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1. Introduction

Each modern railway line is a complex system that has to fulfil
a number of objectives, some of which are: sufficient capacity,
appropriate speed of travel,comfortable transport, high level of
traffic safety, economic viability, blending in with the existing
and planned developments, and environmental protection.
Some objectives call for implementation of maximum values
(capacity, safety, quality of transport), while other require
minimum values (investment in construction, operation costs,
time of travel, influence on and consequences for physical
setting and living environment). In addition, some can be
expressed in quantitative — monetary units (investments,
costs), and some through indicators of non-monetary
nature (time of travel, capacity, safety). Some objectives can
even be described qualitatively through descriptive grades
or points (noise, air and water pollution, occupation of land,
accessibility, preservation of cultural, historic and natural
heritage, influence on flora, fauna, climate, landscape, etc.).
The fulfilment of these objectives points to the need to develop
and propose, for the planning and realization of new or upgrade
of existing railway lines, a new methodology for the evaluation
and decision-making in the design of such facilities. The
newly proposed methodology assumes implementation of a
systematic approach and an iterative optimisation process.
As railway lines belong to the group of discrete systems, this
complex and multidimensional optimization process will be
realized through the following activities:
- establishment of a set of realistic alternative route
solutions,
- evaluation of these alternative solutions based on
appropriate criteria,
- ranking of alternative solutions,
- analysis and selection of the most favourable alternative
solution.

In the newly proposed process, the set of realistic alternative
route solutions is generated by varying basic technical
elements of the route, and by adjusting solutions to
the existing physical setting, terrain and geological and
hydrological conditions. The evaluation criteria are defined
based on objectives that have been established in advance.
The evaluation results in a ranking list which enables selection
of either one alternative solution (as a final solution) or several
alternative solutions (short listing) that meet the criteria
taking into account realistic limitations. In this process, the
decision making must be objective and documented, or as
objective as possible. Although the full objectivity can never
be reached, highly objective decisions can be made using
the multicriteria decision-making method, i.e. the discrete
decision-making method, as related to single-criteria and
one-dimensional methods.

Since there are several alternative railway route solutions
and several criteria for their evaluation, some of which must

be maximised and some minimised, and as all of them are
incomparable to each other because of incompatibility of
measurement units, it is quite obvious that decisions will be
made under conflicting conditions. This very fact shows that
such problems must be solved using multicriteria decision-
making principles in conjunction with some of the methods
that have been developed for the resolution of such highly
complex problems. In the light of the above considerations,
the MCCR method (multicriteria compromise ranking) has
been adopted in this paper.

To enable successful application of this method, the following
criteria have been adopted in this paper:investments for route
construction, route operation and maintenance costs, capacity
of the route, effects the route has on physical development,
and influence of the route on living environment. As to
relative weights, i.e. weight coefficients, showing significance
and importance of each criterion adopted in the study, these
weights have been defined in such a way that they have
several value combinations or scenarios that enable us to
verify stability of the solution.

The applicability of the newly proposed and developed
methodology for multicriteria decision-making has been verified
by selecting one out of four alternatives (Cortanovci, Maradik,
Kombinovana, Kovilj) of the new double-track railway route
situated on the Corridor X, at the Indija — Novi Sad section. The
results obtained confirm the adequacy and practical applicability
of this methodology for the resolution of this problem.

2. Methodology for railway route planning and
design

Analyses related to railway infrastructure facilities realized in the
past have often lead to investment mistakes and were the cause
of negative impacts on living environments, both during realization
and use of these facilities. Several reasons have provoked such
occurrences, and one of them is related to the deficiencies in the
methodologies used in the planning and design of such railway
infrastructure. These methodologies were based on methods in
the scope of which possible alternatives were compared using
a single financial/economic criterion (planned investments and
costs), i.e. without full recognition and evaluation of other possible
aspects [9]. In the scope of these methodologies, the decision-
making on the selection of the most appropriate solution, was in
most cases subjective and experience based, and the results and
the final decision was insufficiently documented/justified. That is
why the above mentioned consequences of this approach were
unavoidable and evident.

In order to find long-term solutions in the sense of increasing the
quality of transport services in railway transport, preserving the
quality of living environments, and ensuring rational use of all
natural resources, it has become obvious that more complex and
comprehensive methodological procedures and methods should
be developed and used for proper evaluation and assessment
of railway infrastructure facilities at the stage of their planning
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and design. This has resulted in the development of the new
methodology presented in the paper. In this methodology, it is
assumed that the technical-technological, transport, spatial and
environmental criteria should be used, in addition to financial-
economic criteria, in the process of planning and design of new
railway lines, or during renovation of existing lines. In addition,
multicriteria decision-making methods should be applied in the
selection of the most favourable solution. Thus all circumstances
and aspects that are likely to influence the final decision making
are taken into account through combined analysis of all these
criteria. At that, multicriteria decision-making methods show
greater objectivity when compared to traditional single-criterion
based methods at the stage when the most favourable solution
needs to be defined. In this way, the existing methodologies
are improved and extended, and users are provided with the
possibility to select methods according to their own preferences,
taking care that solutions selected are the right and best-
possible ones[1,2,5,10,1S, 21].

Basic program requirements for
railway route design

i N

Generation of alternative railway
route solutions

Preliminary decision-making
set of allowable alternatives

Determination of functional indicators
for route alternatives

i

Evaluation of route alternatives l

L

| Ranking of route alternatives |

Final decisian m.llclnE;
= selection of the most favourable
route alternative

The most favorable railway route alternative I

Figure 1. Iterative optimisation process for railway route design

This methodology assumes implementation of a systematic
approach and an iterative optimisation process that is realized
through several typical levels, as shown in Figure 1. This
particular processisimplemented because railway lines belong
to the group of discrete systems that can not be described
through a comprehensive mathematical model, but rather
through generation of alternative railway route solutions.
Thus, once the general objective and the list of criteria are set,
this process involves, first, the preliminary decision-making
(ranking and selection of allowable alternative solutions)
and then the final decision-making (selection of the most
favourable solution). From the mathematical standpoint, this
means that extreme values must be defined for the selected
objective, i.e. for criteria and for appropriate criterial functions.
This is a complex process that calls for a number of iterations,
at various stages and levels.

Once basic program requirements for design work are defined
(limit values for horizontal and vertical elements of the
route, structural elements of the route, traction system and
transport organisation scheme, and a synthesis map of route-
related limitations), the process continues with the generation
and elaboration of possible route alternatives. This activity
starts from the basic objective and use of the railway system,
which stays the same for all alternative solutions, i.e. only the
values of specific system parameters are modified: x, x, ., x_,
which form the vector x. One combination of the vector x is in
fact one alternative solution V;

V= (X5 Xgj0es Xp) (1)

where:

|/j - j-th alternative solution, while

x;—is the value of the /-th parameter for the /-th alternative
solution.

Parameters for the generation of alternative solutions are:

x, - railway line category

x,— design speed

x,— horizontal and vertical geometric elements

X, — cross sectional elements

x,— physical disposition of the route

x, - technical equipment level

x,— traffic operation system.

Alternative solutions for complex systems such as railways
can not be generated by an automated procedure or model. In
other words, no single technical, mathematical and computer-
based procedure or rule can replace the designer's creativity
in the generation of alternative solutions. Just as every
railway line has unrepeatable conditions with regard to its
circumstances and setting, the alternative solutions formed
can also be considered as unique.

Each solution has to be tested in order to determine whether
or not it is allowable. This is why the preliminary decision-
making process is conducted. Its aim is to eliminate solutions
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whose parameters do not meet limitations that have been
set in advance. Once functional values are defined for each
allowable alternative, the procedure continues by evaluation of
allowable solutions. Having in mind the predefined objective,
each alternative solution is evaluated and assessed in a
documented manner, based on a list of criteria. The evaluation
of alternative solutions is followed by their ranking so that the
order of precedence, i.e. the ranking list, can be established.
If there are several combinations of weight coefficients, i.e.
if there are several scenarios, then an appropriate ranking
list is established for each scenario. The ranking lists with
alternative route solutions are used in the final decision
making, i.e. in the selection of one (final) alternative solution or
several alternative solutions (short listed solutions). Such an
approach and order of activities defined in this methodology
enables an objective and sufficiently documented decision-
making as well as the final decision-making about the most
favourable railway route solution, based on an acceptable
minimum level of subjective assessments, and a well
supported explanation of all results.

3. Mathematical formulation of the multicriteria
decision-making methodology

Making design decisions about the most favourable railway
route alternative is a complex process which belongs to the
category of multicriteria decision-making, because decisions
are made under conflicting conditions, which is the result of:
- existence of a set formed of several alternative solutions,
- existence of several criteria with different measurement
units,
- existence of opposition and conflicts between the criteria.

The methodology involving multicriteria decision-making in
the selection of railway route alternatives is a discrete system
characterized by the mxn type decision-making matrix, i.e.
by the matrix with m-number of alternative solutions, and
n-number of criteria (m=2 and n22), as shown in Table 1.

Table 1. Multicriteria decision-making matrix

Criteria
K1 KZ "(/ Kn
V7 f71 f12 f’/l f1n
VZ f21 f22 fZI f2n
n
(1]
=
kS
c V/ fﬂ ﬁz f,, f;n
8
=
Vrn fm1 fmZ fml fmn
w, w, w, w,
max min max min

where:
I/J(V7, V,.. V) - possible alternative route solutions
K(K,K,..K) -evaluation criteria selected

- value of the /-th criterial function for the
J-th alternative solution
- weight coefficients for individual
decision-making criteria
- typical criterial functions.

FiFi friz o)

w,(w,w, .. w)

n
maxili min
3.1. Criteria and evaluation of alternative solutions

A previously formed set of allowable route alternatives is
assumed in the methodology for making decisions about
selection of railway routes. The methodology involves several
steps, cf. Figure 2.

Set of allowable
route alternatives

I Step | i

Initial decision-making matrix

I Stepill |
L |
J

el

Normalisation of initial decision-making matris

Step IV

Caloulation of weight coefficients

Calculation of the final decision-making
matrix using a selected method

The most favourable railway route alternative

Figure 2. Methodology for decision-making during selection of
railway route alternatives
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The first step in the decision-making process is the selection
and adoption of the list of criteria that are relevant for the
evaluation of alternative route solutions. The adopted list of
criteria(j = 7,..., 5) is formed of quantitative-economic criteria,
quantitative-technical criteria, and qualitative criteria:

K. -investment needed for railway construction (monetary units)

1

K, - railway operation and maintenance costs (monetary units)

K, -railway capacity (number of train pairs or number of
trains per each direction)

K, - effects of railway on physical development (points)

K, - effects of railway on living environment (points).

The criterion K, defines railway construction investment and
is represented with the function f;:

f= Z/ =l +1g+1,, +Ii, (monetary units) (2)
where:

/ - individual investments in stable railway installations
/gp - investment in construction of open railway sections

I, -investment in construction of new train stations or in

renovation of existing stations
| - investment in electric traction installations

/ - investments for SS and TK devices.

ss-tk

The criterion K, defines railway operation and maintenance
costs and is represented with the function f:

f,= ZT =Tops + Toey + Tosstc + Tosu  (monetary units) (3)

where:

T -individual value of maintenance costs for stable
installations and railway accessories

Taps - maintenance costs for railway and stations

T, - maintenance costs for electrical traction facilities

T ... - Mmaintenance costs for SS (signalling and safety)
devices and TK (telecommunication) devices

T, - trafficorganisation and management costs.

The criterion K, defines capacity of the railway line and is
represented with the function f;

T T

f,=N= = (numbers of train) (&)
Iy+t +t, 167/,+0,25a
where:

N —capacity of the railway line
T —time for which capacity is calculated

I, —mean value of minimum interval between successive
trains at a reference section

t  —sparetime

t, —additional time

a —number of station intervals at a section under study.

The presented relation of the function f, is used for calculating
capacity of railway lines using the UIC 406 method.

The criterion K|, defines effects the railway will have on physical
development and is represented with the function f;

fy=2.P =Py +P,+ Py, (points) (5)

where:

P —individual value of effects the railway will have on
physical development

P,,. —preservation of current land uses (habitation, economic
activity, rest and recreation

P, —occupation of space (agricultural and buildable land)

P,,, —preservation of cultural/historic and natural heritage

(cultural mouniments, national parks and landscape).
Individual effects (P, , P, i P, ) are evaluated and assessed by
attributing descriptive grades to all parameters that define these
effects. Descriptive grades are most often expressed as follows:
favourable, conditionally favourable and unfavourable, and then
they are converted into points ranging from 1 to 10.

The criterion K, defines the influence of railway on living
environment and is represented with the function f;;

f=>U=U,,+U,+U,+U, +U,,  (points) (6)
where:
U  -individual value of railway influence on living

environment

U,, -impact generated by traffic noise and vibrations
U, -influence of railway on and

U, -influence of railway on water

U, - influence of railway on flora and fauna

U,,.. -influence of railway on climate and microclimate.

These influences are evaluated and assessed by attribution of
points ranging from 1to 5. The criteria K, and K, are expressed
quantitatively (through monetary units), K, is also expressed
quantitatively (through monetary unites, while K, and K, are
expressed through qualitative units. The criterial function f;
should be maximised, while the remaining criterial functions
f. [, f,and f, must be minimized.

In the second step of the decision-making process, each alternative
solution is individually evaluated according to each criterion. In this
way, the initial decision-making matrix (F”) is formed (Table 1).

In the third step of the decision-making process, the initial
decision-making matrix is normalised, i.e. the criterial
functions f; are normalized to take into account different
measurement units, using relations defined in the scope of
the method that will be used in decision-making.

In the fourth step the weight coefficients w (i = 7, 2...,5) of
selected criteria are calculated. These coefficients define

GRABEVINAR 64 (2012) 3, 195-205
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relative significance of each criterion in the formed order

of criteria. Normalised values of weight coefficients can be

applied and, in such a case, the following relation is applied

w,z 0, 3 w, = 1. However, non-normalised values, expressed

as whole numbers or percentages, can also be used. Various

methods can be used to define weight coefficients: Delfi

method, preference structure simulation, entropy method,

eigenvector method, etc., while grades from the Saati scale

[22, 23] can be used for initial significance of criteria.

Weight coefficients can also have several combinations of

values, i.e. several scenarios:

- Scenario I: the same weights are attributed to all criteria,

- Scenario 2: greater weights are attributed to economic criteria,

- Scenario 3: greater weights are attributed to traffic/
transport criteria,

- Scenario 4: greater weights are attributed to space-related
and environmental criteria,

This combination of weight coefficient values or scenarios is
defined so as to cover several typical preference structures of
the decision maker, and also to determine the level of stability
of the final solution.

In the fifth step the final decision-making matrix is calculated
based on the relation defined in the scope of the method
selected for multicriteria decision making,.

The final sixth step of the decision-making process involves
ranking aimed at obtaining the ranking list or the order of
precedence of alternative solutions. If there are several weight
combinations, or several scenarios, then an appropriate ranking
list is established for each scenario. Ranking lists of route
alternatives are then used in the final decision-making, i.e.
in making the final decision about selection of either a single
alternative solution (as final solution) or several alternative
solutions (the set of possible solutions is short-listed). The
final result of the multicriteria decision-making process is the
selection of the most favourable railway route solution.

3.2. Classification of multicriteria decision-making
methods

Many methods have been developed for the resolution of

multicriteria problems, and their classification is given in

various publications [4, 7, 20]. Considering the nature of
information relating to problems, the MCDM (multicriteria
decision-making) methods can be classified as follows:

1. Multi-attribute decision making or recently better known
as multicriteria analysis. This group of methods resolves
multicriteria problems through selection of the best alternative
from the set of previously defined alternative solutions.

2. Multi-objective decision making. This group of methods
resolves multicriteria problems by programming the best
possible alternative solution.

The multi-attribute decision making methods, i.e. the multicriteria
analyses, will be used as support in complex decision making
processes. One of such cases is decision making for railway route
planning and design, due to discrete nature of railway systems.
Several methods from this group belong to the "higher rank
methods" and they can be classified as follows

1. compromise-based methods: TOPSIS (technique for order
preference by similarity to ideal solution), CP (compromise
programming), and VIKOR (multicriteria compromise
ranking),

2. usefulness methods: additive method (SWA — simple
additive weighting), analytic hierarchical process (AHP
— analvtic hierarchy process), and methods based on the
fuzzy set theory and theory of games,

3. Qutranking methods: ELECTRA |, II, Ill, IV (elimination
and (Et) choice translating reality) PROMETHEE |, II, II, IV
(preference ranking organization method of enrichment
evaluations).

As in the route planning process a choice must be made between
several solutions, in the presence of a number of criteria and
different measurement units, the first group of methods from the
above classification was adopted for further consideration. After
having examined properties of the methods presented in the
mentioned group, the decision was made to use the VIKOR method
[16,17,18,19] for the selection of the most favourable railway route.

3.3. Properties of the VIKOR method

The program package VIKOR, based on compromise
programming, has been developed for the multicriteria ranking
of alternative solutions. This method focuses on the ranking and
selection of alternatives in the presence of conflicting criteria
and, at that, the ideal point is used as the reference point in
the area covered by criterial functions. However, an alternative
that would meet all criteria at the same time does not exist and,
therefore, an allowable solution closest to the ideal is sought
within the range of criterial functions. The solution closest
to the ideal one is called the compromise solution, based on
distance measurements adopted. The distance from the ideal
point is measured using "limit" metrics Lp from the compromise
programming method, namely the measurements S i R:

S.:z‘”j(ff"_ﬂl) (7)
G
B w,(f -f,)
R; =max ) (8)
where:

f; - value of the i-th criterial function of the j-th alternative
solution/=1,..,nij=1,..,m

f7 - maxf and f7=min f if the i-th criterial function shows
profit, and
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£ -min fu and f = max fu’ if the /-th criterial function shows
cost; w, 2 0 are weight coefficients of selected criteria.

Ranking by means of S, i R, measurements enables definition
of places s(V/ i r(V/} on the ranking list for the alternatives
|//j =7,..,m. Ranking lists obtained in this way differ from
one another, and so efforts were made to find an additional
procedure for defining a single unified ranking list. This
ranking list is obtained based on the Q measurement:

Q,=vQ@S,+(1-v)QR,;, j=1,..m (9)
where:
S -S R.-R
S = R, =1 ;
=55 ' PR-rr

S =minS,;, S =max$§,,
R = minR;, R" =maxR;

v -weight of the decision making strategy "according to
most criteria”, and values range within the interval (O,
0,5, and 1).

From the multicriteria standpoint the alternative ) is better
that the I/, if ranked according to @, if Q < Q, and it has a higher
position on the ranking list. The position on the Q list is obtained
by connecting positions on the lists QR and QS. The ranking is
operated by sorting alternatives according to measurements
QS QR and Q. The best alternative is the one with the lowest
measurement, and it assumes the first place on the ranking list.
The measurement @) is the linear function of the weight of the
strategy "according to most criteria” v, and so the position on the
list Q "linear combination" is the position on lists QS and QR. The
stability of position of alternatives on the ranking list is analyzed by
changing the value of weight coefficients. According to the VIKOR
method, the best alternative from the multicriteria standpoint
is the alternative (for the adopted value m) which is at the first
position of the compromise ranking-list for v=0.5 but only if it has:
- "sufficient advantage" over the alternative from the next

position (condition U7),

"sufficiently stable" position with the change of weight v

(condition U2).

The difference between the measurements Q for v=105is
used for the evaluation of "advantage". The alternative /"has
a sufficient advantage over the next /“from the ranking list if:

Q(V")-Q(V')=DQ, (10)

where DQ is the "advantage threshold" that is defined with
respect to theoretical values Q, Q - Q = 7-0, and the
number of alternatives m:

DQ = min(0,25,——) (11)
m-1

The threshold is limited with 0.25 for cases with a small
number of alternatives.

The condition "sufficient advantage" enables the decision
maker to see all alternatives that are "close" from the
multicriteria standpoint. It would not be appropriate to
present to the decision maker only the alternative from
the first position on the ranking list according to Q and to
neglect alternatives with "close" values according to Q. The
first alternative on the ranking list has a "sufficiently stable”
position if it meets at least one of the following conditions:

- it holds the first position on the ranking list according to Q

forV=0.25and v=0.75,

- it holds the first position on the ranking list according to QS,
- it holds the first position on the ranking list according to QR.

If the first alternative from the compromise ranking list does
not meet both conditions U1 and U2, it is not considered to
be sufficiently better than the alternative holding the second
position. In such cases, the VIKOR method is used to form a
set of compromise solutions, which contains both the first
alternative and the alternative immediately behind it. If the
first alternative does not meet only the condition U2, then
only the second alternative from the compromise list enters
the set of compromise solutions. However, if it does not meet
only the condition U1 then the set of compromise solutions
contains alternatives from the compromise ranking list /i V%
.., ¥ for which Q (W¥) - Q (V)< DQ.

4, Selection of an optimum railway route
alternative using the proposed multicriteria
decision-making methodology

Railways are complex infrastructure facilities and their
construction or upgrading requires considerable investments.
On the other hand, the application of modern concepts of
transport system development, and long term planning of
improvements in railway sector, call for the implementation
of latest structural improvements and modern technological
solutions. Having all this in mind, it is very important to
select highly rational solutions in the process of design and
evaluation of railway route alternatives. At that, the solutions
adopted have to guarantee high quality standards in line with
modern transport infrastructure developments.

The design of the double track railway line between Indija
and Novi Sad is analyzed in this paper. This railway section
is situated in the part of the Corridor X passing through the
Republic of Serbia [8].

4.1. Generation and evaluation of alternative route
solutions

Considering the geographical disposition of the area (existing
communities, Fruska gora National Park, and the Danube
River) and local geological indicators, four new alternative
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solutions for the railway route have ben envisaged V/(j: 1
4). Three solutions are on the right bank of the Danube River,
while the fourth one is on the left side of this river. Basic
properties of these solutions are:

- Alternative V, - Cortanovci —follows the existing railway
line from Indija to BeSka and turns toward higher foothills
of Fruska gora, and then descends to Sremski Karlovci and
Petrovaradin, crosses the new Danube bridge and enters
the Novi Sad station. This section is 32,455 m in length,
while the total length of tunnels and bridges is 7,735 m.

- Alternative V, — Maradik - right after the Indija station
the route abandons the corridor of the existing railway
and turns toward Maradik, and then descends toward
Petrovaradin, crossing the Fruska gora foothills by three
tunnels. The entrance to the Novi Sad station is the same
as in the Cortanovci alternative. This section is 32,010 m
in length, while the total length of tunnels and bridges is
8430 m.

- Alternative /,— Combined —from Indija station to Cortanovci
station the route of this alternative is the same as that
mentioned for the Cortanovci alternative; the route then
turns left towards the Fruska gora foothills and joins, at
Sremski Karlovci the route set for the Maradik alternative.
This section is 32,605 m in length, while the total length of
tunnels and bridges is 9440 m.

- Alternative V, - Kovilj - this route leaves the existing
railway corridor in front of BeSka, turns to the right,
descends via a tunnel and crosses the Danube; from there
the route follows the Belgrade — Subotica corridor, crosses
the Danube - Tisa — Danube Canal, and enters the Novi Sad
station. This section is 39,800 m in length, while the total
length of tunnels and bridges is 5160 m.

The above mentioned alternative route solutions V/(j =1, ..,

4) were evaluated and assessed in accordance with criteria

adopted in section 3.1, as follows:

1. The values of criterial functions f, and f, were obtained by
summing up relevant individual parameters taken over
from the design documentation of the routes under study.

2. The values of the criterial function f, were obtained
through simulation analyses conducted for the routes
under study, based on the same predefined conditions.
In the course of this analysis, the following individual
transport/technological parameters were modified: total
number and structure of trains, transport organization,
and train speed.

3. The values of the criterial function f, were obtained by
summing up all individual parameters that define each
influence (P, P, i P, ). These parameters are: housing,
economic activities, rest and recreation, agricultural and
buildable land, cultural monuments, nature reserves and

natural landscapes. They were defined for each of the

above alternative solutions by statistical processing of
survey data obtained through ratings given by experts
for a given area. These grades are not only descriptive
(favourable, conditionally favourable, and unfavourable)
but also numerical (points from 1 to 10 were attributed).

4. The values of the criterial function f, were obtained
by summing up all influences exerted on our living
environment Here also, the values of these influences
were defined by statistical processing of survey data
obtained through ratings given by experts for a given area.
These ratings were numerical only (points from 1 to 5 were
attributed).

Survey data were also analysed by authors of the design

documentation, and by several independent experts, including

some of the authors of this paper. Calculated values of
criterial functions f, for the criteria Ki (=1, ..., 5), as used for
evaluating alternative railway route solutions, are presented

in Table 2. In this way, the initial decision making matrix (F))

was established.

Table 2. Initial decision-making matrix

Criteri
riteria K K K3 K K
mi®) | misrgod "™ | (ooints) | (points)
mil. mil.$/go of trains) points, points,
Alternatives min min max min min
V1 212,12 20,2 106 35 18
‘A 223,05 196 107 36 12
V3 250,05 198 106 30 11
VA 22988 236 103 4L 8

It can be seen from the data given in Table 2 that no single
alternative can be found in which all criterial function values
would be the best. For that reason, and because different
measurement units were used in criterial functions, the
initial decision making matrix (F) was normalised using the
relation (12) and the corresponding results are shown in Table
3. The transformation is made by division with the length of
the perimeter (value interval length) of the criterial function.
The perimeter length for the i-th criterial function is D, = f~
- f7, where for each i-th criterion f corresponds to the best
alternative in the system, while f corresponds to the worst
alternative.

N .
d, =T(f -f)= Loi=1..,n, j=1...m (12)

i

The multicriteria decision making activity continues by
assigning relative weights to all criteria, i.e. weight coefficients
defining importance of these criteria. Just like in the
evaluation of criterial functions f, and f, these values were
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Table 3. Normalisation of the initial decision-making matrix

Criteria K1 Kz K3 KL, K5
mil$) | it $7god) | ™™ | (points) (points)
of trains)

Alternatives min min max min min
V1 0 0,15 0,25 0,36 1
VZ 0,29 0 0 043 0,40
A 1 0,05 0,25 0 0,30
v, 047 1 1 1 0
f‘* 21212 196 107 30 8
f" 250,05 23,6 103 44 18
D, -37,93 -4 A -4 -10

determined based on analysis of survey data, while relative
weights were rated only numerically, in the range from 1 to
3. The experts from various fields (design, environmental
protection, economics, town planning, and transport) were
included in the analysis of survey results. These experts were
the authors of the design documentation and several outside
experts, including inter alia some of the authors of this paper.
After statistical processing of survey results and weight

wi Wi
wh w1 :;,,i wi
20% 20% w4 24%
wd w2 15% 2
20% w
20% wa w3 bty
20% 23%
Scenario | Scenario |l
Wi wi
w3 w1 w5 wi
wd 10% wd  11%
1 30% 11% 22%
2
w3 w2 w3 2708
20% 0% 34%
Scenario Il Scenario IV
wi
w5 w1
258 17%
w2
17%
wd wi
24% 17%
Scenario W

Figure 3. Diagram showing non-normalised weight coefficient values
for proposed scenarios

coefficients for all criteria, the following five scenarios were

proposed:

- Scenario I: all criteria are of the same importance, and so
their weight coefficients are the same,

- Scenario Il: an advantage is given to economic and
transport-related aspects, and so the highest weight
coefficient values were assigned to criteria K, K, and K,,
while the lowest ones were assigned to the criteria K, and

K.,

- Scenario lll: an advantage is given to the economic aspect,
and so the highest weight coefficient values were assigned
to criteria K, and K, while the lowest ones were assigned
to the criteria K, and K,

- Scenario IV: an advantage is given to the transport aspect,
and so the highest weight coefficient values were assigned
to criterion K, while the lowest ones were assigned to the
criteria K, and K,

- Scenario V: an advantage is given to the environmental
protection aspect, and so the highest weight coefficient
values were assigned to criteria K, and K, while the lowest
ones were assigned to the criteria K, K, and K,

Non-normalised weight coefficient values for the proposed
scenarios are given in Table 4 and Figure 3.

Table 4. Non-normalised weight coefficient values for proposed

scenarios
. Scenarios
Weight
coefficients
SClI SCll sci SCIv SCV

w1 1 3 3 2 2
w2 1 3 3 2 2
w3 1 3 2 3 2
Wi 1 2 1 1 3
w5 1 2 1 1 3

4.2, Final decision-making matrix and ranking lists

The following final decision-making matrix and ranking lists
were obtained based on rating according to relevant criteria
and weight coefficient scenarios, and based on expressions (7),
(8) and (9) from the VIKOR software, and according to weights
adopted in the strategy of decision-making "according to
most criteria" v = 0.5 (Tables 5 and 6):

GRABEVINAR 64 (2012) 3, 195-205

203

Gradevinar 3/2012



Gradevinar 3/2012

Milana Kosijer, Milos Ivi¢, Milan Markovic, lvan BeloSevic

Table 5 Decision-making matrices based on Qj, QSj i QRj

% Route alternatives
Scenarios E
g V1 V2 V3 V4
Qj 0636 0 0,602 1
Scenario I Qsj 0,272 0 0,204 1
QRj 1 0 1 1
Qj 0366 0 0643 1
Scenario Il. Qsj 0,201 0 0,286 1
QRj 0531 0 1 1
Qj 0,084 0 0697 1
Scenario lll. QSj 0,107 0 0,394 1
QRj 0,061 0 1 1
Qj 0177 0 0451 1
Scenario IV. QSj 0,181 0 0,315 1
QRj 0174 0 0587 1
Qj 0,686 0 0252 1
Scenario V. QSj 0372 0 0,088 1
QRj 1 0 0415 1

Table 6. Ranking list of route alternatives for the proposed sce-
narios and ¥=0.5

'éﬂ Scenarios

-

5

= SCI Scll SCH SCIV SCV

1 \/2(0) \V2(0) \/2(0) \/2(0) \/2(0)

5 V3 V1 V1 V1 V3
(0,602) (0,366) (0,084) (0,177) (0,252)

3 V1 V3 V3 \/3 V1
(0,636) (0,643) (0,697) (0,451) (0,686)

4 V4 (1) V4 (1) Va4 (1) V4 (1) V4 (1)

4.3. Analysis of results

The results of the multicriteria ranking based on the VIKOR
method (Table 6) show that the alternative V2 (Maradik)
is always ranked first, which is why this alternative is
proposed as the compromise solution. If an advantage is
given to either economic or transport criteria, then we have
a set of compromise solutions, and this set is formed of
the alternative V2 (Maradik) and alternative V1 (Cortanovci).

Results obtained in this way will provide decision makers
with the possibility of choosing the most favourable
railway route between the Indija station and the Novi
Sad station. Which of the solutions the decision makers
will adopt, will depend on the scenario they prefer. If they
prefer the scenarios |, Il and V then the Maradik alternative
is proposed as the compromise solution (the conditions
U1 and U2 are fulfilled). If the preferred scenarios are llI
and IV, then the set of compromise solutions is proposed,
namely the Maradik and Cortanovci alternatives (condition
U2 is fulfilled, but the condition U1 remains unfulfilled),
and the activity is resumed by making additional analyses
and calculations for these solutions only. In the repeated
ranking of the two solutions, their respective advantages
and deficiencies will be revealed, and the most favourable
compromise solution will be selected. This procedure is not
presented in this paper.

5. Conclusion

The proposed multicriteria decision-making methodology
enables anintegrated and systematic resolution of problems
involving selection of best possible railway routes during the
planning and design process, and is hence a valuable asset
to final decision makers. According to this methodology,
the railway route is evaluated using a number of criterial
functions (investments, costs, capacity, effects on physical
development, and influences on living environment). Route
alternatives are generated using various structural and
service-life parameters relevant to the system. Multicriteria
analysis methods are used in the alternative solution ranking
process. Several scenarios with different weight coefficients
enable stability verification for alternative solutions figuring
on ranking lists. The final result of the multicriteria decision-
making is the most favourable route proposal, and this
route should be the best one from the set of predefined
allowable solutions, taking into account the criteria and
realistic limitations adopted in the methodology. The results
obtained in the example presented in the paper point to the
accuracy and practical applicability of this methodology, and
have proven to be a valuable aid and support in decision
making. The methodology can successfully be applied for
the resolution of problems involving selection of railway
routes, and can also be used for other railway infrastructure
facilities.
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