor to start implementing BIM, also a personal decision to change the company’s
mentality, despite sooner or later the obligatory nature will be afact.
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CONCLUSIONS




The investigation methodology of “Conclusions” finally ends up with a series of
limitations, contribution for thethesi s, and the suggestion of futurelinesfor future studies.
It isdisplayed in the next figure;

Conclusions

— Contributions

Figure 34) 6.0.1 Conclusion diagram (Own design)

In this chapter, several conclusions have been achieved after the study of the theoretical
framework, since the parametric research until the elaboration of the literature review,
key point for the understanding of the project life-cycle perspective. Other conclusions
have been considered after the analysis of the scope of this thesis, procurement and
contracting environment, and BIM usages. From those analyses, a methodology was
proposed to get specific results for, at least, the answer the aimed hypothesis and
accomplishing the specific objectives.

The achievement of the hypothesis was presented in the chapter of “Discussion of
Results”, but it can be taken into account as a contribution point in the study. Also, itis
though for including some statements as for a future line. The main objectives made a
broad outline about the direction of the study and they can be commented because some
limitationsrise at the present time. There has been aconcern about the specific objectives,
that have been successfully fulfilled. From their outcomes, they might becomefuturelines
for further research.

Bearing in mind the main objectives, the main factors were linked to the scope of the
project, whose environment is the European AEC industry. After the development of the
investigation, survey methodology and discussion of the results, the conclusions are;

-There have been many investigations about BIM application in several countries, with
different social contexts in each one. Their aim factors differ from the present study,
which it has been focused on establishing criteriaimplementation, according to European
requirements and standardisation context.

-In this bibliometric research, barely commented in these papers, new findings of
innovations have been discovered in the official academic research websites that they
suppose a huge contribution for the review of the literature research. Despite many of
them did not write about the basic information about contracts and procurements
methods, the information was accurate for the “Theoretical framework”. The objective of
the understanding of lifecycle project phases where BIM is used was achieved in the
Introduction chapter.
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-The literature review has been a keynote for the development of the theory. The
conception of the factors that comprise the problem formulation and the answer in BIM
as a solution to the presented obstacles has a concern about the many virtual and
innovative procedures in procurement, one of the general objectivesto reach.

-In the “Theoretical Framework”, several elements cover the different points that make
BIM as asignificant role for the whole life asset period, despite the topic is in the design
phase (conception, development, and technology). Another of the general objectives, the
enhancement of acknowledgment of BIM standardisation, was reached while it was
analysed, after establishing BIM environment and its influence in Europe. Also, the first
specific objective, assessing the concept of BIM, was successfully accomplished at the
beginning of the chapter.

-The chapter of “Methodology” was the most intense one, considering the chosen
procedures for its execution. The number of the answer of the survey are unexpected, so
do the opinions. The period for the getting the responses was short, but enough for the
conditions that the author was facing. The minimum number, 30 responses, was
acceptable by the author for having a discussion. The conditions depended on the time
and deadlines, quality of the responses (8 wereinvalid), and the level of understanding of
the participants about the topic and content of the survey.

-The comprehending of the topic and the survey was a critical factor for the participants,
some of them wanted to take part in, but they did not have anideaif BIM was a software
that they were working on in the companies. After explaining to some of them the
purpose, content of the survey, and even the concept of BIM through direct messaging,
the conclusion of better quality than quantity was clear. Public posting for getting more
responses was not successful, so pointing at potentia participants through professional
socia media or mailing was the most effective way to obtain results.

-The survey dissemination and interpretation of the results were widely-though with the
help of statistical analysis. The numbering of the results, further than likert satisfaction
scale into percentages, was considered for getting more accurate outcomes, that is why
the central limit theorem was chosen for a deep statistical analysis and interpretation of
the survey results.

CONTRIBUTIONS

After the main conclusions, the following contributions have been ascertained below;

-Eight key criteria for BIM practica implementation have been developed from the
analysis of the uses of BIM focused on procurement and contracting environment.
Performed by international companies and organizations through a questionnaire survey
of satisfaction, a set of criteria has been set up for this project. All each one of the key
criteriahasjust been justified in explanatory cards with the survey results, standardisation
guidelines and orientation documentation as a background insight. The criteriaresults are
the final deduction which replies some of the outlined hypothesis and offersimprovement
propositions, constraints and, also, future lines as a contribution to the world of BIM now.
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-The explanatory tickets conclude with a circle of influences about several topics; socio-
cultural topicslike Collaboration, Attitude and Networking prowess can enhancethe AEC
Industry to the change needed for better procurement methodology system. Modern
technologies also play an essentia role in the set of criteria; e-Procurement for virtual
tendering is the unbeatable bet for the European Commission for Public Administration,
Big Data is another criterion which brings the future common virtual environment
through new developing tools for BIM. Nothing better than the implementation while
being involved in the last innovations, with the best and suitable software, which best fits
for a company by the time for the bid.

-Other encouraging proposes as input for the conclusions are Project pilots, the best
excuse to start the practical training; while following similar case studies that companies
areinvolved, it helps to devel op their knowledge about what is BIM concept, deeply than
theory. The same practical training and techniques focused on time and cost are linked
into the criteria, like a formula, Lean construction and BIM addition, including in the
implementation a synergy as a solution for management uses. Thelast criteria address the
European context about Management and Execution Plans, key guidelines for the project
preparation of documentation in BIM language.

There is no other evidence of contribution than the set of criteria made after this
investigation. The results that confirm that the proposition will be involved in the general
BIM outlook are still unknown in the future, but the contributions have a future impact
somehow in the previous chapter. Straightforward recommendations in the criteria that
are considered as possible contributions for following protocols and manuals might be
the attitude and networking that the company can get the change to implementation.
Refreshing or updating will help the companies to rapidly adapt or introducing BIM, itis
akey point in the criteriawhich basically connects with many of other points, such as the
introduction of the figure of the BIM Manager or its development and advantage in Big
Data environment.

LIMITATIONSAND FUTURE LINES

The next statements are the evidence of the constraints that have been showing up in the
thesis;

-The process of the dissemination was an arduous task. Although there were many
instruments to spread the survey, the interest of the potentia participants was a huge
obstacle to face. In expert and virtual social groups, the probability of understanding of
the topic was on the top. Unfortunately, the interest of participating in a thesis’ survey
was not reflected as the time was going.

-Despite the dissemination of the survey was worl dwide to many means, messaging social
media, diverse platforms, the number of the sample was small. The quality of the
responses and the short understanding of some of the participants that made the author
put more attention and time in some participants to reply properly the survey, it was
considered that is was better few replies but good ones, than plenty of them but with
inadequate quality.
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-The perception of the participant’s opinions might not be equivalent to the reality of the
general opinion of European AEC Industry. Despite the representation is not conclusive
for considering the final indications as characteristic for the industry, it is a significant
sample to contemplate the contributions the study has given and, aso, to suggest future
lines to further studies without the obstacles weighed in this chapter.

The succeeding lines of investigation are proposed, based on this study;

-The set of criteria proposed might be used for the total integration of CAD/BIM with
Geographical Information System (described as aframework of aSmart City). To develop
and to adapt all criteriawithin every software in the market. Every possible tool used in
BIM can be under examination and develop the use of the criteria.

-New BIM uses that might be developed upcoming and added, can also contribute the
upgrading of the criteria.

-A real advance in the subject could be the expansion of BIM in al lifecycle stages,
design-eva uation-planning, construction, operation, maintenance, and demolition and
retrofit. From this progress, it will make the most in new software innovations and
methods under devel opment, contemplated since the design phase.

-Another future improvement like citizen participation in BIM simulation processes that
they are involved in would ensure a positive influence for the Industry.

-Considering Vaue Engineering ldea Bank proposal within BIM, but with its
implementation inthe BIM criteria discussed. How to cross or to compare the BIM-based
VE ldea Bank’s evaluation criteria with this thesis’ criteria set isacurrent ideathat would
encourage a growth in BIM environment.

-Taking the idea of the implementation in other disciplines, in this case, would not differ
from its goal. With a budget background established, the set of criteria can have another
kind of expansion, specifically in BIM concept growth. “City Information Modelling”
(CIM) is going further than a building performance project, and with that, the
devel opment of the goal of this project into other fields or spheres from the same domain.
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ADDENDUMS




ADDENDUM ONE_ABBREVIATIONS, INITIALSAND ACRONYMS

AEC Architecture, Engineering and Construction

BAS Building Automation System
BIM Building Information Modelling

CAD Computer-Aided Design

CEN Committee for Standardisation

CICRP Computer Integrated Construction Research Program
CIM Civil Information Modelling

CMAA Construction Management Association of America
COBie Construction Operations Building Information Exchange
CPL Cost Led Procurement

CRC Cooperative Research Centre

DBB Design Bid Build
DK/DA Does not know. Does not answer
DWF Design Web Format

EIR Employer’s Information Requirement

EU European Union
FM Facility Management

GDP Gross Domestic Product
GI S Geographic Information System
GML Geographic Mark-up Language

GMP Guarantee Maximum Price

ICT Information Communication Technology
| FC Industry Foundation Classes

I PD Integrated Project Delivery

[Pl Integrated Project Insurance

I SO International Standards Organization
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I TeC Technologic Institute of Construction of Catalonia

L EED Leadership in Energy and Environmental Design
NATSPEC Nationa Specification System of Australia
M EP Mechanical, Electrical, and Plumbing

OGC Open Geospatial Consortium

PA Project Alliancing

PDF Portable Document Format

PMBOK Project Management Body of Knowledge
PPP Public Private Partnership

RICS Royal Institution of Chartered Surveyors
ROI Return on Investment

SME Small and Medium Enterprise
SLAM Simultaneous Localisation and Mapping
SWOT Strengths, Weaknesses, Opportunities, Threats

UK United Kingdom
US United States
USACE United States Army Corps of Engineers

VE Value Engineering
WMS Web Map Service

XML Extensible Mark-up Language
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ADDENDUM THREE_SURVEY CONTENT

USES OF BIM

This survey is intented to be part of the analysis of the BIM uses in order to be an important
requirement in future building contracts. The assestment of this survey in the project will promote
the creation of a set of contractual criteria from a procurement method analysis which fits with BIM

environment.

* Required

Name of the company/organization

Type of Company/organization *

Client/Realtor

Surveyor

Design

Contractor
Maintainer/Management
Academic/Scientist

Others

0000000

Size of the company *
(O Micro < 10 people

(O Small 10- 49 people

(O Medium 50 - 249 people

(O Large 250 or > 250 people

——

100




Period the company has been using BIM *

(O Notusing
O <1year
O 1-2years
O 3 - Syears
(O 5-10years

(O >10vyears

Flease, choose that clearly reflexes your opinion about the level of significance of each BIM
use in construction projects , according to your satisfaction from your experience.

3D Visualization and
coordination

Augmented Reality

Virtual reality

Geographical information

Daylight simulation

Record modelling

Existing Conditions
Modelling

1-Very low

level

O

O Fo O g O o

——

2 - Low level

101

O

Q Ea O g O @)

3-DK/ DA  4-High level

O

O gy O e O e

O

O F O pE O o

5-Very high
level

O

O FOn O e O §e




1-Very low
level

5-Very high

2-Lowlevel 3-DK/DA 4-High level
level

O
O
O
O
O

Digital fabrication

4D building maintenance
scheduling/planning

Risk planning (disaster
scenario)

Urban planning and design

Site utilization planning

Programming

2D cost estimation

Quantity Take-off (Material
and cost estimation )

Clash detection

Construction process
tracking

Safety Management

Space Management (conflict
detection, tacking)

Risk management

6D Facility Management
(Operation and maintenance)

Asset management

Design authoring

Quality control

File version control

O el O g O ey O o O gEE O pEy O gl O el O
O g O g O i O §o O ge O pE O e O el 'O
C A O g O o O EeN O B8 O g O Ee O el O
O e O F@y O ay O e O s O gy O B O e O
O s O g O gag O oy O s O g O gy O sl O
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1-Very low
level

5-Very high

2-Lowlevel 3-DK/DA 4-High level
level

O
O
O
O
O

3D laser scanning monitoring

Design checking and
assessment

Supply integration

Data integration

Additional information
integration

Issues analysis integration
(way-finding, crowd
behaviour)

Design and fabrication
integration

Engineering analysis
{Structural, energy, lighting)

7D LEED sustainability
analysis

Code Validation

Site analysis

€ O gEl O e O FEEE O §EN O
8 O gy O e O Foa O gay O
£ O el O e O ECl O ey O
£ O & O e O FEEE O §EN O
Ch O e O e O Fal O gen O
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ADDENDUM FOUR_GRAPHICSOF GENERAL RESULTS

VISUALIZATION USES

15

10

3D Visualizalivn and Covrdinalion Auginenied Realily Vintual Realily Gropraphical Informmalion

Figure 35) Visualisation Uses Graphics (1)

15

10

Daylight Simulation ERecord Modelling Existing Condition Modelling Digital fabrication

Figure 36) Visualisation Uses Graphics (2)

PLANNING USES

15

10

40 Building Maintenance Planning Risk Planming Disaster Scenerio TIrhan Planning and Tiesign Site Ulilization Flarming

Figure 37) Planning Uses Graphics

——
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PROGRAMMING AND ESTIMATION USES

15

Programmming 5D Cost Estimation Quanlily lake-ull

Figure 38) Programming and Estimation Uses Graphics

DETECTION AND MANAGEMENT USES

15
10
5
0
Clash Delection Cunstruction Provess acking Salely Managemenl Spave Manazernent
Figure 39) Detection and Management Uses Graphics
MANAGEMENT USES
15
10

Risk Mznapement 6D Facility Managemeant Acset Maragement Dezign Authoring

Figure 40) Management Uses Graphics
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CONTROL USES

15

10

Quatiry Coarrol Fie Veshion Contral 303 laser scamning monitonng Design Checking and Assessment Code Vabdasion

Figure 41) Control Uses Graphics

INTEGRATION USES

|15

(]

Supply Intepration Data Iategration Additioral Information Intzgration Tasucs analysis Integretion Diesion and Fabricaticon [ntcgration

Figure 42) Integration Uses Graphics

ANALYSISUSES

15

Fngiresring Analvsis TN T.FFD Sustainahility Analysis Site Analysis

Figure 43) Analysis Uses Graphics
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ADDENDUM FIVE_GRAPHIC OF ANALYSISOF RESULTS
1°- 3D visualisation and coor dination

According to type of Company

[3D Visualization and coordination]

(2) Surveyor

(11) Others

(2) Maintainer

(8) Design

(4) Contractor

{1} Client/Realtor

(2) Academic

e T .
—————————n
=]
--—-——---———

o 1 7 3 4 5

Figure 44) 3D Visualisation (Type Company) Analysis Results

According to Size of the company

[2D visualization and coordination]

Large (7}

Medium [11)

Micro (5)

small {7}

Figure 45) 3D Visualisation (Size Company) Analysis Results

——
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According to period BIM has been used

[3D Visualization and coordination]

= 1yesr |5}

1-2 years (3}

3-5 yesrs (2)

5 — 10 years (5]

Mot using (7)

o L} z 3 a

Figure 46) 3D Visualisation (Period Company) Analysis Results

2° - Geogr aphical information

According to type of Company

[Geographical information]

(2) Sur;r\evor

(11) Others

(2) Maintainer

(8) Design

(4) Contractor

(1) Client/Realtor

(2) Academic

o i 2 S 4 5 -}

Figure 47) Geographical Information (Type) Analysis Results
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According to Size of the company

[Geographical information]

Large (7}

Medium (11)

Micro (5)

small (7}

Figure 48) Geographical Information (Size) Analysis Results

According to period BIM has been used

[Geographical information]

< 1 year {5}

1-2 years [9)

3-5 years (4)

5— 10 years (5]

Mot using (7]

Figure 49) Geographical Information (Period) Analysis Results
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3°- Existing Conditions M odelling
According to type of Company

[Existing Conditions Modelling]

(2) Surveyor

(11} Others

{2) Maintainer

(8) Design

(4} Cantractor

{1) Client/Realtor

(2) Academic

r
w
S

wn

o 1

Figure 50) Existing Conditions Modelling (Type)

According to Size of the company

[Existing Conditions Maodelling]

Large (7}
Medium (11)
Micro (5)
Szl [7)
o 1 z a ) 5

Figure 51) Existing Conditions Modelling (Size)
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According to period BIM has been used

[Existing Conditions Modelling]

< 1 year {5}

1-2 years [9)

3-5 years (4)

5— 10 years [5)

Mot using [7)

o 1 a 3 a4 5

Figure 52) Existing Conditions Modelling (Period)

4°- Urban Planning and design

According to type of Company

[Urban planning and design]

(2) Surveyor

(11) Others

(2) Maintainer

(8) Design

(4) Contractor

(1) Client/Realtor
[2) Academic

=}
=
&
w
=
w

Figure 53) Urban Planning and Design (Type)
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According to Size of the company

[Urban planning and design]

Large {7}
Medium ﬂll:l e —
Miicro [5)
Small {7)

a
]
w
"

Figure 54) Urban Planning and Design (Size)

According to period BIM has been used

[Urban planning and design]

=1 year |5}

1-2 years [9)

3-5 years [4)

5 —10years (5]

Mot using (7]

o

-

(Y]
w

Figure 55) Urban Planning and Design (Period)
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5°- Programming

According to type of Company

[Programming]

(2) Surveyor

(11) Others

(2) Maintainer

(8) Design

(4) Contractor

O ii I Client/Realtor O

(2) Academic

[=]
=
[X]
(7]
S
un

Figure 56) Programming (Type)

According to Size of the company

[Programming]

Large {7}

L]
A ——
o £ e
Medium (11)

Micro (5}
—

Smzll (7)
I
o 1 ] 3 '] 5

Figure 57) Programming (Size)
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According to period BIM has been used

[Programming]

< 1vyear |5}

1-2 years (3)

3-5 years (4}

5 — 10 years {5)

Mot using (7]

o 1 2 3

Figure 58) Programming (Period)

6°- 5D Cost Estimation

According to type of Company

[SD cost estimation]

(2) Surveyor

{11} Others = —————

(2) Maintainer

(8) Design

(4) Contractor

(1} Client/Realtor

_— e
(2) Academic

1] 1 2 3

Figure 59) Cost Estimation (Type)
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According to Size of the company

[5D cost estimation]

Large {7}
Meadium ‘ll:l [—————— ]
Miicra [5)
Szl 7}

a 3 r 3 4 5

Figure 60) Cost Estimation (Size)

According to period BIM has been used

[5D cost estimation]

< 1year (5}
—_——
1-2 years [9)
s ————— . —
3-5 years (4)
5 — 10 years (5)
Mot using (7)
o 1 2 2 3 5

Figure 61) Cost Estimation (Period)
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7°- Safety M anagement
According to type of Company

[Safety Management]

(2} SUNVEYOT p——

(11) Others

(2) Maintainer

(8) Design

(4) Contractor

(1) Client/Realtor
(2) Academic

=
=
=]
ta
=
5]

Figure 62) Safety Management (Type)

According to Size of the company

[safety Management]

Large {7}

Medium (11)
Micra (5)
Small {7}

a
i
w
-
n

Figure 63) Safety Management (Size)
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According to period BIM has been used

[Safety Management]

< 1year (5}

1-2 years [3)

3-5 years (4]

5 —10 years {5)

Mot uzing (7]

(=]
-

2 3 &

Figure 64) Safety Management (Period)

8°- Space Management

According to type of Company

[Space Management]

(2) Surveyor

{11) Others

{2) Maintainer

(8) Design

(4) Contractor

(1] Client/Realtor

(2) Academic

=]
[

2 3 4 5

Figure 65) Space Management (Type)
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According to Size of the company

[Space Management]

Medium (11)
Miicro (5)
Small {7)

Figure 66) Space Management (Size)

According to period BIM has been used

[Space Management]

< 1 year (5}

1-2 years [9)

3-C years [4)

5— 10 years (5)

Mot using [7)

1 2 3

Figure 67) Space Management (Period)

=1
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- Risk M anagement
According to type of Company

[Risk management]

(2) Surveyor

(11) Others

[2) Maintainer

(8) Design

(4) Contractor

(1) Client/Realtor

(2] Academic

2 3

Figure 68) Risk Management (Type)

(=]
[

According to Size of the company

[Risk management]

Medium (11)

Micro (5)

Small {7)

Figure 69) Risk Management (Size)
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According to period BIM has been used

[Risk management]

< 1year [5)

1-2 years (3)

3-5 years (2)

5 — 10 years (5)

Mot uzing (7]

(=1

2 3

Figure 70) Risk Management (Period)

10°- Design Authoring
According to type of Company

[Design authoring]

[2) Surveyor

{11) Others

{2) Maintainer

(8) Design

(4) Contractor

EIj E; IE!"IE Eea for

[2) Academic

Q
-

2 3

Figure 71) Design Authoring (Type)
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According to Size of the company

[Design authoring]

Large (7}

Medium (11)

Miicra (5)

Smzll [7)

2 3 Ll 5

Figure 72) Design Authoring (Size)

According to period BIM has been used

[Design authoring]

= 1vyear {5)
N
|
1-2 years (9)
N
- |
35 years (4] I
5— 10 years (5]
—_—
Mot using (7]

o
-

2 2 4

Figure 73) Design Authoring (Period)
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11°- Design checking and assessment

According to type of Company

[Design checking and assessment]

(2] Survevor

(11) Others

(2) Maintainer

(8) Design

{4) Contractor

(1] Client/Realtor

(2) Academic

] 1 2 3 4 5

Figure 74) Design Checking and Assessment (Type)

According to Size of the company

[Design checking and assessment]

Large {7}
A
D et 0 B e | el
S
Medium ‘113 ——

Micra [5)

Smali {7)
a 2 f | 4 5

Figure 75) Design Checking and Assessment (Size)
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According to period BIM has been used

[Design checking and assessment]

<1 year (5}

1-2 years [9)

3-5 years (4]

5 — 10 years [5)

Mot using [7)

Figure 76) Design Checking and Assessment (Period)

12°- Code Validation
According to type of Company

[Code Validation]

(2} Survevor

{11) Others

(2) Maintainer

(2) Design

(4} Contractor

(1) Client/Realtor

(2) Academic

(=]
=

2 3 4 5

Figure 77) Code Validation (Type)
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According to Size of the company

[Code Validation]

Medium (11)

Micro (5]

Small (7)

a 1 z a

Figure 78) Code Validation (Size)

According to period BIM has been used

[Code Validation]

< 1 year {5}

1-2 years (3]

3-Gyears (4]

5 — 10 years 5]

Mot using (7]

&
N
w

Figure 79) Code Validation (Period)
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13°- Data integration
According to type of Company

[Data integration]

(21 Surveyor

(11) Others

(2) Maintainer

(8) Design

{4) Contractor

{1) Client/Realtor

(2) Academic

0 1 2 E 4

Figure 80) Data Integration (Type)

According to Size of the company

[Data integration]

Large {7}

Medium [11) ——

Micra (5)

Small (7}

Figure 81) Data Integration (Size)
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According to period BIM has been used

[Data integration]

< 1 year (5}
1-2 years {9)
L il
————
3-5 years [4)
—_—
5— 10 years [5)
Mot using [7)

2 3

Figure 82) Data Integration (Period)
14°- Engineering analysis

According to type of Company

[Engineering analysis]

(2] Suryeyor ————————

(11) Others

(2) Maintainer

(8) Design

(4) Contractor

(1] Client/Realtor

_——
{2) Academic

iy

4] 1 2 3

Figure 83) Engineering Analysis (Type)
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According to Size of the company

[Engineering analysis]

Large {7}
Medium ‘11] I
Micra (5)
Small {7}

[=]

2 I 4 5

Figure 84) Engineering Analysis (Size)

According to period BIM has been used

[Engineering analysis)

< 1year (5}

1-2 years (3)

3-5 years (4)

5— 10 years [5)

Mot using [7)

a

1 F] 3 2 5

Figure 85) Engineering Analysis (Period)




15°- 7D LEED Sustainability Analysis

According to type of Company

[7D LEED sustainability analysis]

(21 Survevor

(11) Others

(2) Maintainer

(8) Design

{4) Contractor

(1] Client/Realtor

(2) Academic

(=]
-

2 3

Figure 86) 7D LEED Sustainability Analysis (Type)

According to Size of the company

[7D LEED sustainability analysis]

Large {7)

Bedium [11)

Micro [5)

Small {7}

1 z 3 5

Figure 87) 7D LEED Sustainability Analysis (Size)
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According to period BIM has been used

[7D LEED sustainability analysis)

< 1 year (5}

1-2 years (9)

3-5 years (4)

5 —10 years (5]

Mot using (7)

Figure 88) 7D LEED Sustainability Analysis (Period)

16°- Site Analysis

According to type of Company

[Site analysis]

(2] Survevor

(11} Others

{2) Maintainer

(8) Design

(4) Contractor

(1) Client/Realtor

(2) Academic

[=]
-

Figure 89) Site Analysis (Type)
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According to Size of the company

[Site analysis]

Large l?} ——

Bedium (11)
Micra (5)
Small {7)
|
a 1 E] 4

Figure 90) Site Analysis (Size)

According to period BIM has been used

[5ite analysis]

< 1year (5}

1-2 years (9}

3-5 years [4)

5 — 10 years [5)

Mot uzing (7)

.

2 e

Figure 91) Site Analysis (Period)
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ADDENDUM SIX_PERIODIC TABLE OF BIM
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