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ABSTRACT

As already widely acknowledged in the construction industry, the use of a BIM model as single-point-
of-truth during the design and construction phase of the project’s lifecycle improves efficiency and
reduces rework and extra costs. However, implementing the coordination and integration of different
technical designs holds a lot of challenges. Combining different technical designs in one model in such
a way that analyses, interface management and clash detection are possible, requires not only clear
task descriptions and responsibilities for every stakeholder, but also a detailed workflow describing the
required input, expected output of every technique and the intermediate deadlines during the design.
Moreover, changes in the way the designs are made and specific configurations of the software tools are
often needed to guarantee an optimal integration with the other parts of the design and to meet the firm’s
specific processes. This paper describes our experience gathered the last few years with the implemen-
tation of a BIM methodology supporting the design integration of different technical disciplines in
large rail infrastructure projects. The focus lies on the implementation of available technical solutions
to support our methodology, to improve design efficiency and to deliver high-quality integrated study
designs. So far, our results show a successful implementation of BIM in our design department, inte-
grating the design of all technical disciplines allowing us to follow the progress of the design, improve
the communication within the project team and detect and solve clashes earlier in the design process.
Key factors contributing to a successful BIM implementation are further explained and illustrated with
practical examples.

Keywords: BIM implementation, collaborative practices, design coordination, integrated model,
multidisciplinary projects, rail infrastructure.

1 INTRODUCTION

Using BIM models in the construction industry is no longer an exception in large infrastruc-
ture projects; the advantages are becoming more and more obvious. BIM for infrastructure
solutions support the industry’s search for improved efficiency and design quality, leading to
less rework and delays on site and minimizing unexpected costs [1-4]. This improved effi-
ciency deals with the expected growth of the need in infrastructure investments but fewer
available resources [5, 6]. Whether the design company uses a BIM model to deliver a high-
quality design or the contractor for preparing and following the project’s execution or other
stakeholders, based on a common BIM Execution Plan, each application of BIM comes with
its own challenges and necessary adaptations to make it suitable for that specific project and
group of users [7, 8].

A lot of research and published case studies investigate and illustrate the implementation
of BIM for infrastructure projects. They focus on specific projects and the key factors that
influence the success of BIM for these projects, mainly from the perspective of a design team
as a whole or the relationship between the design team and the contractor [2, 9]. They all
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highlight the importance of the quality of the model data meeting the project’s needs, adding
the necessary object information and a clear communication during the design study.

Our BIM experience is based on using BIM for multidisciplinary large railway infrastruc-
ture projects (mainly in Belgium), where BIM models are used in the design phase for the
integration of parts of the design from all technical disciplines and using these integrated
models for interface checking between the technical disciplines (design review and analysis)
and clash detection. Allowing different technical designs to be combined in one model in
such a way that design coordination, analyses, interface management and clash detection are
possible, requires not only clear task descriptions and responsibilities for every stakeholder,
but also a detailed workflow describing the required input, expected output of every tech-
nique and the intermediate deadlines during the design. Moreover, to meet the firm’s processes
described in the BIM Execution Plan and to assure an optimal integration with the other parts
of the design, changes in the way the designs are made and specific configurations of the
software tools are often needed. Our experience confirms the general factors for success from
earlier research, but this paper complements the existing research by adding specific points
of attention in situations with a design team consisting of different technical disciplines and
design units, and when improving the internal design team communication and dealing with
different levels of ‘BIM maturity’ of the units are critical factors. Highlighting these factors
can hopefully help similar design firms with improving the success rate of BIM in the
construction industry.

Chapter 2 gives more information about the activities of our firm and how we are generally
implementing BIM for our projects. Chapter 3 illustrates in detail what we have experienced
as important factors for successfully implementing BIM in a multidisciplinary design team.

2 BIM IMPLEMENTATION
This chapter gives more information about the activities of TUC RAIL and how the use of
BIM is implemented for large rail infrastructure projects. Also, more details about the used
tools to support our methodology are mentioned.

2.1 Activities of TUC RAIL

TUC RAIL, a Belgian multidisciplinary engineering and project management firm, special-
ises in railway infrastructure projects. Since 1992, TUC RAIL has built a large expertise
within the railway business, specifically on infrastructure level. Its activities cover the whole
project cycle from feasibility study until detailed design and technical plans, providing
project management for large infrastructure projects and construction site supervision.
Working on large and complex projects on one of the world’s busiest railway networks,
both for extending the Belgian rail network with new railway connections and for modernis-
ing the often complex existing connections within very restricted areas has allowed TUC

RAIL to acquire a lot of expertise. In Belgium, TUC RAIL is mainly working for the ‘Build

Department’ of Infrabel, the Belgian rail infrastructure manager, but the built-up expertise is

also being used to provide services for foreign projects.

Some examples of rail infrastructure achievements of TUC RAIL:

e Construction of the Belgian High Speed Line Network (first parts in service in 1997-completely
in service in 2009): 200 km of new lines and more than 60 km of upgraded lines, including the
necessary tunnels, viaducts, bridges and all rail infrastructure equipment.

e Diabolo connection (in service in 2012): two 1 km long drilled tunnels under Brussels
National Airport with all necessary rail infrastructure equipment (Fig. 1a).
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e Liefkenshoek Rail Link (in service in 2014): two 7 km long drilled tunnels with all rail
infrastructure equipment to improve the freight traffic in the port of Antwerp.

e Schuman-Josaphat Tunnel (in service in 2016): a new tunnel of 1250 m under the
European quarter in the heart of Brussels with all rail infrastructure equipment (Fig. 1b).

e Concentration of signal boxes and installation of the ETCS system on the whole Belgian
rail network (ongoing).

e Renovation of the North-South underground connection in Brussels concerning fire safety,
ventilation etc. (ongoing) (Fig. 2a).

e Modernisation of the Axe 3 railway in the hilly Walloon region of Belgium (ongoing)
(Fig. 2b).

e High-Speed Line Network in France: Bretagne — Pays de la Loire (ongoing).

TUC RAIL combines all necessary technical disciplines for railway infrastructure projects in
one engineering firm such as civil engineering for designing steel or concrete bridges, viaducts,
tunnels or smaller civil technical structures; railway design; road and environmental design;
signalling; catenary; high and low voltage; hydraulics and earthworks. The Design Department
also contains divisions working on topography and photogrammetry, expropriations, geologi-
cal investigations, fire safety and HVAC. Since 2013, a BIM division was set up to start
implementing the use of BIM for improving the quality and efficiency of the delivered designs.

2.2 BIM methodology and tools

The use of integrated BIM models in de Design Department of TUC RAIL started with a
proof of concept in 2013 and was taken in production in 2014. The BIM process that was
elaborated envisioned a better integration of the designs of the different technical disciplines
and an integrated 3D model that could improve the communication within the project team

(®)

Figure 1: Examples of rail infrastructure achievements of TUC RAIL. (a) Diabolo Tunnel,
Brussels; (b) Schuman-Josaphat Tunnel, Brussels (Source: TUC RAIL nv, 2017).
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Figure 2: Examples of rail infrastructure projects of TUC RAIL (left) with the corresponding
BIM model (right). (a) Renovation of the North-South connection, Brussels; (b)
Modernisation of the Axe 3, Walloon Region (Source: TUC RAIL nv, 2017).

and would allow thoroughly analysing all interactions between the disciplines, detecting as
many clashes or problems as possible in advance. The main goal of this better design coordi-
nation, improved communication and early clash detection was to avoid rework during
execution and to minimize delays on site, resulting in projects delivered within time and
budget.

Although these goals are not that different from the general acknowledged goals of why
construction companies should make the switch to using BIM, the implementation process in
a design firm with rather fragmented units for every technical discipline and with limited
project communication and design review of the overall design, revealed aspects that had an
important impact on the success of the BIM implementation in our firm.

The design tools of the different technical disciplines were not changed with the imple-
mentation of BIM. To build up the integrated BIM model for a project, a central database
(‘BIM server’ — Trimble Quadri) is used on which all 2D and 3D design data of the different
units is centralized. Projects on the BIM server are separated per geographical zone. Different
projects located in the same geographical zone are combined in one BIM model. The BIM
client software (Trimble Novapoint Base) allows users to import their design data in the cen-
tral database, to visualise and analyse the integrated model and to export a part of the data if
necessary.

Moreover, a detailed and up-to-date image of the existing situation and existing conditions
modelling is added to the BIM model (e.g. topographical measurements, orthophotos taken
with a drone, laser scanning point clouds...), together with any other available graphical
information that could have an influence on the realisation of the project. These other data
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sources can range from WMS services with base maps or orthophotos to cadastral informa-
tion, environmentally protected areas, soil tests, bomb risk zones etc. This integrated model
of both the existing situation and project design allows us to go through the whole project,
checking it for clashes and possible problems during execution (e.g. site access roads that are
too narrow or too steep for the trucks). Besides these BIM tools, a combination of guidelines
and workflows supports the use of BIM in the whole design department. These guidelines and
workflows describe the different user roles, responsibilities and interactions between the
design disciplines. The BIM workflow as it is elaborated within TUC RAIL describes in
detail which technique has to provide which input in every stage of the project. As a lot of the
techniques need input from others to study their part of the project, a clear workflow and
critical path are needed to be able to meet the project deadlines.

To improve the communication within the project team, regular team meetings are organ-
ised, discussing the progress and content of the BIM model and assessing all interfaces
between the technical disciplines. Also, additional tools are used to ease this communication
and to document and follow up any detected clashes or problems in the BIM model. By using
the Trimble Quadri EasyAccess tool, an online conversation is set up for every clash to dis-
cuss the problem and possible solution, with a visual link in the BIM model. By changing the
status of this conversation during the discussion, the whole project team can follow the pro-
gress of the solution. As this EasyAccess tool is stored in the cloud, the clash discussions and
solutions are also remotely accessible.

3 KEY FACTORS FOR A SUCCESSFUL BIM IMPLEMENTATION

This chapter describes the key factors, both on company level and on project level, that con-
tribute to a successful and step-by-step introduction of BIM in a multidisciplinary large
design firm. The key factors on company level focus on some more general organization
aspects, which we have encountered or have experienced as being important. These aspects
are not linked to the tools that are being used, but are more linked to people management and
change management in a firm with different design units, each specialized in their own tech-
nical field and not always used to closely collaborate and communicate during the design
study of a project. The key factors on project level contain much more practical examples.
Although these factors are illustrated with software specific images, the key factors
themselves are generally applicable.

3.1 Key factors on organisation level

When implementing BIM as a whole new process in a firm, a clear communication of the
BIM vision and full support of the management is essential. This vision and its first commu-
nication to all departments and colleagues that will be closely or from far involved in the BIM
process is the most important opportunity to get everyone on board. When this vision is badly
explained, the success of the BIM implementation can really be endangered or slowed down.
By getting everyone on board from the first moment, you are assured that they all know in
which way the firm is moving, what the goals are in the end (long-term vision) and which
intermediate steps have to be taken to reach these goals (short- and medium-term vision).
Within TUC RAIL, experience clearly showed the importance of communicating the BIM
vision and impact of the new methodology on existing processes to all colleagues in the firm.
Even colleagues of which you think they will not be directly impacted by this new
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methodology at least have to have an idea of which way the company is evolving and what
new ways of working are being implemented, because on the long term they too will be
involved in some way.

Although maybe not all details of the impact on the different departments are known at the
beginning, the first BIM presentations should already give an idea of what the impact will be
on every department. When working in a firm with different design units which all have their
specific non-uniform way of working, the changes for one unit can be much larger than the
changes for another unit. It is important to take this difference of impact level into account in
all communications.

Further on during the BIM implementation and the application of the new processes, every
communication should be ‘tailor made’. All support, training courses, workflows or manuals
provided by the ‘BIM support unit’ have to focus on the specific target audience. The impact
of implementing BIM at TUC RAIL for example was different for every design unit. For
some of them, smaller adjustments to their internal workflows were sufficient to take the first
steps of the BIM implementation. For other units, much more adjustments or complete
changes were needed. Moreover, even within a design unit, differences in enthusiasm and
capability of implementing new technologies between colleagues exist. These differences
should also be reflected in the intensity of the support by the BIM support unit, in the amount
and the content of the training courses that are organised and the ‘live’ presence of the BIM
support unit with the specific users.

Depending on the size of the unit, choosing one or two so-called ‘Key Users’ can be very
helpful to get the necessary information flows work well. These key users are the ideal way
to efficiently get information from the BIM unit to all users, and vice versa. They are an easily
reachable contact person for a user in his own design unit. He can collect all positive and
negative feedback, questions and ideas for improvement and communicate them further to
the BIM unit. However, it is important that the selected key users believe the company’s BIM
vision and fully participate in further implementing it in their own unit.

3.2 Key factors on project level

When working on a specific BIM project with different technical disciplines, clear guidelines
on the desired input, deliverables, Level of Detail and timing are needed. Templates, work-
flows or decision trees can be very helpful tools, as long as they take into account the different
levels of BIM knowledge and BIM implementation of every design unit and the specific
needs of the project. Clear decisions at the beginning of the project on what is needed, what
is desired and what is possible within time and budget restrictions avoid confusion and mis-
understandings. Tools like a detailed BIM workflow and BIM Execution Plan can be used for
that.

Clear communication supports an optimal and efficient study of the project. Implementing
BIM during a design is more than just using a tool; it is often a new way of collaborating and
communicating with colleagues. Guiding and supporting this change is crucial for a success-
ful use of BIM within a firm. Therefore, for each project, regular project team meetings
should be organised. These meetings have different goals. First, they allow the team leader to
get an insight in the progress of the study of every technical discipline, in problems that
should be addressed or in blocking elements that prevent the study of moving forward. Sec-
ond, the technical risk analysis of the design made at the start of the project can be further
detailed and followed up. The BIM model is an ideal tool to provide an integrated 3D view
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Figure 3: Overview of a BIM model. 2D view of the project (upper left); 3D view (upper
right) and a cross-section (lower example).

for supporting any questions or discussions on these points. Third, the BIM model can be
used to go through the whole project based on 2D and 3D overviews and cross-sections to
thoroughly analyse the design that’s been developed. (Fig. 3) For any problems, clashes or
additional risks detected during this analysis a clear responsible and timing should be defined
for resolving or following up this issue. For the BIM support unit, these meetings are one of
the occasions to get an insight in the use of the BIM tools in every design unit and to collect
information on issues, bugs and problems with implementing it in their work.

Implementing BIM in a large firm with different design units, each with their specific tech-
nical specialty and design tools, own developed tools and internal guidelines, involves a lot
of changes to be made. Starting with BIM and expecting that all these changes and a com-
plete uniformity are achieved from the start of the implementation is unrealistic. Therefore,
minimal data requirements can be defined, so that an integration of the different design mod-
els is possible and that changes in internal workflows can be implemented step-by-step, as the
BIM implementation further proceeds and as experience during the first BIM projects grows.
Again, the difference in ‘BIM readiness’ of every unit and their experience with 3D designs
will determine how much effort each of them will have to do to achieve these minimal BIM
requirements. As already stated, this on its turn will have an influence on the amount and the
content of the BIM support and training courses that are needed.

The minimal data requirements of the BIM model should allow all users to at least get an
insight in the most important aspects of the data. For large infrastructure and multidiscipli-
nary projects, this key information of the objects can be different than for companies working
on e.g. BIM for buildings. The needs of what information is required to be able to analyse the
model and review the design can be quite different between those two BIM applications.
From our experience, we use three key information elements for our projects. First, the status
of the object: is it the existing situation or project design and to which design study does this
object belong? (Fig. 4) Including elements of ongoing designs or project executions in the
same geographical zone can also be important to assess the new design and to avoid problems
or clashes, but a clear distinction between the different design studies is then necessary.
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Figure 4: Status of elements in the BIM model: Existing situation (a); Project design (b).
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Figure 5: Object properties describing the accuracy and the date of the measurements:
photogrammetric measurement (a); topographic measurement (b).

Second, the accuracy of the measurements of the existing situation and the date on which
the measurements were taken (Fig. 5). As we use photogrammetric data, topographic data,
laser scanning point clouds or photo modelling, each with their specific levels of accuracy, it
is important to know how accurately an object of the existing situation is positioned, specifi-
cally when working in restricted areas. Moreover, the date and accuracy of the measurements
indicate whether or not there is a need for new measurements to get a more recent or more
accurate view of the existing situation.

The third information tells us to which technical discipline an object belongs: is it an ele-
ment of high voltage, signaling, civil engineering, hydraulics, road or rail infrastructure...?
Using this information, we are able to visualize every object according to its technical disci-
pline. This helps us during the review of the design, the clash detection and the interface
management between the different technical disciplines. (Fig. 6)
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Figure 6: Using the information of the technical discipline to better visualize the objects in
the BIM model : default view (left) ; view per technical discipline (right) — civil
engineering (green), hydraulics (blue), signaling (orange) and high voltage (pink).
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Figure 7: Linking the imported data in the BIM model with specific object types in the
software’s library: no specific object types used (left); using specific object types
(right).

Besides these basic elements of information, the more extra information that can be added
to an object, the more clearly and distinguishably the objects can be visualized, categorized
and analysed. Different design units within our firm already add additional information to the
objects they import in the BIM model, depending on the level of BIM implementation in their
unit. For example, in the railway design, every element of the rail design is linked to a specific
object type of the software’s object library, which allows for the ballast bed, rails etc. to be
clearly visible. This distinction allows even better visualizing and interpreting the different
design elements of the railway study, compared to parts of the design where such links to
specific object types is not yet used. (Fig. 7)

For example, signaling and high voltage add the signal’s name or pole number to the object
for a better identification. They also add the size of the cableways they designed, which
allows a more detailed visualization and makes the BIM model ready for further analyses in
the future, such as automatic extraction of quantities of specific construction elements.
(Fig. 8). In more advanced projects, additional information on the phasing of the construction
is added to the objects. This allows analysing and clash detection in the BIM model phase per
phase to guarantee a correct execution on site. (Fig. 9) These more advanced levels of object
intelligence, visualization and possible analyses also serve as in house examples for other
design units, based on specific and real life projects, to show in which way they can and
should evolve.
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4 CONCLUSIONS
Our experience in the last few years with the implementation of a BIM methodology for the
integration of 2D and 3D designs has led to a number of key factors that we consider as
important or even crucial for the success of implementing BIM. Our main goal of using BIM
is to improve design integration, internal project team communication and clash detection to
avoid rework during execution of the project and to minimize delays on site. These improve-
ments result in higher quality projects delivered within time and budget. In our BIM
implementation, the focus lies on using BIM for the integration of the designs of different
technical disciplines for large rail infrastructure projects and dealing with different levels of
‘BIM maturity’ of every design unit in the project team.

There are a number of key factors, on company level as well as on project level to contrib-
ute to a successful and step-by-step introduction of BIM in a multidisciplinary large design
firm. On company level, these key factors focus on more organizational aspects, such as a
clear communication of the BIM vision to all colleagues in the firm and taking into account
the difference of impact level on these colleagues in all communication. Furthermore, during
the BIM implementation, all communication, manuals, training courses and workflows
should remain ‘tailor made’, focussing on the target audience. Key users can be helpful to
have an efficient and continuous link between all user groups and the BIM support unit.
Guiding the change management and taking into account the specificity of the company is
crucial when implementing BIM.

On project level, clear decisions and guidelines at the beginning of the project are neces-
sary, describing the project’s needs for every technical discipline. Regular project team
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meetings, based on the BIM model as a tool to have a 3D view on the project, allow a thor-
ough follow-up project’s progress. Minimal requirements of the BIM data should be defined
such as status of the object, accuracy and date of the measurements of the existing situation
and information to which technical discipline an object belongs. They allow all users to get
an insight in the most important aspects of the data and they allow a step-by-step BIM imple-
mentation in the different design units, depending on their BIM maturity. Units with a higher
BIM maturity can already add additional information to their designs, allowing more
advanced BIM analyses, while still maintaining the integration with the other technical
disciplines.

Highlighting these factors can hopefully help further using BIM in similar design firms
and improving the success rate of BIM in the construction industry. Implementing BIM in
our company has already lead to a much closer collaboration between our design units, now
working even more as one team to deliver high-quality design. Our further BIM develop-
ments will mainly focus on adding more uniformity and intelligence to the models, allowing
more analyses and allowing our clients to further use the models for the asset management of
their infrastructure.

“Information published by TUC RAIL in the present document is informative and non-
contractual. All rights reserved”.

Copyright TUC RAIL / Infrabel
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