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Abstract

Transportation development is one of the important goals of countries which is associated with economic and social development.
Therefore, expanding the transportation infrastructure and construction has always been a key issue for managers in developed and
developing countries. Due to the high costs of infrastructure projects in the transportation industry, especially railways as the safest
and the most cost-effective mode of transportation, the financial resources must be managed with great sensitivity and precision. In
current economic conditions, various methods have been proposed for decision-making in transportation infrastructure projects and
prioritization of railway reconstruction projects. In this research, different decision models to prioritize transportation infrastructure
projects are reviewed and according to the selected AHP (Analytic Hierarchy Process) model, railway reconstruction projects in Iranian
railway networks are prioritized. In this regard, first, reconstruction projects have been reviewed from a technical and economic point
of view, and then prioritization has been done according to the weight of effective criteria in the projects. In this study, important
criteria for prioritization in terms of importance are considered as: Cost of Reconstruction, Train Speed Restriction, Allowable Speed,
Railway Capacity, Traffic, Time, and Railway Track Quality. The effect of cost of reconstruction criterion is about 12 times greater than
the time criterion and the output of the model showed that Jalalabad-Golezard block is the first priority for reconstruction in the area
of Kerman and Southeastern in Iranian Railways.

Keywords

prioritization, railway, reconstruction, Analytic Hierarchy Process

1 Introduction

Managing and decision about how the budget is allocated
to the reconstruction, modernization or rehabilitation of
transport infrastructure is a vital issue in the transport
industry [1]. In developing countries, low level of invest-
ment on railway tracks in the previous years and the low
quality of maintenance resulted in reduction of the qual-
ity of infrastructure [2]. In this regard, the need to maxi-
mize railway operation efficiency complicates prioritizing
railway reconstruction projects. Due to the limited finan-
cial resources, economic crisis and the fact that most rail-
way lines need to be reconstructed, making decision about
reconstruction projects is considered as a fundamental
challenge in the railway industry [3].

In this research, prioritization of reconstruction proj-
ects has been investigated based on the criteria affecting
reconstruction process. By considering Iranian railway
transit position in the world and the domestic railway net-
work, the importance of railway infrastructure investment
at the national and international levels is quite significant.
Therefore, it is completely urgent to investigate the differ-
ent available assessment methodologies for prioritization
of infrastructure projects.

The different assessment methodologies in various
transportation modes which are utilized in EU are dis-
cussed by Proki¢ et al. [4]. According to their information,
the Cost-Benefit Analysis (CBA) method is the most used
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method in the rail transport part in Europe [4]. Table 1
demonstrates different methods for prioritization of trans-
portation projects. The meaning of the abbreviations in
Table 1 is explained in the paragraphs after the table [5—17].

The decision-making process with the CBA method is
usually done based on a single criterion which is a cost-ben-
efit ratio. This method has some limitations, because some
effective factors are immeasurable including: socio-eco-
nomic effects, environmental effects [18], political effects,
evaluation time [5] (the lifespan of different transport infra-
structure projects varies from 20 years which is the nor-
mal reconstruction period for a railway superstructure [19],
to more than 100 years like some of the bridges [20]).
As mentioned before, the CBA method cannot consider the
effect of political issues and this is a very important flaw in
this method. Therefore, due to the influence of several fac-
tors that are effective in the prioritization of projects, the
use of multi-criteria methods to evaluate the railway recon-
struction projects are suggested [6].

Based on the limitations of the CBA method mentioned
above, it is recommended to apply Multi-Criteria Decision
Analysis Methods (MDAM) to prioritize reconstruction
projects. The CBA is a great method to evaluate a small
number of projects in a specified location, but it can-
not consider the different criteria that are not financially
measurable while the MDAM method deals with large
amounts of complex information including qualitative
and quantitative data. One of the multi-criteria methods
is AHP method in which different weights are allocated
to the effective criteria [15]. This method was presented to
prioritize the selection of road projects by Al-Harbi [14].

Management of infrastructure projects in the field of
transportation is complex and in this regard, different

Table 1 Various methods for prioritization of transportation projects

Method

Researchers, year

Thomopoulos & Grant-Muller, 2013 [5]

CBA Shafiepour et al., 2018 [6]

Macura et al, 2011 [7]
Tsamboulas et al., 2007 [8]
Tsamboulas, 2007 [9]
Chang et al., 2009 [10]

MAUT

Zhang et al., 2014 [11]
Blagojevic et al., 2020 [12]

Daniyan et al., 2020 [13]
AHP Al-Harbi, 2001 [14]
Nystrom & Soderholm, 2010 [15]

Tudela et al., 2006 [16]
ANP Longo et al., 2009 [17]
Prokic et al., 2018 [4]

GP
MDAM

approaches of MDAM with multiple perspectives have
been addressed. These decision tools have been created
with the aim of comparing different projects by consider-
ing various criteria. According to these criteria, the men-
tioned methods offer a plan for decision making [7].

The MDAM method can be used with multiple perspec-
tives which are shown in Table 1. These methods are MAUT
(Multi Attribute Utility Theory); GP (Goal Programming);
AHP (Analytic Hierarchy Process); ANP (Analytic Network
Process) [13].

The GP method is employed to prioritize railway invest-
ment projects as a multi-criteria method [21]. The purpose
of this model is achieving maximum goals with a specific
budget. This method has been utilized in all railway proj-
ects by Zhang et al. [11] and Blagojevic¢ et al. [12].

MAUT is a tool for prioritizing transportation proj-
ects in an international transportation network. In recent
years, this issue has become very important due to the glo-
balization and application of this method throughout the
European transport network. The MAUT multi-criteria
approach applies to projects that involved in high amount
of investment. This model has been developed to prioritize
the projects according to the financial, economic, social,
environmental, traffic impacts and benefits of the proj-
ects [8, 9]. MAUT method has some advantages compared
to CBA method. The main features of this method are: the
weight of the criteria, independent criteria, the differentia-
tion of project performance over time and a new approach
to convert qualitative data to quantitative scales. This
method has been exerted in transportation infrastructure
investments [8, 9].

The results of the analysis of CBA and AHP methods
were compared by Tudela et al. [16]. They compared the
output of these methods to select and prioritize the trans-
portation projects and to demonstrate that the results of pri-
oritization are different in the two methods. They showed
that the final decision for prioritization was based on the
results of AHP method. As long as there are various factors
other than financial factor, it is clear that the CBA method
is useless. Consideration of parameters such as noise, acci-
dents and air pollution that are effective in prioritizing
projects is not significant in the CBA approach [16, 22].

In a strategic project related to the historic Alishan Forest
Railway in Taiwan following criteria were considered by
Chang et al. [10].

In a case study related to railway infrastructure (a selec-
tion of solutions related to the new railway route), AHP
and ANP models were conducted and their outcomes were



compared with each other by Longo et al. [17]. In the prior-
itization process, four main criteria of cost (project costs),
transportation efficiency (safety, performance efficiency,
capacity and reliability), environmental impacts (natural,
physical and urban resources) and executive aspects (mod-
ification of the main project and interaction in the existing
network) were considered and the results obtained by AHP
and ANP were same [17].

As a conclusion for selecting the proper method for pri-
oritization which discussed above, review of the technical
literature confirms that a multi-criteria approach should
be applied in the selection of railway transportation infra-
structure projects. Also, based on the literature and the
current status in Iran’s railways, an AHP model is utilized
to prioritize Iranian railway infrastructure projects. The
AHP model has several advantages like multi-criteria anal-
ysis and considering the weight of effective criteria in the
system [23]. The final result in prioritizing infrastructure
projects should be realistic and have a flexible approach
in selecting the final alternative. The Administration of
Railways of Kerman and Southeastern as part of Iran's rail-
way network studied in this research according to Fig. 1.
It is predicted that there will be striking increase in the
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passenger and freight in these lines in the coming years and
also Kerman and Southeastern Administrations are close
to Yazd state railways which is one of the busiest railway
lines in Iran (Fig. 1). Hence, Kerman and Southeastern rail-
ways are significantly important for the railway managers.

In this paper, the main goal is to prioritize the rail-
way reconstruction projects in two regions of Iran's rail-
way network. Seven alternative projects in Kerman and
Southeastern Administrations of Iran's railway network
are considered as a case study. An AHP model is used
for prioritization since there are various effective criteria
and the nature of the main goal in this research demands
a multi-criteria analysis. The effective criteria in deci-
sion-making for prioritization have been identified as cost
of reconstruction, train speed restriction, allowable speed,
railway capacity, traffic, time, and railway track quality.
In the next step, the decision-making criteria in the pro-
cess of prioritization of reconstruction projects have been
sorted in order of importance. Then, the effective criteria
have been calculated quantitatively, since in general, most
of the criteria in decision-making have qualitative nature.
Finally, the decision-making between the alternative proj-
ects has been done through an AHP multi-criteria analysis.

Fig. 1 Iran's railway network
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2 Methodology

2.1 The case study area in Iran's railway network

The Iran's railway network is more than 14,000 kilome-
ters which is divided into 21 regions (or general adminis-
tration) and most of them are single lane and all of them
belong to "Railway of the Islamic Republic of Iran" com-
pany (RAI). Kerman and Southeastern general adminis-
trations are selected to be investigated in this case study,
which are shown in Fig. 1. The general administration
of Kerman railway is 550 km, which starts from the Rig
Valley station at 876 km + 100 m and ends at Shourgaz
station at 1424 km + 000 m and general administration
of the Southeastern railway is 329 km, which starts from
Shourgaz station at 1424 km + 000 m and ends at Mil sta-
tion at 1753 km + 327 m.

Kerman railway is located next to Yazd railway as the
busiest area in Iran's railway network. Also the connection
to railway profitable cargo sources such as Jalalabad mine
and steel producing factory makes Kerman administration
an important area in Iran's railway network for the manag-
ers. General administration of Southeastern is considered
important because of future improvements and recon-
struction operations, having a border station with Pakistan
and also containing lines which pass through sandy desert
areas with high rate of deterioration [24].

2.2 Reconstruction alternative projects

According to the previous section, there are various blocks
which are considered to be reconstructed in Kerman and
Southeastern regions in the coming years. Regarding
the blocks proposed for reconstruction in Kerman and
Southeastern and the maintenance status of the blocks,
final alternatives for reconstruction projects and prioriti-
zation are presented in Table 2.

2.3 AHP model
For decision-making in complex issues such as prioritiz-
ing infrastructure projects, a multi-criteria decision-mak-
ing method is essential. AHP method is an approach for
decision-making by considering several criteria among all
the parameters of a system. In this method, problem struc-
ture is formatted by considering the hierarchy importance
of the criteria and it is possible to compare them from low
level of importance to higher level of importance. Besides,
consideration of the qualitative and quantitative criteria is
available simultaneously.

Effective criteria in prioritization have been selected
based on the existing literature, scientific principles and

Table 2 Alternative projects for railway reconstruction

Starting Area Block Ending
Station Length(km) Station
1 Siriz 38 Golezard
2 Golezard 17 Jalalabad
3 Jalalabad Kerman 18 Zarand
4 Zarand 38 Pourmand
5 Pourmand 40 Kerman
6 Roodshour 28 Shourgaz
Southeastern
7 Namakzar 24 Roodshour

Table 3 Effective criteria on the prioritization in reconstruction projects

Effect Criterion Unit Effect

1 X1 Cost of Reconstruction USD negative
2 X2  Train Speed Restriction Train-hour positive
3 X3 Allowable Speed Train-hour positive
4 X4 Railway Capacity ratio with no unit  positive
5 X5 Traffic tonnage positive
6 X6 Time hour negative
7 X7 Railway Track Quality CoSD positive

recommendations of experts which are shown in Table 3.
The last column of Table 3 indicates the positive or negative
effects on the prioritization in reconstruction projects based
on different criteria. For example, increasing the allowable
speed of travel has positive effect on prioritization.

In continuation, all of the prioritization criteria in recon-
struction projects as presented in Table 3 are described.

2.3.1 X1: Cost of Reconstruction

The importance of economic issues in infrastructure proj-
ects is undeniable. Obviously, the reconstruction of rail-
ways as one of the most expensive projects in the field of
technology and infrastructure is a serious issue. This issue
has been widely investigated by researchers from various
countries like Serbia, Hungary, South Korea, Sweden,
Denmark, Greece, Turkey and Iran [1, 5, 6, 25-27]. In cal-
culating the cost of reconstruction projects, the region of
reconstruction operations, the number and length of tech-
nical structures such as bridges and tunnels are import-
ant [7]. In this research, according to the estimation of
existing reconstruction contracts, an accurate calculation
has been made to prioritize the reconstruction projects.

2.3.2 X2: Train Speed Restriction

Elimination of speed restriction due to the deterioration of
railway track has always been a concern of railway man-
agers. By reducing the train speed, transmission rate of



freight and passenger reduces and consequently revenues
decrease [4, 7, 28, 29]. As mentioned in Table 3, elimina-
tion of train speed restriction has a positive effect on pri-
oritization in reconstruction projects. Speed restriction is
generally applied along a certain length of railway blocks
to maintain the safety of passing trains. It must be noticed
that only sections with speed restriction must be calcu-
lated where the speed restrictions are removed after recon-
struction [4, 7, 28, 29].

According to this criterion, the railway blocks (alterna-
tives) with more delays due to speed restrictions are in pri-
ority for reconstruction, where the costs of the projects are
equal. This criterion for all trains passing along a block
with speed restriction is calculated using Eq. (1):

w (B i
ATSR = ——— |.Pi. 1
Z“"(ai di j .
ATSR the total travel time lost in a part of the railway
track with speed restriction (Train-hour)
li length of the track with speed restriction (km)

i number of speed restrictions
di designed speed in the speed restriction zone (km/h)
ai allowed speed in the speed restriction zone (km/h)

Pi the number of passing trains through speed restric-
tion zone per year (train)

2.3.3 X3: Allowable Speed

In some cases, the reconstruction is accompanied by an
improvement in the track line class, especially in cases
where a new track route is constructed. Consequently, the
train speed could be enhanced which increases the capacity
of the railway network. According to this criterion, as long
as the cost of reconstruction for two alternatives is approx-
imately equal, the alternatives with enhanced allowable
speed after reconstruction are in priority. The calculation of
this criterion is similar to the train speed restriction [4, 7].
This criterion is achieved by Eq. (2):

n( Ai Al .

AAS = Z”(sai —sbij.Bl ) Q)

AAS the total time saved in a railway block due to an
increase in the allowable speed after reconstruction
(train-hour)

Ai  length of the track with increased allowable speed (km)

i number of increased allowable speed

sai the designed speed after reconstruction (km/h)

shi  the designed speed before reconstruction (km/h)

Bi the number of trains that pass through the increased
speed zone (train)
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2.3.4 X4: Railway Capacity

The railway capacity indicates the number of trains that
pass through a railway section for a specified period of
time. This criterion depends on track routes, technical
items of railway track (design, super-structure properties),
available equipment in railway tracks and stations, dis-
tance of railway to cargo centers, railway signaling sys-
tem and other parameters. The railway capacity criterion
demonstrates the difference between the current capacity
and the achievable additional capacity after reconstruc-
tion. According to this criterion, alternative projects that
attain more passing trains (passenger and freight) and
consequently their capacity will be enhanced after recon-
struction, are in priority [4, 19].

There are at least three main reasons for choosing this
criterion: Firstly, the limited capacity of a block can result
in creating bottleneck for the entire relevant railway net-
work. Secondly, lower achievable capacity during daily
traffic may result in chain delays. In these kinds of cases
the quality of service is reduced. Thirdly, sometimes recon-
struction projects may cause further costs for the traffic
control without any change in the volume of traffic [7].

Railway capacity criterion is the ratio of the number of
passing trains in the block after reconstruction to the current
railway capacity in that block, which is shown in Eq. (3):
G)

c
rc railway capacity criterion
ta number of passing trains through block after recon-

struction (train per day)
¢ current railway capacity (train per day)

The railway capacity for alternative projects at Kerman
and Southeastern areas of Iran's railway network has been
calculated. To do so, firstly the average number of passing
trains in 24 hours was calculated. Then the ratio of this
number to the maximum possible passing trains obtained.
The number of trains calculated according to the freight
and passenger capacity information, gathered from the
commercial sector of Iran's Railway Company [30].

2.3.5 X5: Traffic

Traffic on a railway track expresses the number of trains
passing through the railway block. This criterion indicates
that the maximum amount of investment should be allo-
cated to the blocks with the highest volume of traffic while
all other criteria are the same. In other words, between two
alternatives for reconstruction with almost the same infra-
structure and maintenance conditions, priority should be
given to the alternative with the higher traffic [4, 7].
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The volume of passenger traffic is usually expressed by
the number of passenger trains (person-kilometers) and
the volume of freight traffic expressed by the number of
freight trains (ton-kilometers). In this research, the alter-
native projects are defined based on the railway blocks;
therefore this criterion is calculated as Eq. (4):

t=f+p. Q)

t number of passing trains through blocks per day (train
per day)

f number of freight passing trains through blocks per day
(train per day)

p number of passenger passing trains through blocks per
day (train per day)

2.3.6 X6: Time

The effect of this criterion on the prioritization of rail-
way reconstruction projects can be discussed from two
perspectives. For the maintenance administrative team,
increasing the reconstruction allowable deadline is con-
sidered as a positive point, because the team can properly
focus on quality of railway reconstruction regardless of
the time. However, managers and companies emphasize
on both quality and time limits and even more on the time
factor, which means that the most important thing is the
number of trains passing through the railway blocks. So
the commercial sectors of railway companies always try
to reduce the reconstruction time as much as possible and
maximize the capacity of the railway network. Therefore,
mostly this criterion has a decreasing effect on the prior-
itization of reconstruction projects; because, as the time
needed for reconstruction of a block increased the capac-
ity of the block is reduced and consequently the compa-
ny’s income falls [4, 7, 31, 32].

Another point that should be noted is the importance
of the block in the railway network. In other words, if two
alternative projects with equal conditions, require equal
time for reconstruction, the block with less traffic is in
priority [4]. For calculating this criterion, according to
Eq. (5), several parameters must be considered, such as
the reconstruction technology, the contractor's capacity,
the weather conditions and the geography of the area [7].
Due to applying the effect of the block position in the rail
network in this criterion, a coefficient should be consid-
ered which is calculated from the Eq. (6):

rt=0.ct, ®)

Ir

0=1+—.
It

(©)

rt modified time for reconstruction (hours)

6 coefficient of reconstruction time

ct the time allocated for reconstruction by the contractor
(hours)

Ir volume of load passing through the block (ton-
kilometers)

It volume of load passing through the railway network in
the last year (ton-kilometers)

2.3.7 X7: Railway Track Quality

One of the main goals of railway reconstruction is
enhancement of the quality of track and there are a variety
of ways to measure track quality. Analyzing the outputs of
the track recording machine (EM120) is one of the meth-
ods for measuring track quality which is common in Iran's
railway network [33]. It shows the geometric parameters of
the track from different aspects such as: twist, alignment,
track gauge, and other parameters [28, 33, 34]. The out-
puts of the track recording machine, after statistical pro-
cessing is modified into indexes that are employed in track
maintenance. One of the indexes which are used to evalu-
ate the railway track geometry in Iran's railway network is
Combined Standard Deviation (CoSD) [33]. The CoSD is
one of the outputs of the track recording machine, which
increasing in this item indicates the unsuitable mainte-
nance condition of the railway track. This parameter has
a positive effect on railway reconstruction prioritization.
For example, between two alternatives with similar con-
ditions, the reconstruction of a block with a higher CoSD
is in priority [33].

So far, the effective criteria on the prioritization of rail-
way reconstruction projects have been discussed. These
seven criteria (X1 to X7) are considered to match the local
condition in Iran's railway network. These items have
been classified based on their importance and then the
AHP model has been created.

3 Method of analyses

Before analyzing the alternative projects by the AHP
model, the criteria (X1 to X7) should be hierarchically
identified. This is possible by using the Saaty fundamen-
tal scale which is shown in Table 4 [35]. In other words,
this hierarchical arrangement is a prerequisite for the for-
mation of matrices and describes the priority among the
effective criteria in prioritization from a higher to lower
levels. This scale has been validated for effectiveness, not



Table 4 The importance scales and definitions

Definition The importance

Equal

Weak

Moderate importance
Moderate plus

Strong importance
Strong plus

Very strong importance

Very, very strong

O 0 9 N W kA W

Extreme importance

only in many applications by a number of people, but also
through theoretical justification of what scale one must
utilize in the comparison of homogeneous elements [35].
In addition, experts in the railway industry must define
priorities between criteria [35].

According to Eq. (7), matrix A shows a comparison
between the parameters. This indicates the prioritization
of experts' opinions on the effective criteria in prioritiza-
tion [7, 35].

A A4, - A - A, )
4 1 a, a,; aln_
A, a;, 1 a,
A= : ;= RS
4; 4 dp 1 a;, !
A, |a, a, - a, - 1

The matrix M in Eq. (8) represents the normalized 4
matrix, in which elements are indicated by a

B ’ ’ /_
a, a, L a,
r
ay
’ n
M= a =1/ a; ®)
!
L a; L
’ ’
_anl L ann _

The W matrix in Eq. (9) is a special unit vector of the 4
matrix and is called the priority vector. In the factor 4__
(Eq. (10)), n is the number of criteria used to calculate the
accuracy of a comparative matrix index, CI. To improve
the compatibility of effective parameters in prioritizing
and validating the opinion of experts, the CR is applied

which is calculated by Eq. (12).
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4
) lwn

W = I/I/'[ 5”V}, :;z‘/_zlaﬁ (9)
w

D = Z{W{Z::D (10)
CI=(lmM—n)/(n—l) (11)

CR=CI/RI 12)

After calculating the dependency index of criteria and
CR ratio, it is possible to utilize the following relation to
validate experts' opinions about relationship between pri-
oritization criteria. Table 5 shows the different RI values
for various amount of .

For CR < 0.1, the degree of consistency is satisfactory.
Otherwise, the judgment of experts should be revised
[7,35]. The AHP includes a consistency index for an entire
hierarchy. An inconsistency of 10 percent or less implies
that the adjustment is small compared to the actual values
of the eigenvector entries [35].

4 Results and discussion
Based on the previous sections, all the defined criteria
(X1-X7) for the projects are calculated. Then, a pairwise
comparison matrix is created which is performed by a sur-
vey of experts in Iran's Railway Company. The values of
criteria in the prioritization of railway reconstruction proj-
ects are given in Table 6.

If the value of a criterion is zero in the matrix, that crite-
rion does not affect the prioritization. As shown in Table 6,
some of the criteria such as the train speed restriction

Table 5 The values of RI

n RI
1 0

2 0

3 0.58
4 0.9
5 1.12
6 1.24
7 1.32
8 1.41
9 1.45

—_
[«

1.49
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Table 6 The values of criteria in prioritization for selected alternatives
Alternative X1 X2 X3 X4 X5 X6 X7
(USD) (Train-hour) (Train-hour) (tonnage) (hour) (CoSD)
Golezard-Siriz 19113600 0.00 0 0.85 17.00 309.52 2.37
Jalalabad- Golezard 8486400 0.00 0 0.85 17.00 138.50 3.19
Zarand- Jalalabad 8985600 0.00 0 0.85 17.00 146.52 3.00
Pourmand- Zarand 18969600 0.00 0 0.85 17.00 309.52 2.77
Kerman- Pourmand 19200000 0.00 0 0.85 17.00 325.88 2.83
Shourgaz-Roodshour 17203200 327.04 0 0.70 7.00 224.68 1.90
Roodshour-Namakzar 14745600 0.00 0 0.70 7.00 192.58 2.02

and the allowable speed are zero, which demonstrate that
after reconstruction in the selected alternatives there is no
removed speed restrictions and also the allowable speed
after reconstruction has not changed.

Table 7 shows the importance of the criteria compared
to each other. In the last column of Table 7, the ranking
of the criteria based on their importance are shown. This
information is achieved through collecting the opinion
of railway experts of Iran's railway company by standard
questionnaires. Finally, to calculate the final prioritiza-
tion, the values of criteria (Table 6) are multiplied by the
values of importance shown in Table 7.

As shown in Table 7, the most important criterion is
X1 or Cost of Reconstruction. X1 is the highest effective
criterion with a W, of 0.384, and the least effective crite-
rion is the time criterion with a W, value of 0.031. This
means that according to the experience of railway experts,
the most important factor in reconstruction projects is the
costs, while the least important factor is the time needed
for reconstruction.

Regarding the prioritization of reconstruction projects
shown in Table 8, Jalalabad-Golezard block is the first pri-
ority and Roodshour-Namakzar block is at the seventh pri-
ority for reconstruction. Considering that all the criteria
in prioritization for Jalalabad-Golezard block are at a bet-
ter or equal condition in comparison with the criteria in

Table 7 The importance of the criteria compared to each other

Criteria X1 X2 X3 X4 X5 X6 x7 g Rankof
! criteria

X1 1 5 5 6 3 8 4 0384 1

X2 11 2 14 3 13 00712 5

X3 1 2 15 4 U4 0074 4

X4 1 17 1 16 0064 6

X5 18 3 027 2

X6 116 0031 7

X7 10134 3

Table 8 Prioritization of alternative projects

Alternatives Weight Rank
Al Golezard-Siriz 0.1155 6
A2 Jalalabad- Golezard 0.1741 1
A3 Zarand- Jalalabad 0.1674 2
A4 Pourmand- Zarand 0.1185 4
A5 Kerman- Pourmand 0.1183 5
A6 Shourgaz-Roodshour 0.1606 3
A7 Roodshour-Namakzar 0.0974 7

prioritization for Roodshour-Namakzar block, it is com-
pletely logical that Jalalabad-Golezard block is in prior-
ity for reconstruction compared to Roodshour-Namakzar
block. According to the results of the research, Iran's
Railway Company has launched the reconstruction projects
based on the prioritization outputs of the current research.

5 Conclusions

Managing the budgets in transportation infrastructure proj-
ects is an important issue in railway transportation. Some
railway tracks don't have high quality due to the low level
of investment in the past and the lack of attention to main-
tenance operations. The limited resources and the economic
crisis necessitate the maximum efficiency in existing rail-
way track operation and in this regard prioritization of rail-
way reconstruction projects have particular importance.

In this research, according to the seven criteria includ-
ing cost of reconstruction, train speed restriction, allow-
able speed, railway capacity, traffic, time, and railway track
quality, the prioritization of reconstruction projects have
been conducted based on the AHP multi-criteria model.

The importance of the seven criteria compared to
each other has been determined by experts in the field
of railway reconstruction in Iran's Railway Company.
Seven blocks (alternatives) of Iran's railway network in
Kerman and Southeastern areas including Golezard-Siriz,
Jalalabad-Golezard, Zarand-Jalalabad, Pourmand-Zarand,



Kerman-Pourmand, Shourgaz-Roodshour and Roodshour-
Namakzar have been investigated in the AHP model for
prioritization. According to the conditions of railway
track reconstruction projects in Iran, it is considered to
use the AHP multi-criteria prioritization model for pri-
oritizing the railway reconstruction projects, since in
this method it is possible to apply experts' opinions and
investigate impact of all the criteria affecting prioritiza-
tion. Another reason for applying the MDAM approach
(like AHP method) instead of the CBA or other single cri-
teria methods was the similar projects in other countries
like Serbia, Hungary, Sweden, Denmark and so on. The
results of AHP method in prioritizing the infrastructure
projects (like railway reconstruction) in various countries
like Serbia, South Korea, Hungary, Sweden, Denmark,
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