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AT THE BEGINNING OF 2014 EUROPEAN COMMISSION ADOPTED A
RESOLUTION ENCOURAGING 28TH MEMBER STATE TO APPLY BUILDING
INFORMATION MODELING (BIM) IN PROCURING CONSTRUCTION
PROJECTS. As a direct response, many governments of the most
developed states within the EU, introduced a short-term goals to
make all major projects designed with BIM till the end of 2016.
BIM is the most advanced concept in building design modeling
thatcombines professions such as architecture, civilengineering
and others. It is widely used around the world; however, in
Croatia and in Eastern Europe it is still not as popular as in the
most developed countries of the world. In order to improve this
described situation we developed a methodology that proved
to be applicable in technology and construction management.
The same methodology has been validated through the usage
in education of the Civil Engineering students. The methodology
includes the following steps and software: creating 3D model
and quantity list using Autodesk Revit or Nemetschek Allplan
software, making cost estimations and time plan using Gala
software and finally 5D simulation that includes cost breakdown
using Navisworks software. Through the work we had proved
that with applying BIM methodology in construction projects,
the participants in the preparation and execution phase can
achieve higher productivity and quality of work, collaborate with
other participants through interactive work, identify problems in
the early phases and achieve higher profits. Furthermore, it has
been proved that with the application of BIM methodologies,
construction engineers better understand the process of
preparing, monitoring and controlling of construction. Although
this methodology is validated the future studies should include
other BIM tools and investigate their compatibility, involve
other resources in the construction simulation and expand BIM
education other related technical colleges.
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Introduction
Building Information Modeling (BIM)
content has become the most advanced
approach to integrating information in
construction projects from very ear-
liest project phases onto the project
ed. It combines professions such as
architecture, civil engineering and
otherengineering disciplines. As such
in the world has a wide application.
However, in Croatia and in Eastern
Europe it is still not as popular as in
the most developed countries of the
world. This situation was the reason
to research BIM application by com-
paring the level of awareness and its
application in Croatia with the rest of
the world. Great Britain, Netherlands,
Denmark Finland and Norway have
set short term goals after which all
of the procurement will be mandatory
to comply with the BIM technology. In
2015 the European Parliament voted
in favor of the directive according to
which the next two years the member
countries will stimulate the application
of BIM technology in public works in
order to reduce project costs, shorten
construction times and modernize the
procurement process, whereupon it will
be mandatory (StudioARS, 2015).
Through available literature on the
application of BIM we analyzed the
current situation in world practice and
made conclusions about the benefits
of the same and considered approach
to the business. Such widespread
use of BIM technology suggested the
advantages of its use Furthermore,
the lack of integration and the lack of
involvement of participants through
all phases of a project was the main
reason of this research. This problem
causes: cost overruns, non-compliance
with the schedule, large costs devia-
tions throughout the life cycle of the
building, a number of errors in docu-
mentation and inability to control the
amount of information. Introducing
BIM approach to business is proved to
reduce errors and to constantly evolve a
more complex cooperation in the virtual
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environment where the execution of the
projectis more successful. In addition,
we have to mention the problems that
remain unexplored, and which are con-
stantly presentin the application of BIM
in the company business. These are:
increased capital expenditures when
implementing BIM, large investments
in computers and technology that sup-
ports all the software tools and the size
of files that are created by using BIM,
incompatibility of software used for the
same purposes and theissue of respon-
sibility for design errors (Eastman,
Teicholz, Sacks, Liston, 2011).

To show the real situation regard-
ing the application of BIM technology
in Croatia, a survey of the domestic
market on the same subject was con-
ducted. The aforementioned advan-
tages presented of the foreign markets
research are a clear indication of the
necessity toimplement BIM technology
onthe Croatian market, where the same
actions would make it more competitive
in the global market. This would acti-
vate civil engineering profession and
raise the Croatian economy from the
current recession. BIM provides a sig-
nificant increase in productivity, more
accurate and detailed analysis of the
project, quality collaboration, rapid
changes, early detection of problems
and a host of other benefits that provide
a rapid return on investment (Intelika
BIM, 2015).

All these facts were the reason
for the methodology development of
the BIM implementation in education
which acquired basic BIM skills, but
also knowledge about the proper work
and thinkingin a collaborative environ-
ment where they are left to everyone
involved in the process of developing
the project. Proper use of this devel-
oped methodology is illustrated with
concrete examples and the methodol-
ogy itself is validated through educa-
tion of students of Civil Engineering in
Zagreb. If the developed methodology
proved to be successful, methodology
steps can be usedto further practicein

the stages of preparation and execution
of the project, but also education.

Therefore, the main objective of
this article is to develop a methodol-
ogy for the correct application of BIM,
which will increase the use of BIM in
the Croatian construction practice that
is currently in very poor condition and
which will be applied in the education
of engineers. For these reasons the
article will be designed in a way that
we will initially define the basic prob-
lems, hypotheses and objectives of the
operation and furthermore we will show
the literature review, development of
the methodology and validation of the
same on real example.

Problems, Objectives And
Hypotesis Of The Resarch

The following research problems were

identified that initiated this study:

P low awareness of Croatian civil engi-
neering of BIM issues

P lack of information on the proper
application of BIM technology

» difficulty to accept the changes and
the introduction of innovation in
business

P weakness of the proper and quality
education

» non-involvement of state authorities
in order to encourage the application
of BIM approaches

P glut on the market with new techno-
logical tools which causes confusion

» different perspective of the
stakeholders

P incompatibility of the software used
in the same purpose

P current lack of integration work pro-
fessions involved in the development
of the project for which the faults
occur, project delays and increase
costs that exceed the planned budget

P For the purposes of this study, we
formulated the two main hypotheses
of work:

» Hi: By applying BIM methodology
in construction projects, the partici-
pants, in the preparatory phase and
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US, Canada

Japan, South Korea

Australia, New Zeland

UK, France, Germany

Brazil

I 1-2years

|

|

M 3-5years

28% 8%

17% 3%

9% 2%

3% 9%

3% 0%

6-10 years 11> years

Figure 1. Period of BIM use in companies around the world

(McGraw Hill Construction, 2013)

in the execution phase of project
construction can: achieve higher
productivity and quality of work,
have control over all the informa-
tion and changes within the project
early on to identify possible errors,
provide more detailed and precise
analysis of the project, collaborate
with other participants through joint
work interactively, and thus achieve a
high level of communication, identify
problems early in the project, faster

Mechanical/ Sheet Metal/ Plumbing Contractor

Electrical Contractor
Curtain Wall Fabricator/ Installer

Civil/Site/ Geotechnical Contractor
Concrete/ Masonry Contractor
Drywall/ Ceilings Contractor

Table 1. Using BIM considering the given nature of the project (McGraw Hill Construction, 2013)

and more accurately make cost esti-
mates, control compliance with the
schedule, achieve higher profits and
faster return on investment.

» H2: By applying BIM methodologies
in the education of civil engineers,
the students can more efficiently and
effectively understand the process of
preparing, monitoring and control of
construction.

P The above problems and hypotheses
of work opened to us the whole topic

61% 70% 51%
63% 61% 50% 57%
77% 68% 60% 36%
50% 58% 43% 27%
80% 52% 57% 46%
60% 50% 50% 35%
50% 58% 33% 13%

of research in which will prove them
to achieve the following objectives:

» make a comparison of the Croatian
and world market investigating com-
panies benefits of BIM

P explore the perception of BIM tech-
nology in the construction industry

P develop a methodology for the
proper application of BIM applica-
tionsin the technology and construc-
tion management

P prove justification developed meth-
odology through its application in
education

Current Resarch
In order to enter into consideration
of these themes is necessary to
review current research on the issue
of same. The first segment of the cur-
rent research represent research the
market to gain insight into the level of
awareness and application of BIM in
various countries, the manner of its
application, the business benefits that
users notice when applying BIM and
disadvantages of applications, with the
aim of improving the entire approach.
McGraw Hill's Construction research
finds out that the Brazil is beginner
in the application of BIM where 70%
of companies use this concept 1 or 2
years. European countries have the

Aus/ South
Steel Fabricator/ Erector 66%

48% 62% 37% 62% 41%
38% 66%  24%  24%  24%
35%  35% 16% 18% 10%
31% 21% 32% 21% 35%
38% 12% 39% 21% 7%
8% 13% 21% 13% 11%
19% 7% 12% 8% 12%
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same number of those companies
who have been applying BIM for 1 - 2
(47%) and 3 - 5 (41%) years, which also
prove recent entry of BIM in UK, France
and Germany. Australia, New Zealand,
Japan and South Korea have more than
50% of those who have applied BIM for
three years and more, but still cannot
be said that this countries are experts
in the application of the same. At the
top of usage are US and Canada with
more than 35% of companies which
have been applying BIM over 6 years,
and only 14% are beginners who use
it 1 or 2 years. These facts prove that
listed countries have more BIM experts
than any other country. This data and
more details you can find in figure 1.

In table 1 it is shown that most
of the considered countries have an
investment in BIM technology that is
more than 50% of all private invest-
ments. Furthermore, the percentage
of BIM application in these projects is
in direct correlation with the activity of
the government and government agen-
cies to promote the adoption of BIM. In
United Kingdom, the United States and
Canada, where the government intro-
duced mandatory application of BIM
during the execution of public facili-
ties, the percentage of applications is
very high in comparison with the rest
of the country. In case of residential
buildings and single-family houses the
number of expectedly lower because
of smaller projects are less complex
and have lower costs (McGraw Hill
Construction, 2013).

Due to the unevenness of applica-
tion of BIM techniques throughout the
countries of the world and because
of different preferences and knowl-
edge of experts, consequently have
evolved standards that balance all of
the above. Institutions that help the
unification of standards are various
government organizations, profit and
non-profit organizations, consultants
and companies that develop software
support. The most important organi-
zations in the development of BIM is
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considered the International Alliance
for Interoperability (IAl), which in 2005
changed its name to buildingSMART.
Its main tasks are to deal with improv-
ing the exchange of data between
multiple applications of the construc-
tion industry. BuildingSMART has
developed a neutral and free platform
Industry Foundation Classes (IFC) with
the task of becoming a standard format
for all collaborative BIM software. IFC
isrecognized as an international stan-
dard, and is finally registered as ISO
16739. There are currently more than
150 software tools that support IFC
(BuildingSMART, 2015).

Its main objective is to achieve uni-
versal standards that are applicablein
every nation of the world and to con-
nectand cover thevisualand structural
data. Forits development helped many
techniques and tools (Fu, C, Aouad,
G., Lee, A., Mashall-Ponting, A., Wu,
S., 2005). IFC is created in collabora-
tion with an independent, non-gov-
ernmental International Organization
for Standardization (1SO). Beside IFC,
listed organizations are created stan-
dardized BIM information which are
(Hill, T., Steele, R., 2014):

» Base BIM dictionaries -> build-
ingSMART Data Dictionary (bSDD) -»
1SO12006-3,

P Process data -> Manual delivery of
information (IDM) -> 1S029481-1.

With the development of these
global standards we single out one
example of a project created with BIM
software together with the application
of these standards. Thus we see that
the preceding considerations are not
just a theoretical thinking, but on the
contrary, itis applied to highly complex
projects that, without the involvement
of BIM approach to the whole process,
might not even be able to perform. The
mentioned example is the railroad
Croassrail, which is one of Europe's
largest construction projects and
built by a multinational company Arup

Group Limited (ARUP). Named company
welcomed the encouragement of the
British government that by 2016 BIM
techniques should be implemented in
all public sector projects (ARUP, 2015).
The Crossrail railways construction is
underway with currently about 8,000
employees working at 40 sites across
the railroad tracks. The planned costs
are £ 14.8 billion and they, together
with deadlines, make the biggest risk
of the project (MacLennan, P., 2015).
The goal of this project is to be the
first infrastructure project that is
fully integrated through a 3D model.
All elements are optimized in order to
ensure lower capital investmentand in
order to maintain the minimum invest-
ment in the railways built in the near
future. Trains of the railway will be fully
opened to traffic by the beginning of
2020 (Webb, S. 2015).

Results of market research open the
second segment, which is the research
of BIM software. In doing so, the
opinion of those who apply the same
become the basic information for the
necessary modifications to the tools to
be applied, while the functionality of
existing software is constantly leads
to a greater degree. Moreover, these
results allow the development of new
businesses BIM tools and expansion
of use thereof and to the various other
areas. Today, the widespread use of
BIM in the field of architecture, struc-
tural engineering, MEP (mechanical,
electric, plumbing) design and con-
struction until the level of applica-
tionsinthe areas of sustainability and
facility management currently is at a
slightly lower level. The reason is the
late entry of BIM in these areas but also
the fact that through the time they get
more and more important (Eastman,
Teicholz, Sacks, Liston, 2011). Below
is a list of BIM software classified in 6
areas of application (table 2).

The third segment of the research
relates to the properapplication of BIM
approaches in education. This repre-
sents not only the knowledge of the
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individual BIM software, but also the
adequate implementation of the same,
then the ability to workin a collabora-
tive virtual environment, interoperable
cooperation with all those involved in
the project. That canalso be used in the
education of all those who BIM apply.
Here we come to the idea of BIM educa-
tion which represents the application
of BIM concept in education in order
to acquire skills which are mentioned
in the text above and as such are the
basic of the correct implementation
of BIM. At many universities around
the world and Croatia for quite some
time, students have been working on
projects using 3D models, however,
BIMtechnologyisinits full sense rarely
used as part of a college education.
Most research on the proper appli-
cation of BIM in education has been
conducted on students of architecture.
Conclusion is that creating and working
with a 3D model is not as demanding
work, on the contrary, quite intuitive
job, and students who are computer
literate, and it is today most of them,
can be done within a few days to fully
overcome (Friedrich, Kubecka, 2013).
The term BIM education does not mean
just creating and working with the 3D
model, but how we can get the informa-
tion we need for our particular profes-
sion in this model and then manage
and properly use them. In addition,
interdisciplinary environment is one
students are not familiar with because
within student education do not meet
with it (Malachy, 2012). To all of the
above correctly transposed to the stu-
dents we have to observed two things;
a curriculum which teachers have to
keep and the way that they represent
it to the students. In addition, learn-
ing should stimulate an objective fact
reasoning. The introduction of such
an approach in education brings many
benefits while more students can work
on the same project, work together to
solve problems from different fields at
the same time from different locations
(Elinwa, Agboola, 2012). Furthermore,

the introduction of BIM in classes stu-
dents begin to look critically at their
actions because they, in a complex
environment, could see how some of
their demands can cause various prob-
lems in other professions (Fonesca,
Villagra, Marti, Redondo, Sanchez,
2012). It was also shown that students
learn fasterif they were given arealistic
project thatis taughtin the classroom
because such cases are better simulate
real conditions and facilitate the idea
of integration with other projects and
optimizing project plans (Peterson,
Hartmann, Fruchter, Fisher., 2010).

Metodology Of The Analysis
We analyzed the Croatian market in
order to get insight into the applica-
tion of BIM technology in Croatia
practice. Research was conducted
through electronic survey consisting
of 16 questions of 3 types: ‘yes/no’
questions, a choice of answers and
providing choice of numbers in Likert
scale from 1 to 4 with a possibility to
answer ‘Not familiar’. The ideas for the
concept questions were taken from
'Smart Market Report' published by
McGraw Hill house. The result of such
structures of the questions are mixed
complex of mutually dependent and
independent data where we used index
of relative importance (RII). RIl refers
to the value in the interval from o to 1.
The highervalue of the Rll index s, the
more important and better perception it
gets. The same s calculated according
to the formula:

RII=§V

A°N

P> W is the assessment and response
of the individual participants in the
survey,

P Ais the highest score of all partici-
pants in the survey,

P N is the sum of all participants
in the survey (Dolacek Alduk,
Z., Radujkovié, M., Vukomanovié,
M., 2012).

Through the work we developed
a methodology that can be applied
to basic education and the stages of
preparation and implementation of
projects, not only among students,
but also among the participants who
are involved in project development.
All of them who apply the same need
to acquire basic knowledge of BIM and
use of software so that they can get
insight into: 3D models, 'intelligent’
facility, collaborative environment, the
way of thinking in a virtual environment
and 5D projects. Contemplated soft-
ware are Excel, Gala, Microsoft Project,
Revit, Allplan and Navisworks. We will
show 5 combinations of this software.

For the purpose of validation of
developed methodology, also for the
test of the pilot project performance,
we introduced BIM technology within
the education of master students of
Construction Management course at
the. The students were surveyed twice.
The first time before the application
of BIM and the second after the BIM
conceptwas introduced. The main aim
was to show their level of awareness on
this topic and the level of satisfaction
after they had felt the BIM benefits.

BIM Perception In Croatia

Descriptive statistics
The sample of the Croatian market
regarding BIM knowledge were 25
employees from micro companies
(31%), 19 (22.9%) from small compa-
nies, 17 (20.5%) from middle compa-
nies and those from large companies
20 (24.1%). Most of the surveyed
companies have the smallest income
<2 million peryear - 37 (49%). Besides
the smallest income companies there
were participants who claim that they
are from the firms who have profit 2
to 10 million euro’s and 10 to 50 mil-
lion euro’s peryear-14 (18%) and those
who have 50 million euro’s profit per
year- 11 (15%).

83.1% of participants were civil engi-
neers while the others are architects
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Which BIM tools do You know?

Microsoft

P ArchiCAD

Revit Civil 3D Navisworks Vico Bentley Nemetschek

RII 0,459 0,437 0,568 0,412 0,41 0,42 0,515 0,49

1202

Table 3. Analysis of the answers on the question ‘Which BIM software do you know?’

(4.8%), electrical engineers (2.4%),
geodes (1.2%), mechanical engineers
(1.2%) and others represented in small
numbers (6%). The majority of partici-
pants in the survey claimed that they
are operational manageress (project
manager, team member) - 52 (63%), a
little bit less said that they are involved
in a high management (administration,
executive part) - 23 (27.7%) and just 7
of them (8.4%) are involved in a middle
management (department head).
We conclude that operational man-
agemeners working on site, contrib-
uted most to the survey results. From
the perspective of contractors and non-
contractors a quarter of participants
classified themselves in first group, a
tree fourth of them in the second one.

Discussion and result analysis

The answers showed that more partici-
pants knew what the concept of BIM
technology means, however, 38% of
all participants who did not know what
is the meaning of BIM technology, is a
surprisingly big percentage. This is just

another indicator of how slow global
trends creep into our market. We can
conclude that the Croatian construction
sector was aware about the BIM tech-
nology, but the majority of respondents
were not aware of the IT tools on the
market nor of their right purpose (this
was indicative with the high perception
of Microsoft Project as a BIM tool).

Table 3 shows participants percep-
tion of the selected ITtools used within
the building processes

To analyze the results, we made a
new scale from 1 to 5 where 1 means
‘Not familiar with’, 2 means ‘poor per-
formance’, 3 means ’average perfor-
mance’, 4 means ‘good performance’
and 5 means ‘excellent performance’.
The most frequently used software
in the Croatian practice is Microsoft
Project (RIl=0.568), with whom are
familiar two thirds of respondents, and
as such received the highest marks but
must note how the same is not a BIM
software. That fact only confirms that
BIM technology in Croatian practice
used in a very small percentage. BIM

software ArhiCAD (Rll=0,515) is the
most used one in Croatia whereby its
performance are rated as average and
software Nemetcheck (RIl=0,490) with
a little bit lower grades of performance.

In the next question we wanted to
getapicture of the benefits to the com-
pany while implementing BIM in the
business which are shown in table 4.

The scale has been formulated in
the following manner. 1 means ‘BIM in
a particularactivity isirrelevant to the
activity’, 2 means ‘BIM importance is
taken into account for this particular
activity’, 3 means ‘BIM is applicable
in a particular activity’, and 4 means
‘BIM is a necessary for this activity’.
By analyzing the results, and conse-
quently the relative importance index
(RI) we see that the advantages of the
application of BIM in business Croatian
companies is ‘Reduction of repetitive
and time-consuming procedures’ which
is rated as the most important prior-
ity (RIl=0.900), followed by ‘Reducing
errors’ (RIl=0.800) and the third promi-
nentadvantage states ‘Reducing costs

Which are the advantages of BIM implementation?
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RII 0,8 0,75 0,9 0,8 0,75 0,6 0,65 0,65 0,75 0,75 0,65

Table 4. Analysis of the answers of the question ‘Which are the advantages of BIM implementation?’
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of business and projects’ (Rll=0.800).
The results show that the partici-
pants are aware of the benefits that
BIM brings; however it is important
to consider the fact that few Croatian
companies apply BIM properly in their
business, so we can still find this
singled out benefits, that individual
participants gave, just a speculation.
The mutual similarity of the results
confirms this fact.

Development Of Methodology
For The Correct Application

Of BIM

The methodology was developed on
the concrete examples of buildings
and civil engineering. The study was
started with knowledge of Excel and
Microsoft Project, and a basic knowl-
edge of Revit, Navisworks, Allplan and
Gala and tested in education of the
master students of the Construction
Management course at the University
of Zagreb, Faculty of Civil Engineering.
In following section we will show the
five combination of BIM we used when
developing the methodology for the
preparation and execution phases.

The combinations

Combination 1 - Revit + Excel + Gala
Creation process is as follows: making
3D model in Revit, exporting bill of
quantities and IFC from Revit, making
cost analyzes and estimation with Gala,
calculating the activities duration using
Excel, connecting the model and costs
with plan and finally displaying con-
struction simulation in Gala. In the figure
2 we can see steps of combination 1.

We conclude that Excel is in the
process of time planning unnecessary
as Gala independently calculates the
duration of the activity and the required
number of groups. The combination
was rejected because of the unneces-
sary steps and unnecessary inclusion
of additional software for calculations
of duration.

BCTeEom 2 alam

<Donji dio temefia>

mos

Ugna

Figure 2. Combination 1

Combination 2 - Revit + Gala
Creation process was as follows:
making 3D model in Revit, exporting
IFC from Revit to Gala, making bill of
cost, time plan and construction simu-
lation uses Gala. In the figure 3 we can
see steps of combination 2.

In order to use this combination of
software required is extremely well-
prepared 3D model and simplify it as
much as possible. A combination as
such is rejected for use in educating
students, because our initial request
is not achieved, concretely making 5D
project.

Combination 3 - Revit + Gala +
Microsoft Project + Navisworks
Creation processis as follows: making 3D
model and bill of quantities using Revit,
making cost analysis and bill of cost with
Gala, preparing time plan with Microsoft
Project and finally connecting all these
parts in Navisworks, in order to obtain
the purpose of the construction simula-
tion with cost display. In the figure 4 we
can see steps of combination 3.

The combination was good because
all the parts are accurately made, but
the incompatibilities of software were
observed. This is why we proceeded to
the next combination in order to avoid
the redundant software i.e. Microsoft
Project.

Combination 4 - Revit + Gala +
Navisworks

Creation process is as follows: creat-
ing a 3D model and bill of quantities
using Revit, making bill of cost and time
plan using Gala, exporting plan to.mpp
format and connecting plan with the
model and costs to make a 5D construc-
tion simulation using Navisworks. In
the figure 5 we can see steps of com-
bination 4.

This combination worked well,
showed the minimum of used soft-
ware applications and the most effec-
tive results.
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Figure 3.
Combination 2

Combination 5 - Allplan + Gala +
Navisworks

Creation process was as follows: creat-
ing a 3D model and bill of quantities
using Allplan, making bill of cost and
time plan using Gala, exporting plan to
.mpp format and connecting plan with
the model and costs to make a 5D con-
struction simulation using Navisworks.
Inthe figure 6 we can see steps of com-
bination 5.

The above combination was good
forusein elementary education in BIM
that shows the role of the IFC standard
form modelthatis used forthe transmis-
sion of information through a variety of
software. Furthermore, the combination
isa good example of making 5D project
engineering, but as Revit found to be
more compliant with the IFC export in
GALA we stayed with the combination 4.

With listed combination we identi-
fied advantages and disadvantages of
individual software together with iden-
tification of their performance and use.
Furthermore, we examined the trans-
mission of IFC forms within the software
and conclude that combination (Revit +
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Gala + Navisworks) has proven to be the
most appropriate for the application of
BIM in education.

Correct use of methodology on real
example
To illustrate the proper application of
developed methodology we applied
the same in the case of the Civil
Engineering building in Zagreb. This
example served as basic example for
student assignments, but also as cor-
rect example of making 5D project for
the participants who will eventually
use them in practice.

3D modelwas made using Autodesk
Revit software and is shown in figure
7. It was made as reinforced concrete
structure that consists of the follow-
ing elements: foundations, foundation
slab, columns, lintels, ceiling and stairs
while the walls are made of brick.

Bills of quantities were exported
to .txt form also from Revit software.
Its purpose is to show specific type
of elements and their quantities and
they are specially adapted to make cost
analysis. Cost analysis and bill of cost

were made using software Gala. After
importing IFC model in Gala, we can
mark the elements that will be used
fora specific price analysis which auto-
matically calculates the total amount
of labeled elements. The schedule was
made with Gala calculating with work-
ing groups, theirnumber, out-turn and
material quantities. Simulation of con-
struction was made using Navisworks
Manage software where elements of
object where labeled to plan activity.
In addition, cost was entered to each
activity, in order to obtain a 5D proj-
ect. In the end, we exported a video
simulation that showed areal planned
construction simulation.

Models made for student case
studies

Forthe purpose of testing the method-
ologyin education we made 15 models
(figure 8) in Revit so that students could
work in pairs solving their case studies
based on the example of the building of
Civilengineering faculty that we made.
Students followed this phases except
forfirst step- drawing 3D model in Revit
because they would not have enough
time and education in that short time
to make the same so we had to prepare
them instead. Therefore, they can start
from the second phase-exporting bill
of quantities. Each model building con-
struction had elements that required
the application of different norms when
making cost analysis (concrete ring
beams, columns, beams, slabs, foun-
dations, lintels, slanted board, basic
boards, stairs, concrete walls, partition
to load-bearing brick walls). In doing
so, we did not want to get students
to focus on the shortcomings of the
software but to obtain basic BIM skills.

Validation Methodology Through
Results Student Surveys

To validate the methodology we sur-
veyed the students twice. First time
before and second time after BIM edu-
cation. Survey results indicate that
most students before the education
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were not familiar (YES; 30%, NO: 70%)
with the concept of BIM technology and
after, with the help of adequate training
that provided basic BIM knowledge, all
the students gave a positive answer. In
figure 10 the survey results also show
that in the beginning students were
not familiar with BIM software tools.
Only one student was familiar with
e Gala before making case study but
after making their case studies, stu-
dents were able to evaluate perfor-
mance of Revit, Gala and Naviswork
software. Generally, students were
satisfied with the software which they
applied fortheir case studies. Average
evaluation of the same was following:
= Gala - grade 4, Revit - grade 3 and grade
4, Navisworks - grade 3 and grade 4,

MICROSOFT which means that students think that
NAVlSWORKS PROJ ECT the performance of the software is

quite satisfactory.

Furthermore the results have
showed that Revit (software for cre-
ation 3D models and bills of quanti-
ties) had very good performance as
evidenced by high survey scores. The
ignorance was the reason for the occur-
rence of possible problems wherein
the same can easily be solved with
the help of vendors and profession-
als who use it. For Gala (software for
costanalysis and time plan) we noticed
lack of cooperation with elements
after importing IFC model from Revit,
therefore we had to insert quantities of
some elements manually. Gala’s origi-
nal use was to calculate bill of costs
the function where we could not have
found. Furthermore, making the time
schedule is not recommendable for
more complex models, as it was in our
case with the building construction. We
can conclude that Gala’s performance
is not good enough for time planning
and 4D simulation but itis excellentin
cost estimation. Having a less complex
projects, students could not make the
NAVISWORKS same conclusion and the distinction
but for less complex projects Revit and
Galawere compatible. Student survey
Figure 5. Combination 4 shows avery high grade for Gala. Then

Figure 4. Combination 3

il [Elea
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Figure 6. Combination 5

for Navisworks Manage (software for
3D model, time plan and cost connec-
tion) we noticed that schedule, cost
estimations and 3D elements need to
be well planed and well suited before
start of their connection. If all those
parts are not well prepared and incom-
patible it requires additional work and

constantly returning to the first stage.
Finally, the student survey showed a
very high grade for Navisworks.
Theresults show that the methodol-
ogy was successfully developed and
applied to the education of students
and as such can be applied in practice
and the further stages of preparation

Figure 7. 3D model of Civil Engineering building in Zagreb
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and implementation of the project. Also
it can be developed in education to a
higher level on the required level of
individual participants who will apply
to the same.

Conclusion

In This Article We Have Shown That:

P the proper application of BIM soft-
ware and so far developed standards
enables a company to achieve com-
plete control of information and
a number of benefits in the busi-
ness for which is BIM continuously
expanding its application and is
experiencing considerable growth
around the world countries,

P Croatian construction companies
are familiar with the term BIM tech-
nology, but they rarely applying the
same in practice,

P the developed methodology can be
applied in practice, in the phases of
preparation and execution of the con-
struction projectin orderto achieve a
better communication and coopera-
tion between the participants.

All of the above confirmed the first

hypothesis.

Also we have proved that:

P the BIM education and its accessibil-
ity to the public is associated with
greater awareness about BIM and a
higher percentage of companies that
use BIM and properly implement in
their own operations

P the students who used developed
methodology improved: communi-
cation skills, critical thinking, the
ability to perceive potential prob-
lems, a way of creative thinking in
solving problems in a collaborative
virtual environment which in the end
allowed them to observe the conse-
quences of each decision

P the methodology that was developed
and applied to the education of stu-
dents has been proven as successful
and as such can be used to further
practice in the phases of preparation
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Figure 8. Models made in Revit for student education

and execution of the project, and
develop its use in education, depend-
ing on the required level of individual
participants who will apply the same

Therefore the hypothesis Hz2 is also

confirmed.

So the developed steps (figure 10)

that can be used in the preparation and
execution of the project and thereby
present BIM software are as follows:

1.

preparation of 3D models using
Autodesk Revit or Nemetschek
Allplan software,

. preparation of bills of quantities

using the software Autodesk Revit
or Nemetschek Allplan,

. cost analysis using software Gala,
. creation of schedule using soft-

ware Gala,

. preparation of the construction

simulation with the display cost
(5D project) using the software
Navisworks.

The exchange model through the above
software is done using a standard form
of IFC model to achieve complete con-
trol of information, and the exchange of
the time plan carries outas.mpp form.

Gala Revit Navisworks
35 35 35
30 30 30
25 25 25 |-
20 20 |~ 20 |~
15 15 [~ 15 -
10 10 10
L 5 |
° INI;AL OUTPUT ° INITIAL | OUTPUT ° INITIAL | OUTPUT
N/A 29 o N/A 30 o) N/A 30 0
1 ) 5 1 ) ) 1 ) 1
"2 1 1 ) 0 4 ) 0 8
"3 o) 9 "3 o 13 "3 o) 10
4 o) 15 "y 0 13 A o) 11

Figure 9. Graphical display of the initial and output survey responses on the question: ‘Do you know this software?
If yes, mark on scale 1 to 4 their performance (1 is bad performance, 4 is excellent performance).’
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Figure 10.
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q Sl representation o
the methodology
steps and related
l l l l l BIM software
IFC .mpp
Revit/Allplan ———  Revit/Allplan —— Gala _— Gala _— Navisworks

As discussed topics are just in their
early development stage we propose
the following research:

P inclusion of other BIM tools which
would enable a development of a
number of methodologies for the
BIM implementation inclusion of addi-
tional resources (labour and equip-
ment) in construction simulation

P extending the BIM approach to the
other courses at the Construction
Management education

We hope that the methodology devel-
oped in this study will help to better the
education of Civil Engineering students.
Furthermore, we hope that this meth-
odology will serve the practice through
the project phases of preparation and
execution.
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