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Abstract

Building Information Modelling (BIM) technology is briefly reviewed in this paper in order to demonstrate
the potential application of this methodology in the shipbuilding industry. A properly-created BIM model is
a valuable tool for the designers and future users of a given investment. BIM models improve the design and
execution process and serve as a tool to maintain and manage any asset. The purpose of this article is to propose
to use BIM technology in other construction industries, including the shipbuilding industry. A properly-con-
structed BIM model of a ship can be used both by the shipyard, as well as by the ship owner or target users. The
information contained in the BIM model of the ship can be used to optimize the execution phase in the shipyard,
as well as provide valuable assistance to the user of the unit during its operation.

Introduction

Each year, Building Information Modelling
(BIM) technology sees an increase in use in the
design and construction industry. Other companies
that play the role of engineering, procurement, and
construction (EPC) in large investments appreciate
the positives that result from the use of BIM tech-
nology. Although the very process of implement-
ing this technology may be initially disruptive and
long-lasting, the benefits of its implementation fully
compensate for this drawback. A properly-created
BIM model is helpful not only to the investment
contractor itself but can also be a valuable tool for
the recipient and future user of a given investment.
BIM models of a given investment facility not only
improve the design and execution process but also
serve as tools to maintain and manage this facility.

The purpose of this article is to demonstrate that
BIM technology, although originally dedicated to the
construction industry, can also be perfectly applied to
other industries, including the shipbuilding industry.
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A properly-constructed BIM model of a ship can be
used both by the manufacturer — the shipyard — as
well as by the future user or ship owner. The infor-
mation contained in the BIM model of the ship can
be used to streamline and optimize the execution
phase in the shipyard, as well as provide valuable
assistance to the user of the unit during its operation.

BIM technology

The term BIM started to appear in the construc-
tion industry at the beginning of the 21% century, but
its idea was developed much earlier in the 1970s
at the Georgia Institute of Technology. The further
development of BIM was dictated by the growing
interest of construction companies and construction
offices with the goal of integrating and better manag-
ing increasingly complex projects in the construction
industry. A breakthrough in the scope of the relevant
software for BIM was the publication of Archicad
by Graphisoft in 1986. This programme was the first
to enable the creation of three-dimensional objects
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and assignment of attributes to them (Rokooei,

2015). Using a 2D environment is so burdensome

that the objects created in it are merely a collection

of simple geometric elements with no dependencies
between them, so that changing the geometry of one
object requires manually changing the others. If this
object also occurs on several projections, updating
the whole project can become very cumbersome and
labour-intensive (Chybowski & Gawdzinska, 2016a;
2016b). Modelling in a 3D environment using
parameterized objects and creating dependencies
between these objects allows for a quick and often
automated revision of the project, which significant-
ly accelerates the entire design process (Gulillen,

2016; Fernandes, Alves de Sousa & Ptak 2018a,

2018b; Karlinski, Ptak & Dzialak, 2018).

A common way to define BIM is that it is a vir-
tual model of a planned construction project. How-
ever, it should be remembered that the virtuali-
ty of this model provides more than just a spatial,
three-dimensional visualization. BIM is not limited
to only the 3D modelling tools of objects in a CAD
environment, but it also allows a user to attach infor-
mation about their properties to such objects and
make them interrelated with other objects (McArtur,
2015; Gulillen, 2016). Currently, it is often said that
BIM models are created in a 7-dimensional design
space. In order to better understand this statement,
one should consider the following dimensions of the
design.

* 2D model — is a classic two-dimensional object
created on a flat coordinate system. The models
created in this environment have very limited pos-
sibilities of storing additional information.

* 3D model —a model created in a three-dimension-
al environment, in the form of solids or a set of
surfaces. Such a model can be a carrier of infor-
mation about geometry and basic physical fea-
tures. Very often, 3D models are created using
parameterization tools, which allows them to be
quickly modified and adapted to variable input
data.

* 4D model — is a model that includes information
related to an investment flow schedule, a sequence
of further actions. Such a model can be used as
a source of data for planning and monitoring the
course of investments.

* 5D model — a model that includes financial data.
This model can be used to predict and create bud-
gets and control the budget of a currently-imple-
mented investment.

* 6D model — contains data necessary to ensure sus-
tainable development. It allows you to control the
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impact of individual actions on the course of the

investment.

* 7D model — this model contains data needed to
manage an investment object. It allows planning
activities to sustain the life of an investment object
and facilitates strategic decision-making when
managing the object. For example, reliability
structures that are based on algorithms to ensure
better diagnostics, maintenance, and control can
be implemented (Chybowski & Zétkiewski, 2015;
Gulillen, 2016; Derlukiewicz et al., 2017).

The fundamental information that the BIM mod-
el of a given object contains is of course geometric
data, and any additional information can be entered
manually by the person managing the model, or it
can be generated automatically by the appropriate
software used to create the model.

Example: After giving the appropriate geomet-
ric form and defining the material from which the
element is to be made, the programme will generate
information about the total surface area of this ele-
ment, its volume, and report its mass (Gawdzinska,
Chybowski & Przetakiewicz, 2016; Gawdzinska et
al., 2017, 2018). The mere fact that material assign-
ments can be made to the product is already a distin-
guishing element of BIM modelling.

As shown in Figure 1, based on the geometry, the
programme provides data about the surface area and
volume of a given element, and assignment of the
appropriate material allows the program to calculate
its mass.

An important feature of the BIM model is its
open source and open data approach. This means
that the model of a given facility created at the con-
cept stage is developed not only in the design pro-
cess, but also in the execution and as-built phases
when used by the target user. In the implementation
phase, the model can be supplemented and updated
with data flowing from the production process, such
as:

* manufacturing technology used;

* costs of materials;

e transport costs;

 process schedule;

» problems encountered and their solutions.

The end of the executive phase does not mean
that the BIM modelling is completed. The model can
still be supplemented with information provided by
the user of the facility, such as:

* object maintenance costs;

* media expenditure (electricity, water);

* inconveniences encountered during use;

* emergency situations.
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Figure 1. An example of a model created in a 3D environment for BIM purposes

The above-mentioned information that can be
inserted into the model are just a few examples
of data to which the BIM model can be extended.
Their quantity and methods of storage in the model
depend, in fact, on the person using and managing
this model.

Implementation of BIM — challenges and
potential difficulties

Considering how much information, often quite
extensive, can be put into the BIM model, the prob-
lem of their proper formatting and ordering still
exists. The issues of the format and the means of
data storage seem to be relatively simple, assuming
the entire project is implemented on one type of soft-
ware within one company. File exchange or sharing
may take place with any of the data entered into the
model. However, this situation is extremely rare
and usually involves small investments usually out-
sourced to one entity. It is much more likely to deal
with multi-branch projects involving many entities.

CAD software vendors, noting how dynami-
cally BIM ideology develops, constantly modify
their flagship applications and environments so that
they are compatible with commonly-accepted BIM
standards. Additionally, thanks to the efforts of the
building SMART organization, the IFC (Industry
Foundation Classes) format has been developed,
which is a universal carrier of design data. IFC files
are recognized and read by leading programmes
dedicated to BIM standard design (Rokooei, 2015).
This format is described in detail in the ISO16739:
2013 standard “Industry Foundation Classes for data
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sharing in the construction and facility management
industries.” The second data format known within
the BIM community is COBIE (Construction Opera-
tions Building Information Exchange), developed by
the US Army Corps of Engineers. This format, how-
ever, is less frequently used because it is not a carri-
er of geometric information, but mainly gathers data
such as data sheets, diagrams, lists of elements, etc.
(Pajor, Marchelek & Powalka, 2002; Gulillen, 2016;
Sakow et al., 2017).

The more difficult issue is the ordering and prop-
er management of the BIM model. Of course, one
can also count on appropriate supporting software,
but a given programme will be effective only when
the person using has the right knowledge and skills.
Therefore, the people who create and manage the
BIM model need to be systematic and have good
organizational skills. The person creating and man-
aging the BIM model must be aware that the model
should be readable not only for the person or a small
group of people connected from the beginning of the
investment, but also for each person who joins this
investment at its various stages. It should be remem-
bered that the recipient or user of the BIM model
will not always be a person with technical education.
An example of such a situation is when financial
data is included in the model, which can be used by
the financial department of a given company when
calculating the real costs of the investment or esti-
mating the costs of a new, similar investment.

The structure of the BIM model must be trans-
parent and understandable from the very beginning
for each user. If this is discontinued at the initial
stage of the model’s development, it will be very
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difficult to correct it later, since the model will grow
as the investment progresses. Creating a BIM mod-
el structure should anticipate a simple dependency:
the more complex and extensive the investment, the
more complex a virtual model of such an investment
will be. Considering how much information can be
contained in such a model, it can inadvertently lead
to a situation in which “information noise” is cre-
ated, which will only make it more difficult to use
the BIM model. To avoid this situation, the person
managing the BIM model must monitor what infor-
mation, where, and when they are placed in the mod-
el. The appropriate procedure for submitting such
data by individual investment participants should be
developed prior to the creation of the BIM model.
Another problem that can also occur when creating
a virtual investment model is a too-detailed depiction
of all elements of the model. From the point of view
of the investor or the future user, a model as close as
possible to the actual state is very attractive. It can
then be used for marketing purposes or be used in
training processes at a given facility. However, from
a designer’s or contractor’s point of view, a too-de-
tailed model can be a hindrance. Usually, the level of
detail that is too high means that the model takes up
a lot of memory and puts a heavy load on the work-
station on which it is operated. For design offices that
often use computer equipment dedicated to design
in a 3D environment, it may not be that much of
a problem (Laskowski, Chybowski & Gawdzinska,
2015). However, it should be remembered that the
BIM model is also used by engineers who are direct-
ly on the construction site, where the conditions are
sometimes very difficult and where there is always
equipment dedicated to the use of 3D programmes.
In addition, there are also problems with the band-
width of Internet connections, which are necessary

for mutual communication and sharing of the BIM
model. Considering the above, it is necessary to
maintain moderation and common sense when creat-
ing virtual models of individual objects. Sometimes
a very complicated device with a complex shape
can be graphically represented to a certain degree
of simplification, while maintaining only the overall
dimensions, the location of connection sockets, and
other elements important from the point of view of
design or assembly. It should also be remembered
that for the sake of adjustment to the BIM model,
sometimes information that is not visible at first
glance is more important, which may turn out to be
extremely valuable for design or performance.

In Figure 2, the model on the left is very real-
istic visually, and it shows the exact shape of the
collar, its opening, and screw connections. The
model on the right is a very poor graphical model
since it does not contain flanges, the type of screws
used, or their number. At first glance, it would seem
that the model on the left is more detailed, and as
such, should be more valuable for the BIM proj-
ect. In fact, the model on the right is a model that
better meets the requirements of BIM technology.
All relevant information regarding drilling, nomi-
nal pressure, rebate type, or gaskets between flang-
es are given in text form as attributes assigned to
each element. Extracting this information and pro-
cessing it is much easier and more convenient than
the model on the left. A common feature of both
models is only the maintenance of basic graphical
information about the dimensions of the flanges
and their representation in the model. This is an
important feature of every element of the model,
since the overall size of a given body is an import-
ant factor influencing its location in the space often
occupied by other elements of the model. In other

Figure 2. Examples of flange connections realized in two different CAD environments
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Table 1. Levels of development (AIA E202, 2008)

Level of development (LOD)

Description

LOD 100 Schematic

Overall building massing indicative of area height, volume, location and orientation may be mod-

Design Model elled in three dimensions or represented by other data

LOD 200 Design Model Elements are modelled as generalized system or assemblies approximate quantities, size,

Development Model shape, location and orientation. Non-geometric information may also be attached to model elements

LOD 300 Construction Model Elements are modelled as specific assemblies accurate in terms of quantity, size, shape, loca-

Documentation Model tion and orientation. Non-geometric information may be attached to model elements

LOD 400 Construction Model Elements are modelled as specific assemblies accurate in terms of quantity, size, shape, loca-

Model tion and orientation with complete information assembly, and detailing information. Non-geometric
information may be attached to model elements

LOD 500 Record Model Model Elements are modelled as constructed assemblies actual and accurate in terms of quantity,

size, shape, location and orientation with complete information assembly, and detailing information.
Non-geometric information may be attached to model elements

words, with the presented real dimension of a given
part on the screen, the designer can assess whether
a given part will fit in its designated area.

To systematize the level of detail of the model,
“Level of Development” (LOD) was developed,
which determines the amount and form of data
(including graphic data) to be modelled at a given
level. The LOD defined in the AIA E202 standard is
widely accepted in the industry, and Table 1 presents
the individual LOD levels and a brief description of
each.

BIM in shipbuilding industry

Considering for which industry the BIM technol-
ogy was developed, or even looking at the develop-
ment of the shortcut (Building Information Model-
ling), one can have doubts as to whether something
designed for the construction industry could be used
in the shipbuilding industry. To understand this, the
way of thinking about BIM technology should be
changed and its source should not be considered.
Currently, BIM is used to help in the implementa-
tion of complex, extensive investment tasks, often

[Power unif-——- )
)

long-term ones. An example of such a task is the
building of a ship, especially a large-size ship like
a tanker, a cruise ship, or an aircraft carrier. The size
of the ship itself is of course not the only determi-
nant for the implementation of BIM technology, and
it can also be used in the design of smaller vessels
that are more complex in their construction. It is the
degree of complexity of the project and the degree
of assimilation to the building structure that should
determine the possible application of solutions typ-
ical for BIM. An example of this is the design of
a luxury yacht, which in terms of comfort will not
be different from a luxurious apartment in the city
centre or a cottage outside the city. Apart from the
obvious differences between the construction of the
yacht and the house, both these objects have some
common features. In both there are common instal-
lations such as: lighting, ventilation, heating, or san-
itary. Projects of these installations can therefore be
made using BIM tools, which will ensure: a single,
consistent database, correlation between individual
projects, project coordination, and other essentials
from the point of view of performance and mainte-
nance elements.
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Figure 3. Wiring diagram of an exemplary boat and a residential house

Zeszyty Naukowe Akademii Morskiej w Szczecinie 56 (128)

27



Tomasz Jabtonka, Marek Ornat, Stawomir Zétkiewski

The electrical installation of a boat and a dwell-
ing may differ in many respects, but when designing
them, the same tools are used, such as a schematic
diagram, a list of elements, and a list of connections.
All these elements of the project can be connected to
each other as part of the BIM technology and addi-
tionally correlated with the projects of other installa-
tions (Figure 3).

Conclusions

The relatively new idea of using BIM methodolo-
gy in the shipbuilding industry has been presented in
this work. Notwithstanding of the small number of
examples shown in this work, the paper’s objective
has been accomplished. The paper presented current
tendencies of BIM implementations in ship-relat-
ed projects, including implementation difficulties,
challenges, advantages, and levels of development.
When properly implemented, BIM methodology has
great advantages when comparted to the traditional
CAD modelling and designing aid. The BIM devel-
opment is worth considering despite the fact it needs
a higher initial workload in comparison with the lim-
ited CAD approach.

Apart from designing and constructing new ships,
BIM can also be used to reverse-engineer ships cur-
rently in use. Thanks to this technology, it will be
easier to convert and modernize ships, for example
in terms of modern and more ecologically-friendly
drives (Bejger, Chybowski & Gawdzinska, 2018;
Chybowski, Grzadziel & Gawdzinska, 2018).
In such cases, a precise technical information base
is necessary not only for the replacement of drives,
but also for the replacement of ship automation sys-
tems and control systems. With BIM, it is possible
to plan the modernization of, for example, passenger
space, adding utility spaces (kitchens, cafes, clubs,
etc.), replacement of pipelines and HVAC systems,
full maintenance, or painting works to the full extent
(Pajor, Marchelek & Powalka, 1999; Berczynski,
Lachowicz & Pajor, 2001; Pulikowski, 2017).

In future works, exemplary realizations and use
cases by means of BIM technology in applications
in the ships and shipbuilding industry will be shown.
The cases will allow the inclusion of preventative,
volatile, and flexible conditions, extended mean-
time between failures periods with resources report-
ing, hazard inventory, and precise scheduling. The
approach of the BIM model as a single source of
information from the full range of information will be
presented. This will facilitate using these BIM models
as efficient tools for designing and managing assets.
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