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• Public University 
• Established: 1669 
• Oldest and biggest in South‐East Europe
• Research oriented, contributing over 50% to the total research output of

the country
• 29 faculties + 3 art academies
• Bachelor's, Master's and Doctoral degrees 
• Arts, Biomedicine, Biotechnology, Engineering, Humanities, Natural and 

Social Sciences
• Students: 70,000
• Academic staff: 8,000

UNIVERSITY OF ZAGREB / BASIC FACTSUNIVERSITY OF ZAGREB / BASIC FACTS
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• Public institution of higher education, scientific and educational unit of the
University of Zagreb

• Established in 1984 
– professional studies from 1962
– university studies from 1968

• Bologna system (3+2+3) introduced in 2005
• Undergraduate, graduate and postgraduate study programmes
• Academic staff: 120

– Professors: 50
– Assistants/Researchers: 70

• Students: 2,200

FACULTY OF TRANSPORT AND TRAFFIC SCIENCES  (FTTS) / BASIC FACTSFACULTY OF TRANSPORT AND TRAFFIC SCIENCES  (FTTS) / BASIC FACTS
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Undergraduate and graduate study 
programmes

University of Zagreb
FACULTY OF TRANSPORT AND 

TRAFFIC SCIENCES

orientation:
• ROAD TRAFFIC
• URBAN TRAFFIC
• INFORMATION AND 

COMMUNICATION TRAFFIC
• POSTAL TRAFFIC
• WATER TRAFFIC
• AIR TRAFFIC
• RAILWAY TRAFFIC

Study 
TRAFFIC

orientation:
• INTELLIGENT  TRANSPORT   SYSTEMS
• LOGISTICS

Study
ITS AND LOGISTICS

Study
AERONAUTICS

module: PILOT
• orientation : MILITARY PILOT
• orientation: CIVIL PILOT

module: AIR TRAFFIC CONTROLER

Undergraduate study – 6 semesters / 180 ECTS 
Graduate study – 4 semesters / 120 ECTS



www.fpz.unizg.hr

Roadandurban traffic flowanalysis andprediction

Program za makrosimulaciju prometa Visum
PTV AG, Karlsruhe, Germany

Program za mikrosimulaciju prometa Vissim
PTV AG, Karlsruhe, Germany

Program za projektiranje raskrižja i 
prometnica AutoTURN Pro 3D ‐ Transoft

Solutions, Richmond, Canada 

Program za modeliranje 
prometnog toka na raskrižju 
JUNCTION ‐ ARCADY 

Program za analizu prometa u 
raskrižju Sidra Intersection ‐ Akcelik
& Associates Pty Ltd, Greythorn, 

Australia 
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Railway system simulation and railway traffic safety analysis

Program za modeliranje i simulacije u željezničkom prometu OpenTrack
Swiss Federal Institute of Technology, Zürich, Switzerland

Program za modeliranje i simulacije u željezničkom prometu RailSys
Rail Management Consultants GmbH (RMCon), Hannover, DeutschlandDigitalno upravljiva maketa željezničkog sustava

Autostop uređaj  RAS 8385



www.fpz.unizg.hr

Informationand communication systems, networksand
services forensic andoptimisation

Komutacijski čvor ERICSSON BP 50 

Sustav za cjelovitu  forenzičnu analizu
Cellebrite‐UFED‐Touch

CISCO aktivna mrežna oprema

OPNET Wireless Module
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Uređaj za praćenje pokreta Kinect 
Microsoft, Redmond, Washington, USA 

Komplet za robotiku Mindstorms LEGO 
Group, Billund, Denmark

Sučelje za komunikaciju čovjeka s 
računalom korištenjem električnih 

aktivnosti mozga 
EPOC Emotiv Systems, San 
Francisco, California, USA 

Komplet mikrokontrolera s osjetilima
Arduino, China  

Sustav za vizualizaciju prividnog svijeta Oculus
Rift DK2 

Intelligent transport system technologies

Aplikacija za optimizaciju usmjeravanja 
dostavnih vozila, Fakultet prometnih znanosti
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Techical crashanalysis (crash test)
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Traffic signalisation inspection

Measuring vehicle with road markings retroreflection detection and analysis
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Air traffic simulation andairport system design

Pathplanner Airside
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Flight and flight control simulator

Simulator letenja za rad višečlane posade, 
jednomotorni i višemotorni zrakoplov i 
turbo‐prop zrakoplov 
Elite FNTP II S923
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Faculty expertise
• Planning, analysis, design, modeling, 
optimisation and implementation of systems and
processes, feasibility studies preparation, cost‐
benefit analysis, project management and
knowledge dissemination

• Smart, safe, green, efficient transport and traffic
– road, urban, railway, water, information and
communication, postal, air, aeronautics, air traffic
control, intelligent transport systems, logistics

• Undergraduade, graduade and postgraduade
(doctoral) education, lifelong learning
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DECISION MAKING IN TRANSPORTDECISION MAKING IN TRANSPORT
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DECISION MAKING IN TRANSPORTDECISION MAKING IN TRANSPORT

 Decision making is based on the results of evaluation of the proposed 
alternative solutions of the project

 Decision making – transport knowledge, creative thinking

 Creative people are driven by a feeling that something new and different
needs to be done, and are passionate about transforming inner vision into
external reality. (Thomas L. Saaty)

 In practicing creativity we need to be big in heart, generous in spirit, and
both imaginative and logical in mind.

 None of us is perfect, but there is no harm in trying.  
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DECISION MAKING IN TRANSPORTDECISION MAKING IN TRANSPORT

 Creative thinking – numerous exercise examples

 Exercise 1: 
Connect the following dots, using four straight lines. Do not lift your pencil
from the page. This is a calssic example of creativity.

. . .

. . .

. . .
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Neznanstvene metode:

The method of perseverance: habit or inertia supports attitude,
belief in a claim

Method of authority: a reference to the authority of a person
regardless of his own opinion, or the result of research

The method of intuition: trying to be guaranteed for a belief which
is based on decision maker attitudes, and attitudes that are
"obviously true”.

Methods wth no scientific backgroundMethods wth no scientific background
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METHODS FOR PROJECT EVALUATIONMETHODS FOR PROJECT EVALUATION

One criteria

Several
criteria
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SWOT
ANALYSIS

AHP 
(MCDM)

COST-
BENEFIT 

ANALYSIS

SELECTED METHODSSELECTED METHODS
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Strengths
Weaknesses
Opportunities
Threats

SWOT ANALYSISSWOT ANALYSIS

Main characteristics:

• an advanced method for analyzing the selected strategies and situations,

• rrepresents a comprehensive description of the characteristics of the object of analysis and
as such it can be part of analytical decision‐making,

• it is used to analyze the factors that determine the strength of the object of analysis, its
weaknesses, unused opportunities and possible threats, i.e. dangers, and their critical
analysis gives the basis for developing a strategy,

• the answers obtained by the SWOT analysis should be used in the next phase to make
important strategic decisions, define the mission and vision, future objectives, and the
strategy which will all help in realizing the set objectives,

• simple way of communicating and is an excellent choice for organize information from
studies or surveys

• the data are organized in the so‐called SWOT matrix.
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Internal
factors

External
factors

STRENGTHS

(S)

WEAKNESSES

(W)

OPPORTUNITIES

(O)

THREATS

(T)

THE BASIC SWOT MATRIXTHE BASIC SWOT MATRIX
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STRATEGIES ‐ SWOT MATRIXSTRATEGIES ‐ SWOT MATRIX

Internal
factors

External
factors

STRENGTHS

(S)

WEAKNESSES

(W)

OPPORTUNITIES

(O)

S – O
(Maxi‐Maxi strategy)
Using a strength to 

maximise an opportunity

W – O
(Mini‐Maxi strategy) 

Improving capability to 
maximise an opportunity

THREATS

(T)

S – T
(Maxi‐Mini strategy) 

Minimising a threat with a 
strength

W – T
(Mini‐Mini strategy) 

Minimising weaknesses 
and threats at same time
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COST BENEFIT ANALYSISCOST BENEFIT ANALYSIS

 The cost‐benefit analysis is a methodological procedure for making rational investment decisions and 
represents a procedure of determining the social costs and social benefits in the public sector.

 The function of objective is usually the growth of social product, national revenue or raising of quality of the 
public good. 

 The focus is on maximizing social benefits. It is used to methodologically examine the costs, benefits and risks 
of all the options, and to determine the cost‐most efficient methods of achieving the set goals. 

 The basic characteristic of this method is to determine, harmonise and evaluate all the advantages and 
drawbacks of a project, in order to use this basis to determine the outcome of the investment project, which 
allows making of the decision about the realization of the project. 

 The relation between the costs and benefits should be the criterion of making the decision about the 
economic justification of the project.

 The cost‐efficiency of several years of investments, i.e. long‐term investments, is evaluated by means of 
several indicators which are usually:

 B/C ratio,

 internal rate of return (IRR),

 net present value (NPV),

 relative net present value, 

 payback period.
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https://ec.europa.eu/r
egional_policy/source
s/docgener/studies/p
df/cba_guide.pdf
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MULTI‐CRITERIA DECISION MAKINGMULTI‐CRITERIA DECISION MAKING
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Typical steps in Multi‐Criteria Decision MakingTypical steps in Multi‐Criteria Decision Making
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MULTI‐CRITERIA 
DECISION MAKING

MULTI‐TARGET 
DECISION MAKING

MULTI‐ATRIBUTE 
DECISION MAKING

The Analytic Hierarchy Process
(AHP method)

MULTI‐CRITERIA DECISION MAKINGMULTI‐CRITERIA DECISION MAKING
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MULTI‐ATRIBUTE DECISION 
MAKING – methods

method of domination

ELEKTRE I–IV

PROMETHEE I–IV

AHP

VIKOR

etc.

MULTI‐TARGET DECISION 
MAKING – methods

multicriteria simplex method

Zionts–Walleniusova method

method STEM

Etc.
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Main characteristic of AHP method)Main characteristic of AHP method)

 Method for multi‐criteria decision making.

 Founded and developed by Thomas L. Saaty in 1970.

 It allows the use of qualitative, as well as quantitative criteria in 
evaluation. 

 It is a popular and widely used method applied in variety of decisions and 
planning projects.

 Best known and widely used Multi Criteria Analysis (MCA) approach

 Real world decision problems.

 Wide range of applications to solve complex decision‐making problems in
transportation.

 AHP is implemented in the software Expert Choice .
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Founder of Analytic Hierarchy ProcessFounder of Analytic Hierarchy Process

- August 14, 2017 Pittsburgh
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Quantitative
indicator

Qualitative
indicator DECISION

criteria criteria

alternat
ive

alternat
ive

PRIORITIES

Pa
irw

is
e
co
m
pa

ris
on

s

Main characteristic - AHPMain characteristic - AHP



www.fpz.unizg.hr

Three key steps of the AHP: 

1. Decomposing the problem into a hierarchy – one overall goal on the 
top level, several decision alternatives on the bottom level and several 
criteria contributing to the goal

2. Comparing pairs of alternatives with respect to each criterion and pairs 
of criteria with respect to the achievement of the overall goal

3. Synthesising judgements and obtaining priority rankings of the 
alternatives with respect to each criterion and the overall priority 
ranking for the problem

Key steps of the AHPKey steps of the AHP
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Decomposing the problem into a hierarchy – one overall goal on the top level,
several decision alternatives on the bottom level and several criteria
contributing to the goal

Key steps of the AHPKey steps of the AHP
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Pairwise comparisons:

Pairwise Comparison Matrix A = ( aij )

a33a32a31Alternative 3  (A3)

a32a22a21Alternative 2  (A2)

a13a12a11Alternative 1  (A1)

A3A2A1to

Comparing pairs of alternatives with respect to each criterion and pairs of 
criteria with respect to the achievement of the overall goal.

Synthesising judgements and obtaining priority rankings of the alternatives 
with respect to each criterion and the overall priority ranking for the problem

Key steps of the AHPKey steps of the AHP

For all i and j it is necessary that:

(a)  aii = 1 a comparison of criterion i with itself: equally important

(b)  aij = 1/ aji aji are reverse comparisons and must be the reciprocals of aij
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Intensity of 
Importance Definition Explanation

1 Equal Importance Two activities contribute equally to the objective
2 Weak or slight

3 Moderate importance Experience and judgement slightly favour one activity over another

4 Moderate plus

5 Strong importance Experience and judgement strongly favour one activity over another

6 Strong plus

7 Very strong or demonstrated importance
An activity is favoured very strongly over another; its dominance is 
demonstrated in practice

8 Very, very strong

9 Extreme importance
The evidence favouring one activity over another is of the highest 
possible order of affirmation

Reciprocals of above
If activity i has one of the above non‐zero numbers 
assigned to it when compared with activity j, then 
j has the reciprocal value when compared with i

A reasonable assumption 

1.1–1.9 If the activities are very close

May be difficult to assign the best value but when compared with 
other contrasting activities the size of the small numbers would not 
be too noticeable, yet they can still indicate the relative importance 
of the activities.

Saaty scaleSaaty scale

Type of Scales:

 Nominal ‐ used for labeling variables, without any quantitative value; could simply be called “labels”
 Ordinal ‐ order of the values is what’s important and significant
 Interval ‐ numeric scales in which we know not only the order, but also the exact differences between the values
 Ratio – tell us exact value between units
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Given: Three Vienna‐Trams of different sizes.

Size
Comparison Tram A Tram B Tram C

Tram A S1/S1 S1/S2 S1/S3

Tram B S2 / S1 S2 / S2 S2 / S3

Tram C S3 / S1 S3 / S2 S3 / S3

Tram A Tram B           Tram C

We Assess Their Relative Sizes By Forming Ratios

Comparison MatrixComparison Matrix
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Size

Tram A Tram B Tram C

Size
Comparison

Tram A Tram B    Tram C

Tram A 1 2 6 6/10 A

Tram B 1/2 1  3 3/10                B

Tram C 1/6 1/3 1 1/10                C
When the judgments are consistent, as they are here, any normalized column 
gives the priorities.

Resulting
Priority 
Eigenvector

Relative Size
of Tram

Pairwise ComparisonsPairwise Comparisons
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• Consistency Index is defined as follows:

CI = (max – n) / (n – 1)

(Deviation max from n is a measure of inconsistency.)

• λmax=maximal eigenvalue

• Random Index (RI) is the average consistency index of 100 
randomly generated (inconsistent) pairwise comparisons 
matrices. These values have been tabulated for different 
values of n:

Estimating ConsistencyEstimating Consistency

n 1 2 3 4 5 6 7 8 9 10

RI 0 0 0,52 0,89 1,11 1,25 1,35 1,40 1,45 1,49
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• Consistency Ratio is the ratio of the consistency index to the 
corresponding random index:

CR=CI / RI(n)

• CR of less than 0.1 (“10% of average inconsistency” of randomly 
generated pairwise comparisons matrices) is usually acceptable.

• If CR is not acceptable, judgements should be revised. 
Otherwise the decision will not be adequate.

Estimating ConsistencyEstimating Consistency
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Estimating Consistency – example 3 tramsEstimating Consistency – example 3 trams

Step 1: Pairwise comparison for all alternatives

Tram 1 Tram 2 Tram 3

Tram 1 1 2 6
Tram 2 1/2 1 3
Tram 3 1/6 1/3 1

 1,67 3,33 10,00

Having a comparison matrix, now we would 
like to compute priority vector, which is the 

normalized Eigen vector of the matrix. 
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Estimating Consistency – example 3 tramsEstimating Consistency – example 3 trams

Step 1: Pairwise comparison for all alternatives

Tram 1 Tram 2 Tram 3

Tram 1 1 2 6
Tram 2 1/2 1 3
Tram 3 1/6 1/3 1

 1,67 3,33 10,00

Step 2: Calculation of priority (i.e., normalized eigenvector)

Tram 1 Tram 2 Tram 3

Tram 1 0,60 0,60 0,60
Tram 2 0,30 0,30 0,30
Tram 3 0,10 0,10 0,10

 1,00 1,00 1,00
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Estimating Consistency – example 3 tramsEstimating Consistency – example 3 trams

Step 1: Pairwise comparison for all alternatives

Tram 1 Tram 2 Tram 3

Tram 1 1 2 6
Tram 2 1/2 1 3
Tram 3 1/6 1/3 1

 1,67 3,33 10,00

Step 2: Calculation of priority (i.e., normalized eigenvector)

Tram 1 Tram 2 Tram 3

Tram 1 0,60 0,60 0,60 w1 0,60 6/10
Tram 2 0,30 0,30 0,30 w2 0,30 3/10
Tram 3 0,10 0,10 0,10 w3 0,10 1/10

 1,00 1,00 1,00 1,00000



www.fpz.unizg.hr

Estimating Consistency – example 3 tramsEstimating Consistency – example 3 trams

Step 1: Pairwise comparison for all alternatives

Tram 1 Tram 2 Tram 3

Tram 1 1 2 6
Tram 2 1/2 1 3
Tram 3 1/6 1/3 1

 1,67 3,33 10,00

Step 2: Calculation of priority (i.e., normalized eigenvector)

Tram 1 Tram 2 Tram 3

Tram 1 0,60 0,60 0,60 w1 0,60 6/10
Tram 2 0,30 0,30 0,30 w2 0,30 3/10
Tram 3 0,10 0,10 0,10 w3 0,10 1/10

 1,00 1,00 1,00 1,00000

Step 3: Calculation of consistency index (CI)
a) Calculate the weighted rating for each row in matrix 1
b1 1,80
b2 0,90
b3 0,30



www.fpz.unizg.hr

Estimating Consistency – example 3 tramsEstimating Consistency – example 3 trams

Step 1: Pairwise comparison for all alternatives

Tram 1 Tram 2 Tram 3

Tram 1 1 2 6
Tram 2 1/2 1 3
Tram 3 1/6 1/3 1

 1,67 3,33 10,00

Step 2: Calculation of priority (i.e., normalized eigenvector)

Tram 1 Tram 2 Tram 3

Tram 1 0,60 0,60 0,60 w1 0,60 6/10
Tram 2 0,30 0,30 0,30 w2 0,30 3/10
Tram 3 0,10 0,10 0,10 w3 0,10 1/10

 1,00 1,00 1,00 1,00000

Step 3: Calculation of consistency index (CI)
a) Calculate the weighted rating for each row in matrix 1
b1 1,80
b2 0,90
b3 0,30

b) Approximation of Lambda(max)
1 3,00
2 3,00
3 3,00

 max = 3,00
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Estimating Consistency – example 3 tramsEstimating Consistency – example 3 trams

Step 1: Pairwise comparison for all alternatives

Tram 1 Tram 2 Tram 3

Tram 1 1 2 6
Tram 2 1/2 1 3
Tram 3 1/6 1/3 1

 1,67 3,33 10,00

Step 2: Calculation of priority (i.e., normalized eigenvector)

Tram 1 Tram 2 Tram 3

Tram 1 0,60 0,60 0,60 w1 0,60 6/10
Tram 2 0,30 0,30 0,30 w2 0,30 3/10
Tram 3 0,10 0,10 0,10 w3 0,10 1/10

 1,00 1,00 1,00 1,00000

Step 3: Calculation of consistency index (CI)
a) Calculate the weighted rating for each row in matrix 1
b1 1,80
b2 0,90
b3 0,30

b) Approximation of Lambda(max)
1 3,00
2 3,00
3 3,00

 max = 3,00

c)  Calculate consistency index (CI) CI=(max ‐n)/(n‐1)
n= 3 n is the number of elements that we compared in matrix 1

 max = 3,00
CI= 0,00
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Estimating Consistency – example 3 tramsEstimating Consistency – example 3 trams

Step 1: Pairwise comparison for all alternatives

Tram 1 Tram 2 Tram 3

Tram 1 1 2 6
Tram 2 1/2 1 3
Tram 3 1/6 1/3 1

 1,67 3,33 10,00

Step 2: Calculation of priority (i.e., normalized eigenvector)

Tram 1 Tram 2 Tram 3

Tram 1 0,60 0,60 0,60 w1 0,60 6/10
Tram 2 0,30 0,30 0,30 w2 0,30 3/10
Tram 3 0,10 0,10 0,10 w3 0,10 1/10

 1,00 1,00 1,00 1,00000

Step 3: Calculation of consistency index (CI)
a) Calculate the weighted rating for each row in matrix 1
b1 1,80
b2 0,90
b3 0,30

b) Approximation of Lambda(max)
1 3,00
2 3,00
3 3,00

 max = 3,00

c)  Calculate consistency index (CI) CI=(max ‐n)/(n‐1)
n= 3 n is the number of elements that we compared in matrix 1

 max = 3,00
CI= 0,00

Step 4: Calculation of consistency ratio (CR) CR=CI/RI
CI= 0
RI= 0,52
CR= 0,000 < 0,1 OK
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Step 1: Pairwise comparison for all criteria

Tram 1 Tram 2 Tram 3 Tram 4 Tram 5

Tram 1 1 1/5 3 4 5
Tram 2 5 1 3 4 5
Tram 3 1/3 1/3 1 2 3
Tram 4 1/4 1/4 1/2 1 2
Tram 5 1/5 1/5 1/3 1/2 1

Estimating Consistency
– example 5 trams

Estimating Consistency
– example 5 trams
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Step 1: Pairwise comparison for all criteria

Tram 1 Tram 2 Tram 3 Tram 4 Tram 5

Tram 1 1 1/5 3 4 5
Tram 2 5 1 3 4 5
Tram 3 1/3 1/3 1 2 3
Tram 4 1/4 1/4 1/2 1 2
Tram 5 1/5 1/5 1/3 1/2 1

Tram 1 Tram 2 Tram 3 Tram 4 Tram 5

Tram 1 5,00000 3,40000 10,26667 17,30000 28,00000
Tram 2 13,00000 5,00000 24,66667 36,50000 52,00000
Tram 3 3,43333 1,83333 5,00000 8,16667 13,33333
Tram 4 2,31667 1,11667 3,16667 5,00000 8,00000
Tram 5 1,63611 0,67611 2,11667 3,26667 5,00000

 25,39 12,03 45,22 70,23 106,33

Estimating Consistency
– example 5 trams

Estimating Consistency
– example 5 trams
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Step 1: Pairwise comparison for all criteria

Tram 1 Tram 2 Tram 3 Tram 4 Tram 5

Tram 1 1 1/5 3 4 5
Tram 2 5 1 3 4 5
Tram 3 1/3 1/3 1 2 3
Tram 4 1/4 1/4 1/2 1 2
Tram 5 1/5 1/5 1/3 1/2 1

Tram 1 Tram 2 Tram 3 Tram 4 Tram 5

Tram 1 5,00000 3,40000 10,26667 17,30000 28,00000 63,9667 w1 0,2468 24,68%
Tram 2 13,00000 5,00000 24,66667 36,50000 52,00000 131,1667 w2 0,5061 50,61%
Tram 3 3,43333 1,83333 5,00000 8,16667 13,33333 31,7667 w3 0,1226 12,26%
Tram 4 2,31667 1,11667 3,16667 5,00000 8,00000 19,6000 w4 0,0756 7,56%
Tram 5 1,63611 0,67611 2,11667 3,26667 5,00000 12,6956 w5 0,0490 4,90%

 25,39 12,03 45,22 70,23 106,33 259,20 1,00000 100,00%

Estimating Consistency
– example 5 trams

Estimating Consistency
– example 5 trams
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Step 1: Pairwise comparison for all criteria

Tram 1 Tram 2 Tram 3 Tram 4 Tram 5

Tram 1 1 1/5 3 4 5
Tram 2 5 1 3 4 5
Tram 3 1/3 1/3 1 2 3
Tram 4 1/4 1/4 1/2 1 2
Tram 5 1/5 1/5 1/3 1/2 1

Tram 1 Tram 2 Tram 3 Tram 4 Tram 5

Tram 1 5,00000 3,40000 10,26667 17,30000 28,00000 63,9667 w1 0,2468 24,68%
Tram 2 13,00000 5,00000 24,66667 36,50000 52,00000 131,1667 w2 0,5061 50,61%
Tram 3 3,43333 1,83333 5,00000 8,16667 13,33333 31,7667 w3 0,1226 12,26%
Tram 4 2,31667 1,11667 3,16667 5,00000 8,00000 19,6000 w4 0,0756 7,56%
Tram 5 1,63611 0,67611 2,11667 3,26667 5,00000 12,6956 w5 0,0490 4,90%

 25,39 12,03 45,22 70,23 106,33 259,20 1,00000 100,00%

Tram 1 Tram 2 Tram 3 Tram 4 Tram 5

Tram 1 190,33833 91,07167 300,58333 472,41111 732,08889 1.786,4933 w1 0,2426 24,26%
Tram 2 384,32500 190,33833 605,78333 961,21111 1.504,88889 3.646,5467 w2 0,4952 49,52%
Tram 3 98,90093 48,14093 159,55444 251,53556 390,13333 948,2652 w3 0,1288 12,88%
Tram 4 61,64444 30,25778 99,92889 157,83111 245,15556 594,8178 w4 0,0808 8,08%
Tram 5 39,98556 19,85222 64,98593 102,93556 160,32444 388,0837 w5 0,0527 5,27%

 775,19 379,66 1.230,84 1.945,92 3.032,59 7.364,21 1,00000 100,00%

Estimating Consistency
– example 5 trams

Estimating Consistency
– example 5 trams
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Step 1: Pairwise comparison for all criteria

Tram 1 Tram 2 Tram 3 Tram 4 Tram 5

Tram 1 1 1/5 3 4 5
Tram 2 5 1 3 4 5
Tram 3 1/3 1/3 1 2 3
Tram 4 1/4 1/4 1/2 1 2
Tram 5 1/5 1/5 1/3 1/2 1

Tram 1 Tram 2 Tram 3 Tram 4 Tram 5

Tram 1 5,00000 3,40000 10,26667 17,30000 28,00000 63,9667 w1 0,2468 24,68%
Tram 2 13,00000 5,00000 24,66667 36,50000 52,00000 131,1667 w2 0,5061 50,61%
Tram 3 3,43333 1,83333 5,00000 8,16667 13,33333 31,7667 w3 0,1226 12,26%
Tram 4 2,31667 1,11667 3,16667 5,00000 8,00000 19,6000 w4 0,0756 7,56%
Tram 5 1,63611 0,67611 2,11667 3,26667 5,00000 12,6956 w5 0,0490 4,90%

 25,39 12,03 45,22 70,23 106,33 259,20 1,00000 100,00%

Tram 1 Tram 2 Tram 3 Tram 4 Tram 5

Tram 1 190,33833 91,07167 300,58333 472,41111 732,08889 1.786,4933 w1 0,2426 24,26%
Tram 2 384,32500 190,33833 605,78333 961,21111 1.504,88889 3.646,5467 w2 0,4952 49,52%
Tram 3 98,90093 48,14093 159,55444 251,53556 390,13333 948,2652 w3 0,1288 12,88%
Tram 4 61,64444 30,25778 99,92889 157,83111 245,15556 594,8178 w4 0,0808 8,08%
Tram 5 39,98556 19,85222 64,98593 102,93556 160,32444 388,0837 w5 0,0527 5,27%

 775,19 379,66 1.230,84 1.945,92 3.032,59 7.364,21 1,00000 100,00%

Tram 1 Tram 2 Tram 3 Tram 4 Tram 5

Tram 1 159.352,27 77.966,92 255.124,63 402.983,58 626.850,85 1.522.278,25 w1 0,2428 24,28%
Tram 2 325.643,24 159.352,27 521.330,26 823.506,36 1.281.051,10 3.110.883,22 w2 0,4961 49,61%
Tram 3 84.211,95 41.207,16 134.837,41 212.987,83 331.311,77 804.556,11 w3 0,1283 12,83%
Tram 4 52.777,27 25.826,45 84.506,60 133.487,18 207.647,00 504.244,50 w4 0,0804 8,04%
Tram 5 34.423,72 16.846,07 55.119,00 87.067,59 135.440,70 328.897,08 w5 0,0524 5,24%

 656.408,45 321.198,86 1.050.917,89 1.660.032,55 2.582.301,41 6.270.859,16 1,00000 100,00%
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Step 1: Pairwise comparison for all criteria

Tram 1 Tram 2 Tram 3 Tram 4 Tram 5

Tram 1 1 1/5 3 4 5
Tram 2 5 1 3 4 5
Tram 3 1/3 1/3 1 2 3
Tram 4 1/4 1/4 1/2 1 2
Tram 5 1/5 1/5 1/3 1/2 1

Tram 1 Tram 2 Tram 3 Tram 4 Tram 5

Tram 1 5,00000 3,40000 10,26667 17,30000 28,00000 63,9667 w1 0,2468 24,68%
Tram 2 13,00000 5,00000 24,66667 36,50000 52,00000 131,1667 w2 0,5061 50,61%
Tram 3 3,43333 1,83333 5,00000 8,16667 13,33333 31,7667 w3 0,1226 12,26%
Tram 4 2,31667 1,11667 3,16667 5,00000 8,00000 19,6000 w4 0,0756 7,56%
Tram 5 1,63611 0,67611 2,11667 3,26667 5,00000 12,6956 w5 0,0490 4,90%

 25,39 12,03 45,22 70,23 106,33 259,20 1,00000 100,00%

Tram 1 Tram 2 Tram 3 Tram 4 Tram 5

Tram 1 190,33833 91,07167 300,58333 472,41111 732,08889 1.786,4933 w1 0,2426 24,26%
Tram 2 384,32500 190,33833 605,78333 961,21111 1.504,88889 3.646,5467 w2 0,4952 49,52%
Tram 3 98,90093 48,14093 159,55444 251,53556 390,13333 948,2652 w3 0,1288 12,88%
Tram 4 61,64444 30,25778 99,92889 157,83111 245,15556 594,8178 w4 0,0808 8,08%
Tram 5 39,98556 19,85222 64,98593 102,93556 160,32444 388,0837 w5 0,0527 5,27%

 775,19 379,66 1.230,84 1.945,92 3.032,59 7.364,21 1,00000 100,00%

Tram 1 Tram 2 Tram 3 Tram 4 Tram 5

Tram 1 159.352,27 77.966,92 255.124,63 402.983,58 626.850,85 1.522.278,25 w1 0,2428 24,28%
Tram 2 325.643,24 159.352,27 521.330,26 823.506,36 1.281.051,10 3.110.883,22 w2 0,4961 49,61%
Tram 3 84.211,95 41.207,16 134.837,41 212.987,83 331.311,77 804.556,11 w3 0,1283 12,83%
Tram 4 52.777,27 25.826,45 84.506,60 133.487,18 207.647,00 504.244,50 w4 0,0804 8,04%
Tram 5 34.423,72 16.846,07 55.119,00 87.067,59 135.440,70 328.897,08 w5 0,0524 5,24%

 656.408,45 321.198,86 1.050.917,89 1.660.032,55 2.582.301,41 6.270.859,16 1,00000 100,00%

Tram 1 Tram 2 Tram 3 Tram 4 Tram 5

Tram 1 115.114.004.126,22 56.328.979.644,69 184.307.708.408,49 291.132.580.136,59 452.874.953.692,11 1.099.758.226.008,10 w1 0,2428 24,28%
Tram 2 235.247.185.507,10 115.114.004.126,22 376.651.562.518,46 594.959.061.847,92 925.496.066.979,74 2.247.467.880.979,43 w2 0,4961 49,61%
Tram 3 60.839.019.411,76 29.770.486.426,57 97.408.654.590,69 153.866.776.411,80 239.349.403.130,70 581.234.339.971,52 w3 0,1283 12,83%
Tram 4 38.129.924.240,53 18.658.196.731,77 61.049.383.365,28 96.433.647.116,20 150.008.575.106,00 364.279.726.559,79 w4 0,0804 8,04%
Tram 5 24.870.548.900,00 12.169.958.473,72 39.819.949.908,30 62.899.619.735,38 97.844.296.228,23 237.604.373.245,63 w5 0,0524 5,24%

 474.200.682.185,61 232.041.625.402,97 759.237.258.791,22 1.199.291.685.247,89 1.865.573.295.136,78 4.530.344.546.764,47 1,00000 100,00%
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AHP: Pros vs. ConsAHP: Pros vs. Cons

Pros
• simply to use
• allows multi criteria decision making
• it is applicable when it is difficult to formulate criteria evaluations, 
i.e., it allows qualitative evaluation as well as quantitative 
evaluation

• it is applicable for group decision making environments
• consistency in evaluation

Cons
• possibilities of subjective evaluation
• ddifficult to use when the number of criteria or alternatives is 
high, i.e., more than 7. 

• conflict between decision makers
• decision makers capacity
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AHP  →  EXPERT CHOICE
 Software package for making multi

criteria decision making – AHP method
 EC helps you organize the various 

elements of a problem into a 
hierarchy.

 EC guides you in judging, via pair‐wise 
comparisons, the relative importance 
of the objectives and the preference 
for the alternatives that you have 
defined.

 EC derives priorities by combining 
intangible information from decision
makers experience and intuition, and 
tangible information such as data.

 Sensytivity analysis
 4 graphs
 Survey
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• The stability of the outcome to changes in the importance of the criteria is determined by testing
the best choice against “what‐if’ type of change in the priorities of the criteria.

• The sensitivity analysis in Expert Choice varies the weights of the criteria as input data.

AHP: Sensitivity analysisAHP: Sensitivity analysis
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1. step 2. step 3. step

SWOT
AHP COST‐BENEFIT 

ANALYSIS

Applying a methodsApplying a methods
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Application of the AHP method
‐ interesting cases ‐

Application of the AHP method
‐ interesting cases ‐
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Selection of the reconstruction design on 
the LC Trnava in Zagreb

An AHP model for Level crossing design
in urban area of City of Zagreb

An AHP model for Level crossing design
in urban area of City of Zagreb

Goal:



www.fpz.unizg.hr

METHODOLOGY
Analysis of the current condition of LCs

(characteristics of the current traffic network, collection of real data about the size 
and distribution of the current traffic load, traffic count, survey of LC users, 

determining the drivers’ habits, and their traffic culture, etc.);

Development of simulation of the existing condition in the software tool 
PTV VISSIM;

Proposal of new variants of reconstruction;

Evaluation of the variants using MCDM and AHP method with the application of 
the software tools Expert Choice

Development of simulation of the optimal variant in software tools PTV VISSIM.

Development of VR application

Testing the application

Education 
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RAILWAYS NETWORK (2018):
2,605km of railway tracks
1,512 LCs: 37% Active, 63% 
Passive
70 Pedestrian crossings

DAILY RAIL TRAFFIC:
649 passenger rails
192 cargo rails
160 km/h max speed

LCs ON THE CROATIAN RAILWAYSLCs ON THE CROATIAN RAILWAYS LEVEL CROSSING (LC)
‐ places of rail and road intersections 
‐ areas with increased risk of accidents
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CASE STUDY ZAGREBCASE STUDY ZAGREB
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• Level crossing „Trnava” is located on the main international railwy line M102

• Two parallel railway tracks

• Close vicinty of Trnava railway station

• Secured with half‐barriers and light&sound system

CASE STUDY ‐ VR SCENARIO LOCATION ‐ LC TRNAVACASE STUDY ‐ VR SCENARIO LOCATION ‐ LC TRNAVA
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• 8 fatalities in the last 10 years

• LC‐users behaviour ‐ main 

reason for accidents

HOW LC‐USERS BEHAVE AT LC?HOW LC‐USERS BEHAVE AT LC?
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LC LOCATIONS IN 
ZAGREB URBAN AREA

EQUIPMENT

METHODOLOGY FOR 
COLLECTING DATA
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• 200 respondents – 55% F i 45% M
• the highest number of respondents 

belonged to the group of 26‐60 years of 
age (61%) 

• 84% of respondents use the LC Trnava
every day

• 61% live within 500 m of the LC 
• 73% of respondents do not know how 

much is the fine for illegal crossing
• 33% of respondents indicate that the 

reason for illegal crossing is because they 
are in a hurry

• 93% of respondents think that it is 
necessary to build an underpass (for 
pedestrians and for vehicles)

Reasons for legal and illegal crossing of the LC:
‐ 33% of respondents stated that they are in a hurry
‐ 13% of respondents think it is safe to pass because they do not see any train arriving 
‐ 12% of respondents think that the barrier stays lowered for too long
‐ 9% say that they are tired of waiting
‐ 6% estimate that it is safe
‐ Only 29% of respondents cross the LC in a proper and legal way 

SURVEY ‐ LC TRNAVASURVEY ‐ LC TRNAVA
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SIMULATION – PTV VISSIM
LC Trnava LC Osječka ‐ Trnava I
Queue: 240 m Queue: 143 m
The longest average waiting of vehicles: 19,8 s The longest average waiting of vehicles: 69,7 s
The largest average vehicle delays: 26,06 s The largest average vehicle delays: 80,44 s
The highest emission of harmful CO gases: 932 PPM The highest emission of harmful CO gases : 1182 
PPM
Fuel consumption: 13 L Fuel consumption: 17 L
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LC Trnava
• In peek‐hour 254 pedestrians and 80 cyclists cross

LC
• Queue: 50 LC users
• the average waiting time: 48 s
• the average delay of users: 51 s

SIMULATION – PTV VISSIM



www.fpz.unizg.hr

VARIANTSVARIANTS

To improve the level of traffic safety and capacity, four possible variant designs for reconstruction are 
proposed.

Variant 1 Variant 2
• construction of a pedestrian‐cyclist underpass
• construction of an underpass would eliminate the

conflict points between the road and rail traffic, i.e.
primarily of pedestrians and cyclists and the rail
vehicles.

• construction of a pedestrian‐cyclist underpass the same as
in the Variant 1 and the construction of an approach road
towards the warehouse from the direction of Trnava and
ban on the movement of road vehicles from the
Branimirova Street towards LC.
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Variant 3 ‐ Trnava Variant 3 – Trnava I

• reconstruction of two adjacent LCs, LC Trnava and LC
Osječka – Trnava I, at a distance of 500 metres
between them

• This design solution proposes the construction of the
underpass for the pedestrians and cyclists and the
construction of an underpass for the drivers from
Trnava who merge into the Branimirova Street
eastwards (right turners) and westwards (left turners).

• the construction of an underpass for the right turners
from the Branimirova Street towards Trnava is
proposed

Variant 3
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• combination of the proposal for the solution in 
Variant 2 and Variant 3. 

• This proposal of the solution for the level 
crossing of Trnava and Osječka – Trnava I 
insures high safety level of the traffic flow. 

• It completely eliminates the conflict points 
between the road vehicles and pedestrians, 
road vehicles and rail vehicles, and the 
pedestrians and rail vehicles at the mentioned 
LC

• The construction costs of these design 
solutions are somewhat lower than for the 
construction of elements from the previous 
variant. 

• For the realisation of the mentioned design 
solutions less space is necessary for the 
construction than for the construction of the 
elements from the previous variant.

Variant 4
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AHP MODELAHP MODEL

• hierarchical structure of AHP 
model (goal, 
alternatives/variants, criteria, 
sub‐criteria)

• ranking of criteria and sub‐
criteria (pairwise comparison)

• evaluation of variants

• selection of the optimal variant

• sensitivity analysis
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RANKING THE CRITERIA AND SUB‐CRITERIARANKING THE CRITERIA AND SUB‐CRITERIA

RANKING THE SUB‐CRITERIA 
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OPTIMAL VARIANTOPTIMAL VARIANT

After performing the entire analysis and evaluation of the variants according to each
criterion and sub‐criterion using AHP method Variant 3 (43.1%) has been proposed as
the best traffic solution, and it includes a number of functional traffic solutions to
increase the safety and urban mobility of the LC Trnava region.
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SIMULATION OF 
OPTIMAL VARIANT 

‐ VARIANT 3 ‐

• the queue length was reduced from 240 
metres to 38 metres 

• the average vehicle delay was reduced 
from 80 seconds to 16 seconds

• the share of CO has been almost halved 
and amounts to 578 PPM

• the average fuel consumption 
decreased from 17 litres to 8.2 litres

• by analysis of the pedestrian and cyclist 
flows no queues nor delays of the users 
have been recorded

LC TRNAVA

LC OSJEČKA‐TRNAVA I
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NEW Roudabout „Remetinec” 

An AHP model for reconstruction of intersection
in City of Zagreb

An AHP model for reconstruction of intersection
in City of Zagreb

Goal:
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CASE STUDY Roudabout „Remetinec” – previous situationCASE STUDY Roudabout „Remetinec” – previous situation

‐ located in the flatland without any major
limitations, whereas four tangential approaches
(1‐Jadranska Avenue, 2‐Remetinečka Road, 3‐
Avenue Dubrovnik and 4‐Jadranski Bridge) are
at longitudinal slope of 1% to 3%.

‐ inscribed circle diameter is 148 m and central
island diameter is 124 m.

‐ the circulatory roadway has three lanes each
4,0 m wide.

‐ approaches are designed with three lanes each
3,5 m wide.

‐ Entry approach radius are 80 m except for the
northern approach, which has radius of 200 m.

‐ the circulatory roadway
has a 2% slope towards
the centre because of the
drainage.

‐ registered value of
roundabout traffic volume
ranges from 90.000 to
100.000 [veh/day], where
Qk = 99.023 [veh/day] has
had more pronounced
volumes on all approaches
except on approach 2
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CASE STUDY Roudabout „Remetinec” – current situation ‐ reconstructionCASE STUDY Roudabout „Remetinec” – current situation ‐ reconstruction
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CASE STUDY Roudabout „Remetinec” – AlternativesCASE STUDY Roudabout „Remetinec” – Alternatives

Four variants (alternatives) for
reconstruction with particular focus
on the safety‐capacity and design
geometry and their correlation are
presented are proposed:

 Variant 1: traffic flows West –
East are guided over viaducts at
+2 level (Figure a)

 Variant 2: traffic flows West –
East are guided through tunnels
at ‐1 level (Figure b)

 Variant 3: traffic flow West –
North is guided over viaduct at
+2 level, traffic flow North – East
is guided through the tunnels at
‐1 level (Figure c)

 Variant 4: traffic flow North –
East is guided through tunnel at
‐1 level (Figure d)
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CASE STUDY Roudabout „Remetinec” – criteria weightsCASE STUDY Roudabout „Remetinec” – criteria weights
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CASE STUDY Roudabout „Remetinec” – AHP model ‐ resultsCASE STUDY Roudabout „Remetinec” – AHP model ‐ results
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CASE STUDY Roudabout „Remetinec” – final situationCASE STUDY Roudabout „Remetinec” – final situation

Variant 2 ‐ optimal
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Reconstruction of Road Section Design 
in suburban area of City of Split 

An AHP Model to Evaluate Road Section DesignAn AHP Model to Evaluate Road Section Design

Goal:
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PROBLEMPROBLEM

• The road stretch links the city of Split, the largest tourist
destination in Dalmatia, with the smaller tourist city of
Omiš to the east, the large tourist area on the Makarska
Riviera and ultimately the tourist city of Dubrovnik.

• On the section of road extending from the direction of Split
to the intersection of national road D8 and Poljička road,
traffic runs in four lanes (two in each direction), and then in
two lanes (one in each direction) after the intersection.

• Two partially signalised intersections (blinking yellow),
labeled as intersection 1 (D8‐Poljička road) and intersection
2 (D8‐Street Gospe od Siti‐Jurasova road), lie 100 m apart.

• Two unsignalised intersections, labeled intersection 3 (D8‐
Domovinskog rata street) and 4 (D8‐Put Starog sela road)
lie 300 m away from intersections 1 and 2.

• Analysis of traffic flows along this stretch of road during
morning and afternoon peak hours, when commuters are
traveling between the suburb and Split, has shown
significant traffic jams.

• This is particularly true on weekends during the summer
tourist season.

• From intersection 1 the traffic pile‐up can extend for 2‐3
km, even up to 10 km, causing delays of a few hours. In
2013, the traffic counter installed near intersection 1
recorded the highest average annual daily traffic (49,443
vehicles) and the highest average summer daily traffic
(57,642 vehicles) of all counters installed in Croatia.
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AHP MODELAHP MODEL
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AHP MODEL ‐ ALTERNATIVESAHP MODEL ‐ ALTERNATIVES

The first alternative (Variant 1) involved introducing and coordinating signaling at intersections 1
(D8‐Poljička road) and 2 (D8‐Street Gospe od Siti‐Jurasova road), as well as adding a traffic lane for
turning left from main road D8 at intersections 3 (D8‐Domovinskog rata Street) and 4 (D8‐Put starog
sela road).
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AHP MODEL ‐ ALTERNATIVESAHP MODEL ‐ ALTERNATIVES

The second alternative (Variant 2) involved converting intersection 1 into a roundabout and
closing intersection 2. In this alternative, intersection 1 would feature on its southeastern side
three new approaches from Gospe od Siti street, D8‐Omiš and Jurasova street. Intersection 3
would also be closed, and Domovinskog rata street would be connected via by‐pass with Put
Staroga sela street. Finally, an extra lane for left turns would be added to intersection 4.
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AHP MODEL – comparison alternatives according to conflict pointsAHP MODEL – comparison alternatives according to conflict points

V1 V2

Alternatives
Number of conflict 

points
Rank

Saaty scale

V 1 V 3

V1 53 2 1 1/7

V2 15 1 7 1
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AHP MODEL ‐ resultsAHP MODEL ‐ results
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Selection of the reconstruction design on 
the railway line

Osijek – Strizivojna/Vrpolje

Application of the selected methodsApplication of the selected methods

Goal:
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1. step 2. step 3. step

SWOT
AHP COST‐BENEFIT 

ANALYSIS

Applying a methodsApplying a methods
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BASIC PARAMETERS

•Analysis of the existing 
technical‐technological 
condition of the railway line
•location and significance of 
the railway line Osijek –
Strizivojna/Vrpolje
•technological‐technical 
characteristics of the line 
section
•traffic technology
•scope and tendency of 
transport

•Variant technical‐
technological solutions
•Basic characteristics of the 
future condition of the 
railway line

SWOT ANALYSIS

•Strengths
•Weaknesses
•Opportunities
•Threats

MULTI‐CRITERIA 
ANALYSIS

•Defining of the function 
of objective
•Definition of alternatives
•Criteria selection
•Subcriteria selection
•Defining the criteria 
weights
•Defining of hierarchical 
structure
•Analytical hierarchical 
process

COST‐BENEFIT ANALYSIS

•Traffic forecast
•Economic aspect of the project
•Project costs (reconstruction 
investments, costs of disturbing 
traffic on the existing line, 
increase of investment due to 
electrification of the line 
(Variant 3))
•Project benefits (savings in:
costs of investment and current 
maintenance, costs of travel 
time of passengers and goods, 
difference in transport price 
between road and railway, 
reduction of external traffic 
costs, effects due to speed 
increase, remaining value)

•Scheduling plan
•Analysis of sensitivity

Relevant parameters for applying methodsRelevant parameters for applying methods
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Analysis of current situationAnalysis of current situation

Technological and technical characteristics Technology of traffic

- exploitation length is 48.33 km,
- the line is single‐track and it is not

electrified,
- there is no automatic block instrument,
- only a small section of the line can

accommodate axle loads of 225kN and
80kN/m and a speed of 80 and 100km/h,

- on the most part the axle load of 180kN
and 64kN/m and the speed of 50km/h are
permitted,

- maximal line gradient is 8‰ in both
directions,

- the valid railway line resistance is 9daN/t.
There are 37 crossings on the section,

- low speeds are the result of poor
condition of the substructure of the track
and permanent way, obsolete system of
railway station protection, curve radii and
at‐grade crossings.

- the traffic operates on a single track,
- traffic is regulated during the running

time between two stations,
- the traction is organised by diesel‐engine

trains for passenger traffic and diesel
locomotives for a couple of high‐speed
trains for passenger transport, and for
cargo trains,

- masses of trains are predetermined to
tilting elements of the railway line and
traction forces of the locomotives, and a
number of other restrictions (train
braking, the lengths of railway station
tracks, length of the platforms, etc.),

- masses of passenger trains range from 84
tonnes in local traffic to 300 tonnes in
international traffic,

- the planned masses of cargo trains are
around 1400 tonnes.



www.fpz.unizg.hr

Strizivojna/Vrpolje

Variants of new techno‐technological solutions 
(project of reconstruction)

on a railway segment Osijek – Strizivojna/Vrpolje

Variant 1 Variant 2 Variant 3 Variant 3a
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VariantsVariants
Variant Characteristics

Variant 1, for the 
region of Viškovci

according to 
Preliminary 

solution, speeds of 
160km/h

The preliminary variant solution of deviating the route according to Variant 1 starts at km 26+770 after the crossing 
point Semeljci, and ends at km 35+530 before the railway station Đakovo. The route can accommodate speeds of 
160km/h. A new station Viškovci is planned on the route along the facility of the road overpass. The railway station would 
have a platform in the length of , shelter of , parking lot for passenger cars, and a ramp for disabled persons. The deviation 
track level is much more favourable than the track level of the existing railway line. The gradients are much 
milder, and the elevating and lowering of the track level on the length of two kilometres is avoided. Besides, the 
track level is elevated on the lowest part by ca. 3m and lowered at the highest section by about 5.5m which will 
bring substantial savings in exploitation and comfortable ride. Viaduct Jošava starts at km 34+715,075 and ends at km 
35+215,075. The viaduct axis is at km 34 +965,075. The viaduct consists of 25 span structures in the length of 20m each, i.e. 
total length of .

Variant 2, for the 
region of Viškovci

according to 
Preliminary 

solution, speeds of 
120km/h

The preliminary variant solution of deviating the route according to Variant 2 starts at km 33+000, from the crossing point 
Semeljci it is the same as in Variant 1, and ends at km 35+600 before the railway station of Đakovo. The route can accommodate 
the speed of 120km/h. The intention of this variant is to try to avoid the viaduct across the Jošava lake which is 500m long 
according to Variant 1. By constructing the longitudinal profile it has been determined that according to this variant a viaduct of 
the same length as according to Variant 1 ( ) is also required, and the route elements are less favourable.

Variant 3, for the 
region of Viškovci

according to 
Preliminary 

solution, speeds of 
120km/h

Variant 3 was developed as an attempt to come as close as possible to the existing railway line in order to avoid big works, and
especially to shorten the length of the bridge spanning the Jošava lake. For the mentioned reasons the new route has 
significantly poorer altitude and layout elements than Variants 1 and 2. The route is designed for the speed of 120km/h. The 
drawback of this variant is that it passes through the place of Kuševac, and there the crossing with the county road needs to be
grade separated. The existing water duct across Jošava, with the opening of 4m, is in extremely poor condition, and it has been 
also concluded that it is necessary to construct a new bridge about 15m away from the existing water duct. By realising the 
longitudinal profile, it has been determined that this variant also requires a viaduct in the length of 200m. An additional 
drawback of this variant is that the embankments before and after the viaducts would be in the Jošava lake with high 
uncertainty in constructing the embankment on such a terrain, i.e. with the need of comprehensive reconstruction or 
lengthening of the viaducts. Besides, the works would greatly disturb the traffic on the existing railway line, and increase the
construction costs, which is also a significant drawback of this variant.

Variant 3a, for the 
region of Viškovci

according to 
Preliminary 

solution, speeds of 
100km/h

This variant represents a sub‐variant of Variant 3 on the section from the crossing to the existing water duct Jošava. This variant 
intends to completely avoid the construction of a new bridge, and to remain on the existing line route. This can be achieved, but 
with the route elements that allow speeds of 100km/h. This variant requires the construction of a new bridge on the Jošava and 
at the place of the existing one with an opening stipulated by “Vodoprivreda”. All the mentioned variants differ most in the 
regions of Viškovci and Meteor.
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SWOT matrixSWOT matrix

Variant
Strategy

Conclusion
S – O  W – T 

Va
ria

nt
 1

- allows maximal speeds of 160km/h,
- provides best exploitation conditions 

because the track level and track 
geometry are much more favourable 
not only in relation to the existing line 
but also in relation to other variants

- at Viškovci there is no level crossing, 
thus increasing safety. 

- necessary construction of viaduct Jošava, in the 
length of 500m, 

- increased investments due to the viaduct 
construction.

this variant 
needs to be 
analysed in 
more detail

Va
ria

nt
 2

- allows maximal permitted speeds of ,
- regarding exploitation parameters – track level 

and track geometry it is worse than Variant 1,
- acc. to this variant, a viaduct is required almost 

the same length as according to Variant 1 
(500m).

this variant 
needs to be left 
out of further 

analysis

Va
ria

nt
 3

- according to exploitation parameters 
(track level and track geometry) it is 
better than Variant 2,

- regarding investments it is less than 
in Variant 1

- allows maximal permitted speeds of ,
- regarding exploitation parameters (track level 

and track geometry) it is worse than Variant 1,
- it requires viaduct of the length of about 200m,
- significant restoration of swamp land in front and 

behind the viaduct.

this variant 
needs to be 
analysed in 
more detail

Va
ria

nt
 

3a

- regarding investments it is of lower 
order compared to Variant 3.

- allows maximal permitted speeds of ,
- regarding exploitation parameters (track 

geometry) it is worse than Variant 3.

this variant 
needs to be left 
out of further 

analysis
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Hierarchy structure of AHP model

MCDM
- AHP method -

MCDM
- AHP method -
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Results of SWOT analysisResults of SWOT analysis

Variant 1

Variant
Strategy

S – O  W – T 

Va
ria

nt
 1

- allows maximal speeds of 160km/h,
- provides best exploitation conditions 

because the track level and track 
geometry are much more favourable 
not only in relation to the existing line 
but also in relation to other variants

- at Viškovci there is no level crossing, 
thus increasing safety. 

- necessary construction of viaduct Jošava, in the 
length of 500m, 

- increased investments due to the viaduct 
construction.
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Results of AHP methodResults of AHP method
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Results of cost-benefit analysisResults of cost-benefit analysis

Variant

Indicator
Variant 1 Variant 3

Economic rate of return 14,34 % 13,86 %

Economic relative net 
present value  +0,6284 +0,5693

Payback period 11 years 12 years
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QUIZ ‐ AHPQUIZ ‐ AHP
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