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FORORD (Swedish)

Denna rapport bygger pa ett samarbete mellan NCKhiReoch hallbar utveckling,
Chalmers tekniska hogskola ocbustainable Built Environment National Research
Centre (SBEnrc) i Australien vilket syftar till att hittanya vagar att lyfta
anlaggningsbyggandet.

Det praktiska arbetet med efterforskningar, intgevjoch dokumentation har utforts av
Evelina Hjalmarsson och Maria Hoier genom ett exasagbete inomDesign and
Construction Project Managemermpd NCC Teknik och hallbar utveckling samt
Institutionen for bygg- och miljoteknik, Avdelningefér Service Management, pa
Chalmers tekniska hégskola.

Arbetet omfattade litteraturstudie, fallstudier $antervjuer. | detta ingick en resa till
Australien for att dar utfora fallstudier och komikontakt och intervjua personer som
dagligen i australiensiska byggforetag arbetar rBéfl i anlaggningsprojekt samt
personer pa SBEnrc som &r involverade i det aiskeaforskningsprojekteintegrated
project delivery — Productivity Gain through IndysfTransformation Det &r fran denna
resa som huvudparten av resultatet presenteranad@pport baseras pa.

| examensarbetet, och fér utvecklingsprojektet,Balelina och Maria rikta speciellt tack
till examenarbetshandledaren pa NCC, Christina iagonsson, samt pa Chalmers,
Petra Bosch, for handledning, goda rad, underlagrtietet, alla kontaktytor, samt all
praktisk hjalp med bl a arbetsplats pa NCC och tilsaustralien. Vidare tack till Keith
Hampson och Adriana Sanchez Gomez pa SBEnrc fdp hjioch med vistelse i
Australien samt expertis i amnet, samt till all gmral i byggprojekt som stédde i
fallstudierna. Slutligt tack till Malin Anderssorcio Ilkim Gorgulu som hjalpte till med
att granska examenarbetet.

Projektet vill speciellt tacka Svenska Byggbransshdtvecklingsfond, SBUF, och NCC
Construction Sverige som med sitt stod har gjorinui@ligt att genomfdra denna studie.

Studien presenteras har pa engelska inklusive emskwsammanfattning.

Goteborg mars 2015



SAMMANFATTNING (SWEDISH)

Byggbranschen ar i behov av att effektivisera byggpssen och man ser BIM (Building
Information Modelling) som en viktig mojliggoraredrf battre kommunikation och
minskade kostnader. BIM ar en virtuell informatiorelell/informationsmodellering som
beskriver konstruktionens alla ingaende delar oetasl egenskaper samt forhallandet
mellan dessa. Ser man pa infrastrukturprojekt, dih@ch i Sverige och Australien, sa
ar anvandandet av BIM idag relativt ovanligt. Vagsh introducera BIM ar inte helt
sjalvklar och det kravs en del forandringar i pktgem och dess organisationer. Bland
annat att bor man omférdela resurser och arbet#, \dasa beslut, sa att dessa kommer in
tidigare i projekten. Dessutom behdvs ny kompesom kan bidra med kunnande om
modellorienterad informationshantering. Och da maamlar olika discipliners
projektering till en eller flera informationsmodmll s& behover dessa i grunden
samordnas, ocksa tekniskt, med bland annat kontatiterforingsformat.

Syftet med denna SBUF studie ar att via fallstudiedersdka hur man har anvént sig av
BIM i tva infrastrukturprojekt, ett i Sverige ockt @ Australien. Studien utfors som en del
av ett examensarbete i ett samarbete mellan NCQiKelch Hallbar utveckling och
Chalmers tekniska hdgskola i Goteborg samt SugiknBuilt Environment National
Research Centre (SBEnNrc) i Australien. Det ausinalska projektet utgors av Moreton
Bay Rail Link (MBRL) dar man har anvant sig av 3INBmodeller i byggandet av en
jarnvéagsstation och det svenska utgors av en eapidrbifart Stockholm. | MBRL drev
arkitekten pa att anvanda BIM och i det svenskgegtet var detta ett krav fran
bestallaren, Trafikverket.

Genom fallstudierna har flera omraden av fordelah aitmaningar identifierades.
Konstaterade nyttor ar framst forbattrad kommumdkati projekteringsfasen och mot
produktion, vilket underlattar samsyn i projektek. clash controls som hittar fel och
krockar innan dessa nar produktionen, samt mojlegha att kunna ta ut 2D ritningar
direkt ur 3D modell. Man kan konstatera att foramgirmot BIM behdver ett nytt tank i
process och organisation samt nya roller med "modehterad” kompetens. Aven om
bagge projekt har visat goda resultat genom atéraaer sig av BIM sa aterstar anda en
viss skepsis mot anvandandet av tekniken. Det #@Ord&iktigt att i projekt tidigt
forankra arbetet med BIM, vad som skall goras, bamt vad som forvantas ut av det.
Det ar ocksa viktigt att utveckla upphandling agjpkt med BIM och att fortydliga dess
nytta i projekt. Bagge projekt visar att IT-mognadgenerellt, och BIM-mognaden
specifikt, ar ganska lag. Det ar tydligt att utvidolen mot BIM kraver en stark drivkraft.
Bade i Sverige och Australien, samt i flera andrader, pagar nationella initiativ for att
lyfta BIM i byggprojekt. | Sverige kraver Trafikvieet, en offentlig bestéllare med ansvar
for byggande, drift och underhall av statliga vagel jarnvagar, BIM i alla sina projekt
fran och med 2015. Sadant krav finns inte i dentralisnsiska motsvarigheten,
Department of Infrastructure and Transpoéiven om man har ser BIM som en naturlig
del av byggande och forvaltande i en nara framtid.



SUMMARY

The construction industry is in need to streamiitseprocesses and recognizes BIM
(Building Information Modelling) as a facilitatooif better communication and reduced
costs. BIM is a virtual information model that delses the design, its including part,

their characteristics and the relationship betwem. The use of BIM in infrastructure

projects is still however generally rather uncommbime road to introduce BIM requires

not only a technical changeover but also changesrganizations and competences.
Projects need to reallocate resources and workites, as well as some decisions earlier
in the process. New skills are needed that carriboie with expertise on model-oriented

information handling and management. Technicallgured advances include for

example the ability to merge and coordinate difiergesign areas information models
and common exchange format.

The aim of this SBUF project is to examine the asBIM in two infrastructure projects,
one in Sweden and one in Australia. The study ixlgoted as a part of a diploma thesis
in collaboration between NCC Engineering and Chanténiversity of Technology in
Gothenburg, and the Sustainable Built Environmeatidhal Research Centre (SBEnNrc)
in Australia. The Australian project, the MoretomyBRail Link (MBRL), have used
3D/BIM models in the construction of a railway statand the Swedish project, one
phase of the Stockholm Bypass project, have uséd iBlthe construction of a new
motorway link. The driving force to use BIM in thBRL project was the architect and
in the Swedish project BIM was a requirement frdma tlient, The Swedish Transport
Administration (Trafikverket).

Identified benefits from using BIM in both projectare primarily improved
communication in the design phase and between mlemngl production, facilitating
understanding about the project, clash controlingnding and handling errors and
conflicts before they “reach” production — and lgeable to extract 2D drawings directly
from 3D/BIM models. We can note that a change tow&IM requires new thinking
regarding processes, organization and new rolekidimg "model-oriented" skills.
Although both projects have demonstrated good t®suking BIM so remains
nevertheless certain skepticism about the techgologs therefore important to establish
the BIM work process firmly and early in projectsvhat is to be done, how, and what is
expected out of it. It is also important to organigrocurement with BIM and to
communicate the expected gains. Both projects stidwat the IT and BIM maturity
level is rather low. It is clear that the realipatiof BIM requires a strong driving force.
Both in Sweden and Australia, as well as in sevetlaér countries, national initiatives
are underway to lift BIM. The Swedish Transport Adistration {rafikverke}, a
government agency responsible for the long-terrmrptey of the transport system,
requires the use of BIM in all their projects agnfr2015. Such a requirement does not
exist in the Australian Department of Infrastruetand Transport, although they see BIM
as a natural part of the building and maintainihghfyastructure in the future.
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NOTATIONS

AlA — American Institute of Architects

BIM — Building Information Model or Building Inforation Modelling
CAD — Computer Aided Design

D&C - Design and Construct

ICT — Information and Communication Technology

IPD — Integrated Project Delivery

MBRL — Project: Moreton Bay Rail Link (Queenslancfgartment of Transport and
Main Roads, Australia)

QTMR — Queensland Transport and Main Roads, Auatral
TMR — Department of Transport and Main Road, Adistra
2D — Two dimensions: x and y

3D — Three dimensions: x, y and z



1 INTRODUCTION

1.1  Background

The common interest in the construction industryneking the building process more
efficient. One solution is to invest more time amdney in the earlier stages of the
projects. Precise planning and designing the olvpratess in detail decrease the risk of
making mistakes further on in the project. Anotimeportant step is to move away from
the traditional 2D- and document-based way of wagkand instead introduce BIM
models for delivering building projects. The useBdi in the construction industry has
increased during the last years (Linderoth, 20b8), has, however, only marginally
affected the way we are working (the processesichwhmore or less, still are the same.
We are therefore yet to see the real productivity quality gains and economic benefits
of the change.

When using BIM-technology, one or several parta pfoject are constructed digitally in
a virtual model (Eastman, 2011). By this, modelmupcan be used in the design phase,
and improve analysis and control in a project.ddition to design models there are also
models that include information regarding time piag, financial management,
calculations and simulatior{8IM Alliance, 2014). When working with BIM it isseful

to define different levels of BIM as well (Buildinfpformation Management, 2011).
There are three levels from 0 to 3 and the purpbskefining them is to categorise types
of technical tools and techniques that are usedreMuformation about the different
levels can be found in chapter 2.

The benefits of using BIM have been discussed titrout several studies and one of the
most visible benefits is within in the design phésederoth, 2013). However, there is a
need of noticeable positive results in the produrciphase to get the companies more
interested.

There is a large amount of literature on BIM thaiarily highlights the benefits of the
technology (Eastman, 2011). BIM has primarily begplied in larger infrastructural
projects such as building houses, hospitals, aritesf Since infrastructure often
comprises large and complex projects with manyngast involved and focusing on a
long term perspective including maintenance, the ok BIM might be beneficial to
study. Companies in the construction industry aitkng to increase the use of BIM, but
they also want to have a guarantee that the usé\oiwill be beneficial for the project.
Companies are not willing to risk something thagimiwork if they can choose a safe
alternative were they have knowledge and earligreggnces. This study is therefore
important and will hopefully contribute and helpngoanies in the construction industry
to clearly see the effects generated through teetiBIM.



1.2  Objectives

The main aim of this study is to investigate howe tlise of new information and
communication technology, such as Building Inforioat Modelling (BIM), affects
infrastructure projects. The objective is to givele@arer view of the effects of using BIM
in the earlier stages of infrastructure projectsyvall as define the concept and levels of
BIM. Through this, organisations receive better Wiealge of the importance of
implementation and usage of BIM in more efficierstys, and also understand what level
of BIM that is required for different projects asthges.

This study is part of the on-going research colfabon between Sustainable Built
Environment National Research Centre (SBEnrc) irstrglia and NCC Teknik och
hallbar utveckling (THU) and Chalmers UniversityT{d) in Sweden. The study focuses
on the design processes and the implementatioewfinmformation and communication
technology through two case studies based on angemureview and interviews in
Australia and Sweden. A cross-country comparatnedysis was executed to detect and
define similarities and dissimilarities between tiogintries.

The two projects chosen for the case study werthéatime) both on-going infrastructure
projects — the Swedish project still in an earlggst of the design process and the
Australian in the production phase — where the wfeBIM were a central point in
respective project planning.

1.3 Problem definition

The use of BIM in the house building industry ipicy growing, but the use of BIM in
infrastructure projects is still relatively low. &fe is a lack of knowledge, however, both
theoretical and practical, about BIM in infrasturet projects.

This research aims to gather data and build anrstadeling of the current situation
through a cross-country analysis of the use of BiMinfrastructure projects and
investigate how implementing new information ananoaunication technology (ICT),
such as BIM, affects infrastructural projects. Bhea this, following main question and
research questions have been defined:

Main question:
How does the implementation and use of new ICTgh&M, affect infrastructure
projects during the design phase?

Follow-up questions:
What does the design process in the specific itrtresire projects look like?

What types of procurement arrangements regardiMaé used in the projects?
At which level is BIM implemented in the differeptojects and how is it used?
Can specific effects of the utilisation of BIM lentified in terms of usage?



2 THEORETICAL BACKGROUND

2.1  Design process

The design process is basically divided into fiveages, (i) architectural program, (ii)
schematic design, (iii) design development, (ivhstauction documentation, and (v)
construction. Most crucial decisions are made éndérlier stages of the design process.

In a large and complex project, especially, it $&ful to practise collaborative design
with BIM. This requires numerous individuals andgps cooperating throughout the
design process. It is important for all involvedrjs to share their information and
organisational design tasks (Chiu, 2002). When aumrof designers, contractors and
suppliers collaborate their work with BIM they skaheir information with each other
(Geospatial Today, 2014). The project team canldpvand share their BIM models to
improve the quality of the capacity. This colladora process provide a deeper
understanding and the models can be used in aaviagcilitate the collaboration among
the involved parties, from design through constanct

Earlier studies have shown that issues of the desajaboration often are found in the
process, team works and the design settings bufothes to the organisation is often
forgotten. Chiu (2002) argues that a structuredamigation can simplify the design
communication and contribute to better achievemeitthe project. Since design
processes involve a diversity of stakeholders,efaample, clients, architects, contractor
and structural engineering, there has to be a aohstxchange of information and
knowledge during the process. It is important tdemstand how the people are organized
in the process, how the organisation affects th@noonication and if the computer
systems can facilitate the collaboration. To sapecific problems and to achieve goals,
a dedicated design organisation has to exist

2.2  Information and communication technology (ICT)

Information and communication technology (ICT) dstss of different types of new
computer-based tools to enhance the management raifitezture, engineering,
construction and facilities industries (Froese, D0® tool like this could be building
information modelling (BIM) which has the main poge to enhance effectiveness and
efficiency of designing and managing constructionjqrts.

Communication is often perceived as a major diffictor design collaboration. Next to
face-to-face communication, the construction induist also looking more and more into
the use of ICT and BIM to support the design precéwdicators for projects success in
terms of knowledge work could be communication amtdraction (Bosch-Sijtsema &
Henriksson, 2014). Communication and knowledge veark partly be supported by ICT.
The construction industry is a project-based ingusthere complex projects are



performed in which many different stakeholders iak®lved. ICT can support a part of
the collaboration between the different stakehalder

Bosch-Sijtsema & Henriksson (2014) points out eastudies that show how difficulties

appear in projects-based industries of extractaigtributing and applying knowledge

across both cultural and structural boundariess Tiikes it more complex to cooperate
when the knowledge is averse, situational and lpeashbedded. In regard to knowledge
work, communication and interaction aided by IClicts as BIM and 3D models, are

observed to be indicators for project success.

Another aspect that the literature highlights iattbommunication is one of the main
concerns in the construction project environmemt. cbnstruction projects, many
stakeholders are involved in the design processgexample, contractors, clients and
architects. The need for information and knowledgehange is in all projects extensive.
Recent developments include ways to increase irdbom and knowledge exchange. For
example, new working methods supported by conctiderign, extreme collaboration
and the use of BIM. Basically, these different wogkmethods purpose is to improve the
interface between stakeholders involved.

Studies regarding ICT implementation have resulted identification of key
implementation drivers and difficulties (VacharaaReupap & Walker, 2006). In the
construction industry these are crucial when progda strategic view of the
implementation of ICT success. The studies alsatpdi out barriers that prevented
adoption to ICT in the construction industry, fotample low knowledge of ICT and
insufficient investments. Few studies, however ngxas the implementation constrains
of ICT in the perspective of innovation diffusion the organisation, work team and
individual level (Vachara Peansupap & Walker, 2006)

The process to introduce new ICT to an organisateom be described as ICT diffusion.
Unwillingness to participate in this process canesga at several different levels:
personal, organisational or at group level. In otdemprove ICT diffusion, however, it

is vital to gain a deeper understanding of theudifin constrains and finding ways to
overcome them.

2.3  Building information modelling (BIM)

A large amount of the communication in constructpnjects today is document- and
2D-based (Eastman, 2011). This way of working ofiesds to errors and deletions
occurring and can cause delays and costs.

The implementation of computer-aided design (CABtems started out in the 60s and
70s in the architecture, engineering and constnctindustry (Jongeling, 2006).
Basically, engineer’s 2D drafting work was speedledby electronic drawing boards. 3D
modelling applications already existed at this tiooe were expensive and offered limited
potentials to increase efficiency. In the 80s #ehhology developed and it became also
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more commonly to access a personal computer insteathinframe computer systems.
This made it possible for the CAD software devetspgnd dealers to branch out in the
construction industry, advancing towards a broakaption of 3D modelling software
systems during the 1990s. The technology has ff@n tontinued to develop beyond a
geometrical representation in three dimensions @Dhclude designing “objects with
contents”, or Building Information Models (BIM). €implementation of BIM within the
construction industry has in the recent years emsxd significantly.

2.3.1 What is BIM?

When using BIM technology, one or several parta pfoject are constructed digitally in
a virtual model (Eastman, 2011). BIM provides gne@mises for improve analysis and
control in a project, as well as boosting a coreniriway of working including multi-
disciplinary design development. When BIM is apgligell in a project it enables an
improved integrated design and construction prqcasshermore better quality and
reduced time and cost (Eastman, 2011).

“Building Information Modelling (BIM) is a set ohieracting policies, processes and
technologies generating a “methodology to manage éksential building design and
project data in digital format throughout the buid's life-cycle.”(Succar, 2009)

It is important to have a clear definition of whaM is and why it is used. In addition to
design 3D-models there are also models that includermation regardingtime
planning, financial management, calculatioasd simulations(BIM Alliance, 2014).
Sometimes confusing whether the acronym “BIM” meémsun) Building Information
Model or (verb) Building Information Modelling.This report uses the definition
(Eastman, 2011): “a modelling technology that eroésathe process of communication,
produce and analyse building models”.

Four criteria have to be fulfilled:

(i) Object-oriented components in the model that ireludformation about what
they are.

(i) Properties are linked to the components in the madermation about how they
behave.

(i) Data in all views in the model is coordinated.
(iv) Consistent data and interactions between the diffexomponents.

When using BIM, different ways of working are remal; the focus on the lifecycle of a
building or structure changes the way of creatisigaring and using data (Eastman,
2011). Using BIM also affects support of the fagilindustry by stakeholders such as
architecture, engineering, construction, real estatvnership, and finance within the
facility lifecycle. BIM can accomplish great advages during the whole lifecycle of a
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project (Teicholz, 2013), being used throughoutvithele project to save time, effort and
money not only in designing and building but alsodperation and maintenance.

2.3.2 Levels of BIM

When working with BIM it is useful to define diffent levels of BIM to clarify the
concept (Building Information Management, 2011)eQvay is to identify and categorize
different levels from the information contents aegresentation. Below figure illustrates
the BIM maturity levels 0-3 acknowledging step-lgps impact that both data and
process have on BIM. A brief summary of each BIMelas listed below the figure.

CAD

Drawrings, | °* LevelO
lines

2D, 3D
Models, e Level 1

objects

2D, 3D
Models,
objects * Level 2

Integrated
models

BIM * Level 3

Figure 1 Levels of BIMArchiTECT-BIM, 2013)
Definitions of the different BIM maturity levels:

Level O: This level contains unmanaged CAD, most likely 2oth paper and electronic)
(Building Information Management, 2011). Often usadgl a tool to communicate
alternative design and visualize the project (DRRi&wv, 2010).

Level 1:CAD in 2D or 3D format that have been managed lgydhsign team (DPR
Review, 2010). Typically 3D models for conceptuasidn during the early project stages
and for visualisation of the finished project faegentation to the client, however not
used collaboratively between project participants.

Level 2: 3D environment with attached data is managed wli¥l ®ols and the detalil
lever is higher (Building Information Managemer®12). This requires production of 3D
models by all key members of the design team.
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Level 3: At this level the model has the capability to tés¢ construction, perform
various analyses including data from different gesrs.

2.3.3 BIM impact

Implementation of BIM in organisations has sociahpact on individuals, the
organisation itself and the profession (Deutsci,120By understanding how the social
communication, culture and collaboration impactghenfirm the implementation of new
technology such as BIM will be much smoother. Demtg2011) is referring to
Autodesk's Phil Bernstein who says:

"The productivity and economic benefits of buildinfprmation modelling (BIM) to the
global building industry are widely acknowledgeddaimcreasingly well understood.
Further, the technology to implement BIM is readilsailable and rapidly maturing. Yet
despite the obvious benefits and readiness of Bifvare, BIM adoption has been
slower than anticipated. Why?"

When introducing new technology like BIM it is essal to consider what changes could
appear within the organisation (Linderoth, 2013).céntral part regarding this is the
understanding of the interaction of new technoldgyensions, the organisation where
the new technology will be implemented and the piggtions environment.

Among design professionals the adoption of BIMas widespread, even if an uptake of
the new technology has happened rather quickly €2ty 2011). In cases where the
adoption has been successful it is typically duddman factors. In contrast, typical
“human-factors” that would prevent technology admptare incorrect attitudes and mind
sets.

Advantages with BIM that have been acknowledgedoupow can mainly be associated
with the design phase (Linderoth, 2013) for exaniptedetecting collisions, which later
could cause problems and additional work, and éardinating AEC work. More good
examples are using visualisation for design feekllaad to validate design requirements.
Greatest positive impact of BIM can be found on thality, cost and schedule of
construction projects

2.4  New ways of working

Project delivery of large projects consists of eliint integrated content and software
through standardized processes, which form a digitaastructure (Jaradadt al, 2013).

In order to provide high quality data to owners aperators, use of ICT is motivated.

Good project management systems have always beesedefor clients to manage

projects teams successfully. Equal importance cofrm®s being able to create an

efficient collaborative environment. One facilitatmuld come from using new ICT and

BIM tools to support collaboration and exchangenédrmation. This, however, requires

all involved parties involved in the process to i the way they work and processes
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towards a more collaborative approach. When usiflg ®ith the main purpose to
enhance effectiveness and efficiency of designimgj managing construction projects,
changes in work tasks and skill sets of the teamminees in a projects is required.

Using new ICT that are increasingly complex reciitigat the information system must
be clearly managed with a high degree of collalmmaand integration across project
tasks. Projects within construction are complex tdude amount and interdependency of
their components, further project management mettstdve to increase integration of
different project views by making these interdeparaies clear. As a result of this,
difficulties often appear when adapting these n€# systems to current practice, and
vice versa. For example, Jara@atal (2013) describes how professionals can perceive
large digital systems as not as flexible as pe@pld could therefore be sometimes
unreliable, time consuming and interfering to ajgeb Certainly, new integrated digital
systems are seen as helpful in several ways butireeqnore integration across
professional roles and simultaneously professiohalge to handle new challenges and
issues.

2.5  Integrated project delivery (IPD)

IPD is a project delivery approach that uses thpedise and views of all project
participants through all phases of design and cocisbn (AIA, 2014). It is a way to
optimize the project results, increase value todivmer, reduce waste, and maximize
efficiency through the phases of design and coastmu (AlA, 2007). Integrated projects
are characterized by key project stakeholders embtemble into an “integrated team”
supported in teamwork by open and collaborativekvpnocesses and tools.

The process starts with early inputs of knowledged axpertise from the involved

stakeholders and the information is openly sharéld teust and respect. The risks are
collectively managed and appropriately shared betwthe stakeholders. The reward
system is based on the team success in combindtiorthe project success.

Communication is mainly digital using virtual mosieduch as 3D and BIM. The IPD

principles can be included into formal agreement®ncourage, promote and support
open sharing collaboration with risk sharing.

The American Institute of Architects (AIA) createdtered guides and has formed
agreements for three different levels of IPD (AR®14):

(i) Transitional Forms

Existing agreements have been used as a basisnonfew arrangements that
offers an easy and understandable step into IPD

(i) Multi-Party Agreement
An agreement that can be used to design and cotistrwsing IPD
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(i) Single Purpose Entity

Creates a limited liability company that allows quete sharing of risk and
rewards in a fully integrated collaborative process

An integrated approach to the building process ban developed through early
collaboration and the use of BIM (AIA, 2007). TheMBtechnology allows a more

integrated and virtual approach to the design amgtcuction of a project, increasing the
opportunities for a successful project.

The AIA, for example, works actively with other @ruction industry stakeholders and

leaders and the public and private sector promdhegoenefits to facilitate to transition
towards a more collaborative approach in constoagbrojects.
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3 METHODOLOGY

This study is part of the on-going research colla@bon between Sustainable Built
Environment National Research Centre (SBEnrc) irstralia and NCC Teknik och
hallbar utveckling (THU) and Chalmers UniversityTig) in Sweden.

3.1 Process overview

This research aims to determine productivity besefienerated by implementing

Building Information Modelling (BIM) in transporinfrastructure construction projects.

The research focuses on the design processes apdaturement arrangements through
two case studies based on a document review aad/iews in Australia and Sweden,

with the aim to find practical results applicable ®ther projects. A cross-country

comparative analysis was used to investigate imgatqwoductivity through the use of

BIM.

Carrying out the study (as a part of a master sheerk) the methodology was divided in
seven steps as shownhkigure 2 Methodology appliedFigure . 2Initially, the
objectives of the thesis were defined into a pnobtéefinition including some research
questions. Work started out with a literature revte establish a theoretical framework,
define some key terms and definitions, define astdl#ish area of study as well as case
studies. Interview questions were formed basedbpectives of the study and conditions
of the cases. Same questions were used in bothtrgédas and Swedish) cases. The
interviews were carried through and additional infation was gathered and analysed.
Once compiled, the outcome of the reviews and isdies was discussed and is
presented in a discussion chapter. Concluding hesnare presented in chapter 5
“Discussion and Conclusions”.

Problem definition

N

Research questions

N

Literature review

N/

Case Studies and Interviews

N/

Process results

N/

Discussion

N

Conclusion

Figure 2 Methodology applied
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3.2 Methods

Research design and research method are two adpettsre important to separate
(Bryman & Bell, 2011). Research design describesg tie collection and the analysis of
data will be performed, while the research methefinds how the data was collected.
The gathering data consist of two major methodaljiiive and quantitative research. A
gualitative research aims to give a deeper undeistg of attitudes and ideas were
words are more important, in comparison to a gtetnte research were statistic and
mathematic methods are used to give a wider scopefarmation. A case study is a
common research design supporting qualitative dali@ction, because of the detailed
information that is gathered.

The information in this study was collected by twase studies and a total of ten
interviews.

3.2.1 Case studies

A case study aims to make a general statement anecese description of a case (Flick,
2009). It is problematic to identify a case thasignificant for the research questions.
When extent findings are generalized it is congdess a weak source in a qualitative
research. In order to discover the variation arel differences of case studies, it is
important to include a small number of cases. Garspective is to choose similar cases
and try to find similarities and patterns for gesations. Another perspective is to
choose cases as different as possible to enablerajenonclusions and to find
similarities.

This report is based on two case studies, one ird8w and one in Australia. The
selection of the cases was carried out in collgmrawith Curtin University in
consultation with Chalmers University and NCC Camndion Sweden. One important
selection criterion was that the cases would nedaetas similar as possible in order to
compare them across two different countries.

The cases have been chosen because of constrpct@ct’'s location, type and size.
Since the aim of the report is to compare the ns8weden and Australia, the projects
naturally had to be located in these countrieshBwbjects are infrastructure projects in
the earlier phases of the project using BIM asrenfof communication in planning and
design.

3.2.2 Qualitative data collection

Qualitative data collection has been carried oubbugh interviews with people
professionally connected to the two cases (consbrugrojects). Interviewees were
categorized into (i) client or client representatiyii) designer, and (iii) contractor in
order to provide different views to the questions.
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The interviews in Australia were carried out wiglghfrom the research assistant Adriana
Sanchez atSBEnr¢ aided in contacting companies involved in the thalmn
infrastructure project and organized the meetinigs thie interviewees. The interviews in
Sweden were carried out in a similar way with Hedon NCC.

3.2.3 Interview questions

The interviews followed an “in-depth semi-structlirenterview approach”, which,
according to (Gilmore & Carlson, 2007), follows easonably unstructured pattern and
has an approach that allows the respondents tailobegbeir opinions and views instead
of simple answer e.g. yes or no. Basically, thigrapch helps to (i) cover a wider area of
interest, (ii) identify and explore the key issuasd (iii) provide opportunity for further
examining.

Basic information about the companies and theiraigation were collected before
interviewing. This information provided basic knedfe and enabled the refining of the
interview questions. The interview questions candbaded into four categories: (i)
background information of the infrastructure proj€d) use of BIM in the project, (iii)
knowledge of BIM in the project, and (iv) resultsrh using BIM.

3.2.4 Interviewees

The interviewees were chosen from (i) having a kelg within the infrastructure
construction project (ii) having knowledge and exgece of the use of BIM in the actual
project, (iif) having access to relevant and cdrieformation that could be used as basis
for the case studies, and (iv) being willing to tmgpate in an interview.Table 1
categorizes interviewees and the companies thek foor

A total of ten persons were interviewed, five in &slen and five in Australia. The
interviews were held at respectively company offi@nd each interview took
approximately one hour to conduct. All interviewsere audiotaped with the
interviewee’s permission.

Table 1 Organisations and roles that were intenadvin the projects

Actor Role Australia Sweden

Client Organisationy Project Manager Queensland Trafikverket
Transport and Main

Roads
Designer BIM coordinator | Hassel AF
CAD System Aurecon Grontmij
Manager
Contractor Site Engineer Theiss NCC (not

procured)
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3.3  Analysis

Information from each case study was analysed atggrand thereafter a cross-country
analysis was made. The information from the peréatrmterviews was the main source
for the analysis. The results from the case stude® compared with each other. First,
the benefits and challenges by working with BIM avetentified. Therefrom, the cultural
differences between the countries were studiecéoifsthey affected the process when
working with BIM.

The main purpose of conducting a cross-county aglyas to study the similarities or
dissimilarities between the countries. Both Austraind Sweden being countries with a
rather low habitation in comparison to its sizesitteconomies are relatively strong, the
economic development is similar to each other, lawith countries are monarchies with
similar political climate.
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4 RESULTS FROM THE CASE STUDIES
4.1  Australia, Moreton Bay Rail Link

The first case study took place located outsidstBme in the Moreton Bay region in
Australia. This region is one of the fastest-grayiocal government areas in the country
(TMR, 2010a). Shopping centres, childcare centnelssahools are being built to keep up
with the increasing interest in this region, ang thevelopment requires public transport
for the inhabitants. New constructions and infiasttiral changes have an impact on the
nature and it is important to maintain a high ewmwinental standard to lower the
environmental impact.

The Moreton Bay Rail Link is a public transport jex that will provide the region with
a high volume passenger rail line (TMR, 2010b). Tai line will be 12,6 kilometres
long and will have six new rail stations along theck. A shared path for cyclists and
pedestrians will follow the whole rail line to féitate the line access.

The Australian Government, Queensland Governmedtthe Moreton Bay Regional
Council provide the project economically (TMR, 2@8L0The Queensland Government,
through the Department of Transport and Main Ro@d4R), is responsible for the
delivering of the project. The project is plannedbe completed in 2016 and deliver a
cost-effective and faster travel alternative.

The tendering for the project consisted of foupstéQueensland Government, 2014).
The first step was the release of the projects B&igior Proposal and an outline to the
procurement process. Thereafter, four tenderere wbhortlisted, and in the third step
these four tenderers became two and had to dedesigns and submit cost proposals.
Finally, on August 12013, the chosen contractor was awarded the antraesign and
construct the Moreton Bay Rail Link.

Implementing BIM in the project

In the early stage of a project, before commendgign work, it is essential to define
and establish the project objectives. As commehtethe architect, “it is very important

to know what level of BIM is going to be used i throject, and also what detail level is
required”. As a response to this, early in the glesivork, the architect produced a
document “BIM framework”. This document, which lateas included to the client

agreement, defined what was expected from eachuttans regarding models and/or
drawings. It defined the purposes and uses of théets as well as how they would be
produced and maintained. All of these aspects alwotking processes and BIM and 3D
were agreed on before project start by all team bezs

The Moreton Bay Rail Link contract initially reqadt a delivery of 2D drawings, but the
architects decided at an early stage that the coxtpl of the project required
communication with 3D/BIM models in order to proéue successful end result. Because
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of cost reasons only one railway station was medeh 3D. The design of that particular
railway station was however similar to the othefsiocr made it possible to use it for
promotion and information activities.

A federated modglassembled 3D model) was produced by the architest 3D basis
from architecture, hydraulics, electrical and stnual designers. To be able to work with
BIM in the project different software programs ased. A variety of designers’ software
programs were used: AutoCAD and Revit for 2D and @iDdels, Navisworks to
assemble models, collaboration, coordination, ctasttrols and for design reviews. Civil
engineering design used the 12D model system. iadit “local” software programs
used in the project are SPACE GASS and BlueVievagsembly models from different
designers). Navisworks has been especially ustfelarchitect mentioned, to facilitate
collaboration and to assemble multi-disciplinarjormation in an effective way. The
clash control function made simplified the procef<error finding not only locating the
errors but also made it easier to handle them.

Use of 2D and 3D models on site

The federated3D model was available for use for everyone onlibiding site. The
surveyor on site received models which were handigdhe 12D model system and the
Terramodel system, which is a surveying tool tmatibdes surveyors to set out the project
coordinates. One practical approach of this wdmkaransports of material to the design
model via the survey model system, Terramodel,caddinates.

BlueView, an internal GPS-compatible communicatiool was used at the construction
site to access 2D drawings extracted from AutoCAId 42D model system. Design
progress and progress updates in all areas cowddpesvise on distance via laptop, tablet
or similar. The GPS-function in BlueView helpedltcate changes on-site. The system
also allowed communication setup including for epéertaking photos, using FaceTime
(videotelephony) and distribute documents. Thistesys was widely used by the
managers, for example, to get “quick answers” testjons and to introduce new staff to
the site. Using tools as BlueView is a new expewetior almost all staff, which
demanded some change in work setup and performéineas however an appreciated
tool facilitating being involved in the work procgsfollowing the progress and to
document files and events for later use.

Benefits

Both the project manager and the architect stdtatithe most outstanding benefit with
the use of BIM are that many construction issues loa solved with clash detection
before production. BIM also facilitated in the dgsiwork uncovering a variety of other
“construction-related” issues that would later agopen site.

The level of collaboration in the project can begidered high. Different consultants
produced models which later were put together a@rmamon model, &deratedmodel.
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Much of the work took place at a project-commoniceffin the vicinity of the site.
Working closely was considered a great benefitifating coordination, communication
and collaboration, saving valuable time and efftotshe project.

The Terramodel system made it possible to trackmhbeerials and trucks on site. This
improved and facilitated for a lot of logistic aspge and preparations. Possibilities for
communication improved which help solve minor angionissues or just communicate
about the ongoing construction. FaceTime convensatwere a new experience for most
staff but, however appreciated especially for geighroblem-solving purposes.

Challenges

One of the biggest challenges of using BlueViewoisorganize the great amount of
information channelled through the system — to s€g@ght and enough information at
the right time. There were some problems in corbpay between information systems

that occasionally challenged exchange of files. pitigect manager explained, however,
that most challengers can be found in humans’ bebhawand their attitude “No one is

ever happy, it is always a problem”. It is easwrfind error or obstacles than try to
comply with what resources that are available n@kire best of the situation.

To use the tool BlueView as efficient as possiblequires an understanding and of the
system, including administration, and to handleagemount of information into models
(BIM). Because of lack of time and resources, wagkivith BIM was sometimes of
lower priority. The BlueView system was howeverraad help in this process.

4.2  Sweden, the Stockholm Bypass

The Stockholm Bypass is one of Sweden’s largesastiucture projects. The project,
which started in 2006 (TRV, 2014a), is a new rdotethe European highway (E4) past
Stockholm. A new link west of Stockholm has beerdarninvestigation for several
decades and a large number of different altermrathase been studied. To reduce the
impact on sensitive natural and cultural environteejust over 18 km of the total of 21
km of the link are in tunnels. When the link opémstraffic it will be one of the longest
road tunnels in the world. By 2035, the Swedism$port Administration (Trafikverket)
estimates that The Stockholm bypass will be usedgpyoximately 140.000 vehicles per
day.

It is estimated that the population in the Stockihoégion is going to increase with 400
000 inhabitants in the following 20 years (TRV, 2B) This increase of population
requires a new and fully working traffic system ahd project Stockholm Bypass aims
to give new transportation opportunities. The Shatk Bypass will help to decrease the
traffic pressure in the central parts of the cityd also other road accesses to Stockholm,
since there’s only one road between the northeththe southern parts, and this road
passes through the central part of Stockholm.
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Implementing BIM in the project

The head of major projects at Trafikverket decidédn early stage in the project that
BIM should be used, although there were no detailsttuctions about how and to what
extent. The technical manager for the Stockholm aBgpand two more staff at
Trafikverket saw the opportunity and started totakeup how to implement BIM in the
project. It ended up that the (consultants) cotdgratated that BIM was not mandatory
although 3D and BIM models were required for insjpec Trafikverket requested
however that the consultants should be able toleana new roles in the project, model
coordinator and “model pilot” with knowledge andpexience of BIM software to be
used in order to support other project membersveryelay work and to develop skills.
This collaboration aimed beyond current projecirtdude also future projects. Later
development of the design work included to use 8@ BIM design in all areas. Some of
the consultants had worked with 3D or BIM beforether projects and others were less
experienced. None of the consultants complaineditatitos development, though. The
technical manager believed that all consults didastually understand the situation and
what was demanded from them. Thus, once the wariesl, some consultants had to
learn new tools and this new way of working. Theimdifference from working
traditionally with 2D was considered to be that yymnerated 2D drawings from the 3D
model and that the work load was more focused &aalrer phase of the design process.
It was also said that the “BIM process” requiredi@ser collaboration then a traditional
“2D-process”.

Level of BIM

All consultants were required to deliver BIM mod&lgh a predefined level of detail,

LOD 200 equivalent to that the model element ipgieally represented within the BIM

model as a generic system, object, or assembly apibroximate properties such as
guantities, size, shape, location, and orientatdmn-graphic information could also be
attached to the model element. Linking between aifjéen different models was not
possible. This information and information abountemts of the BIM models were

instead defined in the file information.

The use of BIM

Trafikverket developed at an early stage virtualitg models from 3D models to be used
in design review. Some of the designers made 2@idgs directly from the VR-models,

one example being sketching on the bridge strustuBeth BIM/3D models and the later
developed VR models were used to extract 2D andiBi®s to discuss future solutions
and to make decisions. They were considered a tpedptto explain the ideas of the
future design. An elaborated 3D-model was producedhow the project in full — as

planned to be. Model information contained for eplamfacts about the ground
conditions linked to certain areas.
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Trafikverket and the consultants continued to syppé project with BIM models and
gradually developed the working process into motaborative “BIM processes” where
the models as such also are used in a higher ddgreexample, clash controls, reviews,
specifications quantity take offs. Over time nolyanformation was added to models but
also removed as its purpose was gone. As-built modere fitted as requested by
contract and delivered in appropriate file formfats exchange and documentation. As-
built models were also used to facilitate operatemmd maintenance. Adding and
subtracting information over time was generally pblem. There were however
problem with linking of objects or group of objeet#thin models when aggregated with
other models as the linking often disappeared & ali@red. This ended up in quite some
extra work for the consultants and client.

Benefits

Several benefits from working with BIM were idergd. The consultants benefitted most
in the design phase and the contractor in the mtaztuphase. One of the benefits when
working with BIM in this project was improved coamdtion, surely, but not proven,
saving time and money. There were also noticedldets on design errors as they were
decreasing, and keeping the information up to datk coordination with other parts of
the Stockholm Bypass project, setting the foundafiow later and further use of BIM.

3D models were used to communicate with the pubilits was especially useful when
explaining complex design or the “full picture” tfe project to the public as well as
project participants. 3D and BIM models were alsedifor collision detection and for
safety work, reducing errors before the producpibase.

There were some difficulties in the project in coameating with BIM and 3D models.
Most often this was due to unfamiliarity with theots and working “3D” instead of
“2D”. From the clients” side the process of gettipepple used to work model-based
started early in the project to continue into theages of reviewing and approving
consultants design work. Unfortunately, IT knowledg still in general low and even
working with basic viewers can meet resistancaevanking with more advanced project
review software, model coordinators and the, stedatmodel pilots” aided other staff in
handling the program and its functions. It seemié@ Ithe client, Trafikverket,
overestimated their employee’s capabilities to feadd work with models.

Challenges

The greatest challenge for all project participamés basically to work object-oriented

instead of with drawings. There were no standaddecesses and work activities that
could guide people through the project so this hadbe tried out and established

gradually, which of course have taken its cosinmetand efforts. There were also some
difficulties in exchanging data between differeasigin and visualisation tools.
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The project management was nevertheless satisfigd thhe model-based design
delivered from the consultants. The consultantdehe first to technically adopt
working with BIM and thus understand and furthevealep its benefits in working
processes.

Constraints in public tendering prohibit the clieftrafikverket, to set up certain
conditions regarding BIM. For example, they cantetand certain BIM or 3D tool or
exchange format. Of course, being “software ne€uismimportant for a public client,
even though it has some effects on not being ablplan and define specifics of
information handling at an early stage. There dse aome difficulties to see to that
information and systems are compatible throughbetcourse of the project, especially
considering larger and more complex project suchhés lap of Stockholm Bypass.
Therefore, from a “BIM process point of view” it éssential that collaboration works to
that extent that all project partners can see @t their information handling is
compatible to what other partners use, and to Wieaproject requires. That could mean
adapting to new systems, tools and ways of workiirgsent, Trafikverket, as a public
client, are trying to find new ways — legal andgtical — to include BIM in the tendering
process — to being able to control the chain afrimfation from initial idea and sketch to
operation and maintenance.

When the project started is was decided it wouldupeto each consultants to decide
which software programs and “local” formats to uséheir design work. This led to that
approximately 35 software programs were in usena stage. Trafikverket made the
compromise to allow any type of software for dedigm for information exchange using
a common exchange format. This had some effectaateln information contents as the
“local” formats sometimes was not fully compatiklgh the exchange format. Defining a
common exchange format had however the benefitsitthegas indeed common so that
everyone knew what to plan for in regards to fasthing information handling.

4.3  Cross-country analysis

At time of writing, the projects in the case stwdiare at different stages in the
construction process. The project in Sweden, tloekBblm Bypass, is still being built
and the project in Australia, the Moreton Bay Railk (MBRL), is in the production
phase. The results from the Stockholm Bypass projegrviews cover information about
an “early stage implementation of BIM” covering pibject stages. The results from the
MBRL mainly contain information about the use of 3Bodels and BIM in the
production phase. During the design process thataot in the MBRL project requested
for a BIM framework, but was met with little enthasm from the project manager,
mostly due to lack of time and resources and Iktlewledge about the financial aspects.
In the Swedish project, however, the client, Traditket, had BIM as a requirement for
the design work. Expected effects of implementinigl Brere:

() Improved collaboration between the different cotasubk and actors in the project
(i) Clash controls during the design phase
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(i) 2D-drawings directly from the BIM
(iv) Implementation of existing useful ICT and open dtads
(v) Difficulties and challenges in new ways of working

Interviews in both projects confirmed use and “ubedss” regarding (i) and (ii):
improved collaboration, clash controls and visuians. Especially clash controlling —
finding and handling problems before they occurtles building site — was thought to
have greatest potential for saving time and mo@ee could speculate that finding and
assessing design errors is more tangible than Gusat collaboration”, which is why the
effects of clash controlling are more noticeabldsoAgenerating 2D drawings from
3D/BIM model (iii) was confirmed to save a lot aht and work.

As regards who is the driving force for BIM in aopct there is a clear cultural
difference between the two projects. In Austrdlme, role of the architect is significantly
stronger than in Sweden. In the MBRL project it waes architect who delivered most of
the BIM, especially for the railway stations. Tm#luence from the architect as regards
BIM was not as strong in the Swedish Stockholm Bgpgaroject, not being the same
driving force for BIM. Estimating the financial ge from using BIM were not possible
at time of writing since both projects were stiigning and no estimations had yet been
carried out. One could however conclude from therinews, in both projects, that the
success rates were high in using BIM. One shoulte,nbowever, that a direct
comparison between the projects is difficult sinbey are in different stages of the
construction process. Both projects showed thah ¢éiveugh it was decided to use BIM
they still were depending on people as driving éotc see it through. It seems as the
possibilities of reaching financial gains is nobegh to perform the necessary changes in
process and work. BIM is undoubtedly starting toetaff, but maybe not as quickly as
expected. In some countries, for example Austrgb&ernment and industry associations
are being urged to help speed up the process. Rh&avernment has specified that all
central government departments will be requirethttmpt fully collaborative 3D BIM (in
terms of BIM maturity, this is Level 2 BIM which raes, among other things, that all
project and asset information, documentation artd daworked on electronically and
collaboratively) on their projects as a minimum 2846”. This decision to make BIM
part of its procurement policy has however met vgitime scepticism. Finland, being a
pioneer in BIM, now requires the use of BIM for gonment procurement, and Sweden
following these footsteps and also initiated cotexkrefforts to increase a nation-wide
implementation of BIM. This led to the launch o&thon-profit organisation OpenBIM
(now BIM Alliance) in 2009 to establish BIM standarin Sweden. Public organisations
such as the Swedish Transport Administration (Kvafiket) also mandated the use of
BIM from 2015 ( (Trafikverket, 2013)) as part ofeth nation-wide efficiency program
(Albertsson, 2013). As part of their strategy, ikaérket also developed legal guidelines
on digital deliveries for construction works in lkeddoration with construction sector
players via the Svenska Byggbranschens Utvecklimgsf(SBUF, Swedish National
Construction Industry R&D Organisation) (SBBEnro12).
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5 DISCUSSION AND CONCLUSIONS
The purpose of this study was to investigate tleeai€IM in infrastructure projects.

Even though Australia and Sweden are two ratheitegimountries, there are still a lot of
differences between the countries. The countrieue diverges which might affect the
working process. In Australia the architect hawstranger role than the architect have in
Sweden. It was especially clear when studying at uee of BIM, in Australia the
architect was the one pushing for implementingghéii level of BIM.

The people in the MBRL project in Australia wererfr an early stage very positive
about BIM and the use of visualisations in the @cbj This presented high expectations
to the study and gave an indication that they veavare of the benefits from working
with BIM. The interviews showed however that théuat benefits from using BIM were
not considered as high as expected. Contrary ind8wewhere people initially were
more cautious about their expectations from BIM.r&sleghe interviews instead that
people were more satisfied about the benefits &fl,Bihich were much higher than
expected.

Development of new ways of working

As discussed earlier, when working with new techgg] change is required to project
success, protocols and practices (Jaradal 2013). Both projects, the Moreton Bay Rail
Link and the Stockholm Bypass, put a lot of effedrk in adapting the work procedures
to BIM. The client of the Stockholm Bypass projentafikverket, looked further towards
coming projects and their main goal is to implerm®i in all of their future projects. A
full implementation requiring new working procedsi@nd guidelines. Working with new
ICT such as BIM is complex and adapting to the rteshnology must be clearly
managed with a high degree of collaboration anegration across project tasks. Using
the BlueView tool was a great help in the MBRL puadjto handle the 3D/BIM models
and to adapt to using the new technology. By uBilhgview they could collaborate in a
new way and take advantage of 2D- and 3D-drawingsniother way than it had been
done before in other projects. Also, the combimatb BlueView and Terramodel made
the work on the construction site more efficientl amade it possible to use models in a
new way of work.

Development of new roles

As described earlier, Jaradztal (2013) explains that new roles can be developeghwh
professionals works closer in projects. Large digiystems can however be perceived as
not as flexible as people and can therefore sonestine unreliable, time consuming and
interfering to a project. In the Stockholm Bypassjgct it was a requirement to include
two new “BIM roles” — a “model coordinator” and anbtdel pilot” — to support the
consultants during the project. When the projeattstl, the consultants had to learn the
new tools and the new way of working, to help wihat they had a model coordinator
and a model pilot. In previous chapter it was dbscr that technology like BIM with
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integrated data that reform the delivery processetbpment of new roles with a greater
knowledge is required during the project. Due ®ithinor implementation of BIM in the
MBRL project, the development of new roles in thej@ct was not the same extent as in
Stockholm Bypass. Knowledge regarding the new RlokView was needed but there
were no new roles in the project.

Public organisations

Both projects included public organisations asntlidrafikverket in Sweden and the
department of Transport and Main Roads (TMR) inthals. The fact that both the

organisations are public may influence how to camy changes. Public organisations
finance their projects with money from the societyd therefore they have harder
restrictions on the procurement process. The puydsbcurement act is a way to control
the process and allows all companies in the ingusr participate in the tendering
process. The process is more time consuming thaprieate organisations, but it is a
non-discriminating process were companies get dmeesopportunity to participate and
be equally treated ( (Sveriges riksdag, 2007)). Care argue that public organisations,
with primary focus on people and communities irgeseand not short-term financial
gains, are better equipped to invest in new waysh sas with BIM-technology, of

working.

Benefits
The study can conclude following benefits from gsab models and BIM:

() Increased understanding by team members throughligation
(i) Clash controls during the design phase
(i) 2D-drawings directly from the BIM (in the StockhoBypass project)

In the MBRL project both the project manager and #nchitect states that the most
essential benefits with the use of BIM are thatstarction issues can be solved with
clash detection before it comes to the construcsite. Further, the model could also
cover unknown issues that will come up later othm project. As explained previously,
BlueView and Terramodel make it possible to trduk trucks and materials on site. This
is one of the greatest benefits when working witlese tools in the project, with
improved control and model support.

In the Stockholm Bypass project it was concludeat the main benefits from working
with BIM was better coordination and also the &pito get 2D-drawings directly from
the 3D/BIM model. Other benefits that were ideetifi in this project were the
understanding of how it all fits together when wogkwith BIM through visualisation,
collision controls and being able to improve wotgkienvironment. When the right
amount of information is selected from the modead @an be interpreted correctly, the
benefits will increase.

Challenges
To increase the use of BIM there is a need fordstathzation, especially for the object
structures and the exchange formats (Knight, 20I2¢re are different programs to use
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when working with BIM. One problem is that diffeteBIM software are not fully
compatible as regards information exchange, wteeld$ to a loss of information.

Another challenge is the working processes as tmestouction industry sometimes is
rather conservative and working with 2D drawingsnetimes still is preferred. Some
people have little or no interest to learn and ding to put effort in the learning process
to be able to develop the use of BIM. The workimgcedures need to be standardized
and it would be much useful to find one common Wwagommunicate and present ideas
and thoughts through a project.

Concluding answers to the follow-up questions statiein chapter 1.3:

What does the design processin the specific infrastructural projects look like?

The Moreton Bay Rail Link project started out wighrequest of proposal to find

interesting tenderers, and thereafter one finaltractor was awarded the contract to
design and construct the MBRL. The architect cakat®IM framework as a base to the
project. This document contained information of wisaexpected from each consultant,
during the project until the final product.

The Stockholm Bypass project did not have any $pedemands or instructions
concerning BIM. The demand came from the projesglitwhen the technical manager
and two other involved persons wanted a higherl lefghe implementation of BIM.
Thereatfter it was decided that the consultantslghmeiusing 3D CAD models. The main
difference when working with 3D models is the pb##y to generate drawings directly
3D model to keep the workload at a manageable.level

What types of procurement arrangementsregarding BIM are used in the projects?

In the MBRL project, where a so called Design ar@h<€Iruct contract was used, the
entrepreneur is responsible for design and contgirucOnly one requirement has to be
followed as regards BIM - and that is what leveBd¥1 that were going to be used in the
project: the architect creates a BIM frameworkiaad map, a document describing what
is expecting from each consultant, what the endlr&gll be and how they will deliver
their design. In the MBRL project only one parttioé project was however modelled in
3D, which was one of the railway stations. The Ssmegroject also applied a D&C
contractual form with the entrepreneur as the nesite for design and construction
which defined level of BIM used in the project. Tening was partly based on 3D/BIM
models.

At which level is BIM implemented in the different projects and how is it used?

When implementing new ICT such as BIM in a projgéds important to decide what
should be accomplished in the beginning of the gutoj Implementation of new
technology is difficult and requires resources, etisend money. The architect in the
MBRL project had previous experience from BIM andswesponsible for defining the
level of BIM for the part of the project. For tharpincluding the train station the level of
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was level 2 — 3D models, integrated objects (septehn 2.3.2 — BIM levels 0-3), level 1
for the rest of the project. The complete Stockh@ypass project can be considered a
level 2.

Can specific effects of the utilisation of BIM be identified in terms of usage?

Throughout the interviews and case studies it lmmecclear that the most obvious
benefit from using BIM in early stages of both g were to find clashes before the
construction work started. This facilitated plarqnand carrying out of working activities
which saved a lot of time and effort. Using 3D misde create understanding about the
project and its work processes was very useful. $teekholm Bypass project made
great efforts in adapting its working processes BtM and made continuous
improvements as the project was carried out. Nay drafikverket, but also its
consultants, are today quite aware about the Bldgss. The Australian project did not
make the same investment in developing its proseasd made therefore not so much
progress during project time.
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7 APPENDIX
Appendix 1 — Interview questions

Generic/Background

1. Can you please tell me about your role in the pit8je
2. At what stage is the project now?
3. How was the design process conducted?

a. What type of procurements arrangements have beshinghe project? What
type of contract?

Use of BIM in the project

We would like to understand how BIM have or will beed in this project. There are
different levels of BIM, from simple 3D CAD to fyllintegrated 3D models that include
cost and scheduling information, and are based comuhata environments.

4. At what stage in the building process was it deteech that BIM should be used?
a. Before or after the tender process?
b. Who decided that BIM should be used?
c. Is BIM legally binded by contract? How specified?

What level of BIM is used?

What are you using or have planned to use the nfodel

To what extent was BIM used and at which stages?

© N o O

What was the role of the various actors in termBIbdf during the design process?
a. responsibilities
b. decision-making points

9. Has the use of BIM influenced how you are coopegain the design team during
design?

Knowledge and use of BIM

10.How was the knowledge level of BIM at the compaefobe the project started?

a. Has the company used knowledge from previous sirpilg@jects during the
design process?

b. How many of the people involved in the project haxperience with BIM
and can use it?

c. Was any education of BIM needed in the companyidrtlle company use
external knowledge?
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Outcomes from the use of BIM

11.What have been the main advantages of using BINhgtine design stage?
12.What have been the main disadvantages of usingdilihg the design stage?
a. Were there any technical problems with the softvaaneng the modeling?

b. Any other problems (not technical) with using BIM the project (e.g.,
cooperation, information sharing, resistance toRi#é etc.)?

13.Has the use of BIM developed during the work?
14.What opportunities do you see when working with BIM
15.Can you identify any specific effects of using BIM?

a. Time
Economical
Legally
Productivity

® a0 o

Resources
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