Factors Affecting Delays in Rail Transportation Projects Using Analytic Network

Process: The Case of Iran

Abstract

Delays in the implementation and commissioning of rail transportation projects can cause
economic damages to project stakeholders and the cities linked by such rail networks. Hence,
the current study aims to investigate the key delay factors and provides salient
recommendations. In this study, multi-criteria decision-making — the Analytic Network Process
(ANP) and the DEMATEL (Decision Making trial and evaluation laboratory) method was
employed to help decision-makers in prioritizing these delay factors and evaluating their
interactions, respectively. A Delphi approach was used to validate the study’s findings via
expert questionnaire surveys — based on a rail transportation development project for the
Mobarakeh Steel Complex (MSC). The study’s findings revealed the management factors as
the most important delay factors, followed closely by the financial, design, and implementation
factors. Other potent issues include the existence of numerous decision-making stations, lack
of central role, and sufficient authority for the project managers are responsible for project
delays. Overall, the results show that resolving problems with the ‘management’ domain can
significantly avoid or alleviate the extent of delays in rail transportation development projects.
The study’s findings and recommendations can serve as a policy and consultative instrument

for the relevant stakeholders in the railway industry.

Keywords: Project delays; Rail transportation project; Analytic Network Process (ANP);
DEMATEL; Iran



1. Introduction

A large portion of resources in most countries are spent on infrastructural and development
projects. Road and transportation development projects, including railway development
projects, are among the focal infrastructural projects in an economic. The importance of rail
transportation projects is due to the essential role and high priority of rail transportation in
improving infrastructures and creating a balanced and sustainable development (Wang et al.,
2018; Cigu et al., 2019). Furthermore, the vital role of rail transportation in the Gross Domestic
Product (GDP), and its necessity for development in economy, trade, industry, agriculture,
financial and social sectors cannot be overstated (Wang et al., 2018). The advantages of ralil
transportation over road transportation for transportation of large quantities of cargo and
passengers, especially for long distances include significant reduction in energy consumption,
significantly higher safety and positive effects on the environment due to reduced fuel
consumption and reduced cost of transportation (Arvin et al., 2015).

Evidence acquired from studies in Europe, the United States, and China show that ralil
transportation offers significant environmental and safety advantages when compared to road
transportation (Phang, 2003; Mohri & Haghshenas, 2017; Wang et al., 2018; Cigu et al., 2019).
Most experts and decision-makers believe that the development of countries is dependent on
the development of their transportation networks and consider the transportation industry as
one of the main infrastructures necessary for growth (Sojoodi et al., 2012; Aldagheiri, 2010).
Therefore, following the predicted schedule for the implementation of transportation projects
is one of the necessary factors in development. Mahdi and Soliman (2018) reported that

delays in projects affect the early use of such projects by the clients.

The success of any construction project (through evaluation of its goals) is based on predicted
cost and schedule targets, which results in significant improvement of the project’s desirability
and profits (Hughes et al. 2015). Investigating the records related to construction projects,
including rail transportation projects in different countries, indicates that, in some cases,
projects fail to follow the initially predicted schedule and sometimes require numerous
extensions of their deadline (Han et al. 2009). Since the cost of railway construction in most
countries are covered through the national budget, and the role of the private sectors in these
investments is negligible the schedule of these projects is often ignored. This results in delays
in the construction and commissioning of the majority of railway projects (Behbahani et al.,
2012; Shafiepour et al., 2018).

Delays in the implementation and commissioning of railway development projects can result
in irreparable damages to the development of countries. Various factors result in delays in

construction projects. Furthermore, the effects of these factors are not equal, with some



factors having more significant effects on the project duration and, therefore, the cost of the
projects (Han et.al. 2009). An increase in implementation time of projects is often
accompanied by a decrease in the direct costs and an increase in the indirect costs of the
project. This often results in reduced feasibility of the projects and can cause a significant
waste of resources (Adam et al. 2015). These problems, especially in primary industries, can

lead to financial loss and, therefore, problems for other sectors and society.

The steel industry is one of the most critical strategic sectors which plays an essential role in
the development process of countries, especially for rail transportation (Cyril et al., 2017).
Mobarakeh Steel Complex (MSC) is the largest steel manufacturer in the Middle East, and its
development, expansion, and maintenance, as one of the strategic industries, is essential for
Iran. Each year, large investments are made for expansion, development, and maintenance
of various parts of this complex. Among these investments, the development of rail
transportation networks is one of the key projects of MSC. Estimations indicate that along with
a decrease in transportation time and improved environmental friendliness, the use of rail
transportation results in a 20% decrease in transportation costs for raw materials and final
products when compared to road transportation (MSC website).

Statistics also show that more than 16,415 thousand metric tones of raw materials and 2,150
thousand metric tons of finished products of MSC have been transported using railway
networks in March 2017 to March 2018 period. This means that rail transportation used 26.7%
of the products of this complex. Therefore, the timely construction of rail transportation
networks is one of the priorities of MSC. This means that identification and evaluation of

factors causing delays in these projects are necessary for preventing future delays.

Meanwhile, in recent years, multi-criteria criteria decision-making (MCDM) techniques, such
as Analytic Hierarchy Process (AHP) and ANP have been applied to prioritize the critical
success factors for project risk assessment. ANP is a generalization of AHP which is more
capable of a better and accurate predictions as well priority calculations in cases of networks
with dependent criteria. Meanwhile, Decision-Making Trial and Evaluation Laboratory
(DEMATEL) is a useful method to analyze and determine the relationship between cause and
effect. Consequently, in the last few years there has been a growing interest in integrating
DEMATEL with ANP method for MCDM (Ji et al., 2018). In previous research, the ANP and
DEMATEL methods have been widely used to assessing and prioritizing delay factors of
construction and industrial projects (Cheng and Li, 2005; Dedasht et al., 2017; Ji et al., 2018;

Karamoozian et al, 2019).

Therefore, the current study aims to identify and evaluate the causes of delays for rail

transportation projects of MSC from the extant literature and prioritized these factors using the



Analytic Network Process (ANP) approach. Also, the relationship and interactions between
the factors will be evaluated using the DEMATEL technique. The findings of the study will
contribute significant to the knowledge and practice of development process of railway
transport. It can also serve as a consultative instrument for government agencies and other

relevant stakeholders.

The remainder of the paper is organized as into four sections: Section 2 describes causes of
delay in railway development projects, Research methodology is presented in Section 3,

Section 4 discusses results and discussion; Section 5 concludes the paper.

2. Causes of delay in railway development projects

Given the importance of rail transportation network in countries, any delays in the construction
of railway projects can create significant losses. Therefore, identification and evaluation of
causes of the delays and providing solutions are important to prevent delays in future projects.
The specifications of delays and their effects can vary between projects.

VarNaseri et al. (2018), in their study, investigated the reasons for time scheduling failures in
railway construction projects. They used an applied study which gathered field information
using questionnaire and interviews. Their results indicated that the main reason for delays was
in the financial group and due to lack of timely payment of financial statements (VarNaseri et
al., 2018). In another study, Zanganeh (2016) investigated the reasons for delays in urban
train projects in Iran. His results indicated that the main reasons for the delay were weakness
regarding laws and regulations of contractor referral, significant changes in implementation
maps or technical specifications, lack of correct pricing by contractors during tenders, lack of
fixing oppositions on time and early commissioning of the project due to political and social

factors.

Furthermore, weaknesses regarding financing of contractors, lack of sufficient budget
allocation during the scheduled project duration, weaknesses in executive management of
contractors, long bureaucratic processes in government organizations, low accuracy in
volume estimations, lack of executive experience in designers, delays in creation and
distribution of implementation plans, and decision-making delays at critical times by the
employer were among other reasons for delayed commissioning of urban train projects in Iran
(Zanganeh, 2016). El-Kholy (2019) also reported that delay and cost overruns are very
common in highway project. Also, EI-Kholy (2019) used the artificial neural network to predict

percentages of overall delay in highway projects.

In another study, the delays during the construction of the railway connecting Chengannur and

Mavelikara in India was investigated. Case study analysis using the “Delay Analysis System”



showed that the project be delayed for up to 135 months (11+ years). The results also
indicated that delays in the provision of necessary materials and financial problems were the
main reasons for the delays in this project (Aswathi & Thomas, 2013). Mittal and Paul (2018)
also investigated the reasons for delays in the construction of urban railway projects in India.
Delays in land ownership and delivery of the project site to the contractors, changes in
applications and possible requirements, delayed payments, unpredictable underground
effects and changes in the ground conditions, raw material shortage in the market, delays in
approval of the project design and decision-making, lack of sufficient workforce, lack of
adequate data collection and incomplete investigations before implementation, and delays in
acquisition of necessary permits were identified as the most important reasons for delays in
these projects (Mittal & Paul, 2018).

The reasons for delays in the construction of ‘line 2’ of the urban train in the city of Tabriz was
investigated by Nikjou et al. (2009). Their results indicated that the most important reasons for
delays included repeated changes in information and documents provided by the employer,
the long duration necessary for evaluation and approval of suggestions and designs and
signing of contracts, delays due to lack of sufficient financing and credits (delays in payments)
and weaknesses in motivational systems for employees. (Nikjou et al., 2009).

In 2004, South Korea became the fifth country in work to use highspeed railways.
Uncertainties and numerous challenges in the planning and management stages resulted in
delays and an increase in project costs. ldentification of the reasons for delays in the 412-
kilometer-long highspeed railway project in South Korea was difficult because the KTX project
included a total of 11,141 different activities (Han et al., 2009). However, the results of the
study showed that the employer’s ability and strategy was insufficient for managing a project

at such a high technological level.

Repeated changes in the direction due to increased public environmental concerns,
insufficient project delivery systems, and lack of sufficient planning tools for such a large
project were among other reasons for these delays (Han et al. 2009). Anbarzadeh et al.
(2019), in their study, investigated the available documents for Kermanshah urban train project
and conducted interviews with executive managers in order to identify the reasons for delays.
The results of their study showed that delays in payments to contractors is the significant factor
for the long duration of the Kermanshah urban train project. The summary of the factors for
delays in railway projects is presented in Table 1. These delay factors are derived from past
researches. Railway development and construction projects have a lot in common with

construction projects. So, there will be a lot of common delay factors.



Table 1: The summary of factors for delays in railway construction projects

Reference

Reasons for delay

VarNaseri et.al. (2018)
Zanganeh (2016)

Aswathi and Thomas
(2013)

Mittal and Paul (2018)

Nikjou et.al. (2009)

Han et.al. (2009)

Anbarzadeh et.al. (2019)

Financial problems

Weakness regarding laws and regulations of contractor referral,
Significant changes in implementation maps or technical specifications,
Lack of correct pricing by contractors during tenders,

Lack of fixing oppositions in a timely manner and early commissioning of
the project due to political and social factors

Weaknesses regarding financing of contractors,

Lack of sufficient budget allocation during the scheduled project duration,
Weaknesses in executive management of contractors,

Long bureaucratic processes in government organizations,

Low accuracy in volume estimations,

Lack of executive experience in designers,

Delays in creation and distribution of executive plans,

Decision-making delays at critical times by the employer

Delays in raw material acquisition
Financial problems

Delays in land ownership and delivery of the project site to the
contractors,

Changes in applications and possible requirements,

Unpredictable underground effects and changes in the ground conditions,
Raw material shortage in the market,

Delays in approval of the project design and decision-making,

Lack of sufficient workforce,

Lack of sufficient data collection and incomplete investigations before
implementation,

Delays in acquisition of necessary permits

Repeated changes in information and documents provided by the
employer,

Long duration of evaluation and approval of suggestions and designs and
signing of contracts,

Delays due to lack of sufficient financing and credits

Weaknesses in motivational systems for employees

Repeated changes in the direction due to increased public environmental
concerns,

Insufficient project delivery system,

Lack of sufficient planning tools for large projects

Delays in payments to contractors during the project

3. Research methodology

As revealed in section 2, a list of factors affecting the time delays in rail transportation system

development projects in MSC were identified. Based on the identified factors causing delay

in rail projects, an expert questionnaire survey was developed using the Delphi survey
technique (Brady, 2015; Sarvari et al, 2019; Olawumi et al., 2018). Two rounds of Delphi

survey were adopted, and the first Delphi survey questionnaire contains 65 factor items which

was distributed among 10 experts. After the first round of the Delphi survey, necessary

modifications were made based on the experts’ opinions and the revised questionnaire



distributed for the second round of Delphi survey. Finally, the questionnaire was again revised
based on experts’ opinions with the final questionnaire form containing 48 items. Relevant
literature (see Chan et al., 2015; Chan & Chan, 2012; Olawumi & Chan, 2018) provided guide
in undertaking the Delphi approach.

3.1 Investigating the content and face validity of the questionnaire

In this section, the validity of each item was evaluated. Validity evaluates the ability of a test
to achieve its intended aim. In other words, a valid test must be suitable for measuring what it
intends to measure. The first step in determining the validity of a test is to investigate its
content validity. Content validity depends on logical analysis of test content and is determined

based on cognitive and personal judgments of individuals.

In order to measure content validity, the tests are presented to experts who are then asked to
determine whether each item measures its intended target and whether the items are in line
with the overall content of the test or not. In case of agreement between different individuals
regarding content validity of the test, the content validity is confirmed (Oktavia et.al., 2018). In
this study, the method proposed by Chadwick et.al. (1982) and Lavshy (1975) was employed.
Although the method proposed by Lavshy states that the minimum number of members is 4,
we decided to use a higher number of participants in this study.

This decision was made in order to overcome limitations such as people leaving the study and
low return rate of questionnaires which increases the reliability of the results. Furthermore,
Lavshy (1975) stated the minimum acceptable content validity coefficient is 0.6. In this regard,
Chadwick et.al. (1984) opined that at least eight (8) participants must meet these criteria.
Therefore, in the current study, 13 individuals participated in the evaluation of the content
validity of the questionnaire. Inclusion criteria for this part of the study included having at least

one hour or free time in order to fill the questionnaire (Hassanzadeh et.al., 2012).

3.1.1 Content Validity Ratio

Content Validity Ratio (CVR) was first introduced by Lawshe (1957). This ratio is used in order
to measure content validity based on experts’ opinions. In this method, the aim of the test is
explained to the experts who are then asked to score each item using Likert scale between

“necessary item”, “useful but not necessary item” and “unnecessary item”. Then, CVR is

calculated using equation (1):

cve =2 (1)

2

Where N is the total number of experts and n is the number of experts who have selected

“necessary item” option. The minimum acceptable CVR value for a total of 13 experts is equal



to 0.54 (Pezshki et. al., 2017). Items with CVR values lower than this threshold should be
eliminated from the test due to lack of suitable content validity.

3.1.2 Content Validity Index

Content Validity Index was investigated using Waltz and Bausell approach (1983). In this
approach, experts were asked to score each item regarding its “relevance”, “clarity” and
“simplicity” using a 4-point Likert scale. The experts scored the relevance using 1 (“irrelevant”),
2 (“Somewhat relevant”), 3 (“relevant”) and 4 (“fully relevant”). Simplicity was also scored using
1 (“not simple”), 2 (“Somewhat simple”), 3 (“simple”) and 4 (“simple and relevant”) while clarity
was scored using 1 (“‘unclear”), 2 (“Somewhat clear”), 3 (“clear”) and 4 (“clear and relevant”).

Then, Content Validity Index was calculated using equation (2):

Number of experts giving 3 and 4 scores
total number of experts

Content Validity Index (CVI) =

)

The minimum acceptable threshold for CVI is 0.79 and items with scores below this threshold
are eliminated (Pezshki et.al., 2017; Fadavi-Ghaderi et.al., 2017).

3.1.3 Investigation of face validity

Face or Formal validity is a primary and minimal criterion for content validity. This type of
validity shows that measured elements are capable of measuring the intended concepts at a
face value. In order to measure face validity of the items, the item impact score test is used.
In order to calculate item impact scores — First, the participants are asked to score the
importance of each item in the questionnaire using a 5-point Likert scale from 1 (“Not important
at all”), 2 (“a little important”), 3 (“Somewhat important”), 4 (“important”) and 5 (“very

important”). Then, impact score is calculated using equation (3):
Impact Score = Frequency (%) X Importance 3)

The face validity value of items must not be below 1.5 and only items with impact scores higher
that 1.5 are retained (Fadavi-Ghaderi et.al. 2017).

3.1.4 The result of face and content validity tests

A total of 13 experts responded to the initial questionnaire. Furthermore, a group panel were
asked of their opinions and suggestions regarding delay factors present in the initial
questionnaire in order to determine any hidden factors. To this end, the item of “Do you think
the grouping is suitable?” was added to the questionnaire. Furthermore, the experts were

asked to offer their suggestions under the same question in case of disagreement with the



grouping. The results of face and content validity evaluations showed that only 16 items have

suitable face and content validity scores (see Appendix E).
3.2 Evaluating the Reliability of the questionnaire

In this section, the reliability of the items was investigated and items with low reliability are
removed in order to improve the overall reliability of the test. Various methods are used to
measure reliability. In this study, Cronbach’s Alpha coefficient was calculated using the SPSS
software. The Cronbach’s Alpha value must be higher than 0.7 (Taber, 2018). The Cronbach’s
Alpha value calculated in the current study was 0.908 which indicates that all items have
suitable reliability. After confirming the validity and reliability of the test, the final questionnaire,
presented in Table 2, was used to identify and prioritize factors causing delays in rail

transportation network development projects of MSC using the ANP.

Table 2: Project Delay Factors

Factor Code Sub-factor Code
Lack of budget predictions for new activities in contracts 1F
Financial Fin Lack of transparency in general and specific contract conditions 5
F
of MSC
Lack of central role for project lead in execution stages
. e ) . 3M
(scattering of decision-makers in projects)
Numerous decision-making points in the project (outside of AM
Management Mgn implementation deputy)
Lack of sufficient authority for project lead in implementation unit 5M
Lack of timely issuance of work permit (inside workshop) by 6M
operators
Lack of correct prediction of contract schedule 7D
Lack of correct prediction of require time for land and workshop 8D
equipment preparation
Design Des Not filling prOJ_ect d_ocuments_ befqrg tender (including maps, 9D
operator confirmations, providers’ list, etc.)
Inconsistence of plans with estimates attached to contract 10D
Incompatibility between project implementation method and 11D
contract type (BOT, PC, EPC, etc.)
Lack of specialized organizational structure specially in 12E
contractors and supervisors
Lack of engineering coordination between factory, operators, 13E
and executors of the initial plans (especially in EPC projects)
) Lack of necessary permits from units involved in the project for 14E
Executive Exe land preparation, conflict resolution, workshop outfitting, etc.
Weaknesses in executive management of the contractors 15E
Lack of sufficient insistence of supervising units for timely 16E

delivery of the project




4. Results and discussion
4.1 Determination of interrelationships between factors and criteria

The Decision-Making Trail and Evaluation Laboratory (DEMATEL) approach was used to
prepare a map of interactions between various factors/criteria in the network. DEMATEL
approach can effectively prepare a map of interrelations between factors with clear relations
between sub-factors of each factor. Furthermore, this approach can be used to create
causation graphs which evaluate the cause and effect relations in the system (Blyukdzkan &

Cifci, 2016). The steps of the implementation of the DEMATEL approach are as bellow:

Step 1: Formation of direct relation matrix: In this step, the pairwise effect of factors on
each other is investigated. in order to investigate the effect of factors on each other, a scale
with five options is used (Table 3). When the opinions of several individuals are used, the

average score for each relation is used (Kaushik, 2015).

Table 3: The DEMATEL questionnaire scales

No effect Very small effect Small effect Large effect Very large effect

0 1 2 3 4

The matrix created in this step is shown in Appendix A with its elements being a;. Each element
a is the effect of i factor on the j factor (equation 4). Then, experts’ opinions are used for the

pairwise comparisons and recording of the results.
1
A= [aij] = ;Z%le (4)

Step 2: Normalization of direct relation matrix: Equation 5 is used to convert direct relation

matrix A to normalized direct relation matrix D.

D=mxA (5)

Where, m = min

],i,j € {1,2,..,n}

n 4 n
max;Yi_, Gij  Max; Y, aj

Step 3: Calculation of full relation matrix: After calculation of matrix D, which is the
normalized direct relation matrix, full relation matrix T can be calculated using equation (6)

where “I” is an identify matrix (Kaushik, 2015).
T =1lim(D + D?+ -+ D™) =¥%_,, D (6)
Z D!=Dp'+D'+--4+ D™ =D+ D'+ D%+ -+ D™ =D(1-D)1(1-D)™

m-—-oo

T=D(1-D)!
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Step 4: Creation of Causation Graph: The sum of elements on the rows and columns of
matrix T are shown with vectors r and c, respectively (equations 7 and 8). The values on the
horizontal axis or “importance axis” shows the level of importance for each factor which is
calculated as the sum of vectors r and c (c+r). Similarity, the values for the vertical axis or
“‘dependence axis” are calculated based on the difference of these two vectors (c-r). These
values help divide the factors into causes and effects. In general, when (c-r) is a positive
number, the factor belongs to the cause category and otherwise the factor belongs to the
effects’ category. Therefore, the causation graph is created by plotting the (c+r, c-r) values for
each factor (Kaushik, 2015).

r=[rlwa =1 ?=1Tij]n><1 (7)

¢ = [cilnx1 = [Z?=1Tij]1><n (8)

Step 5: Creation of network relationship map: It is possible to create a network relationship
map (NRM) between various factors. In order to calculate the network relationships, a
threshold value a is calculated using the average values of matrix T (equation 9). This can
help eliminate partial relationships (all relationships with values below the threshold value)
from the causation relation while significant relationships (relationships whose values in matrix

T are higher than the threshold value) are shown (Kaushik, 2015).

o= Yieq 2?21 T

N (9)

4.1.1 Theresults of DEMATEL approach

Data analysis using DEMATEL approach showed that the threshold value is equal to 2.5. The
causation graph is presented in Figure 1. The results indicated that the financial factor is
placed in the causation category; and the management, design, and execution factors are
placed in the effect category. Normalization of direct relation matrix and calculation of full
relationship matrix for sub-factors was carried out using DEMATEL approach after data
analysis. The threshold value in this case is equal to 0.0325216 with values lower than this
threshold value being considered as zero. Finally, the model for network relationships was
created and confirmed by two statistical experts. The results of data analysis using DEMATEL
for factors and sub-factors are shown in Table 4 and 5, respectively. This clarified the internal
relations and interactions of the network which are presented in Figure 2. This decision tree
includes 4 factors and 16 sub-factors. Also, in order to make these interactions and
connections easier to understand, network’s internal relationships for factors and sub-factors

are presented at appendix B.
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Figure 1: Causation graph
Table 4: The results of data analysis using DEMATEL for factors
Factors r-c r+c
Financial 1.75861 18.241
Managerial -0.2043 20.204
Design -0.8967 2.897
Executive -0.6576 20.658
Table 5: The results of data analysis using DEMATEL for sub-factors
1F 2F 3M | 4M | 5M | 6M 7D 8D 9D | 10D | 11D | 12E | 13E | 14E | 15E | 16E
1F | 0.0021 | 0.04373 | 0.000 | 0.000 | 0.000 | 0.000 | 0.004 | 0.004 | 0.002 | 0.000 | 0.002 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
8 06 35 06 11 73 67 90 08 34 00 64 9% 00 00
2F | 0.0502 | 0.00573 | 0.001 | 0.008 | 0.001 | 0.002 | 0.108 | 0.107 | 0.066 | 0.001 | 0.053 | 0.000 | 0.014 | 0.022 | 0.000 | 0.000
5 28 02 37 61 90 32 72 92 71 00 74 14 00 00
3M | 0.0022 | 0.00126 | 0.080 | 0.125 | 0.236 | 0.216 | 0.016 | 0.011 | 0.004 | 0.002 | 0.002 | 0.000 | 0.021 | 0.010 | 0.000 | 0.000
7 27 12 44 71 17 48 93 84 59 00 75 4 00 00
4M | 00023 | 000144 [ 0.122 | 0.035 | 0.125 | 0.079 | 0.104 | 0.064 | 0.012 | 0.002 | 0.003 | 0.000 | 0.017 | 0.058 | 0.000 | 0.000
2 13 14 07 45 06 87 99 33 31 00 86 63 00 00
5M | 00057 | 0.00313 | 0.210 | 0.079 | 0.068 | 0.140 | 0.017 | 0.015 | 0.010 | 0.007 | 0.006 | 0.000 | 0.055 | 0.013 | 0.000 | 0.000
2 9% 56 01 31 99 11 35 29 35 00 90 75 00 00
6M | 00061 | 0.00339 | 0.189 | 0.122 | 0.228 | 0.066 | 0.022 | 0.018 | 0.011 | 0.007 | 0.006 | 0.000 | 0.060 | 0.016 | 0.000 | 0.000
8 51 32 99 04 95 45 50 85 88 00 22 77 00 00
7D | 0.0086 | 0.00569 | 0.007 | 0.056 | 0.008 | 0.012 | 0.032 | 0.112 | 0.064 | 0.007 | 0.013 | 0.000 | 0.057 | 0.070 | 0.000 | 0.000
7 92 18 37 10 84 86 30 55 67 00 90 31 00 00
8D | 00072 | 0.00566 | 0.002 | 0.019 | 0.002 | 0.004 | 0.110 | 0.032 | 0.099 | 0.003 | 0.015 | 0.000 | 0.023 | 0.107 | 0.000 | 0.000
6 82 53 99 61 00 89 85 01 27 00 06 14 00 00
oD | 00680 | 0.05541 | 0.006 | 0.023 | 0.007 | 0.022 | 0.105 | 0.103 | 0.055 | 0.019 | 0.153 | 0.000 | 0.150 | 0.126 | 0.000 | 0.000
8 22 84 05 40 77 73 68 67 22 00 77 12 00 00
10D | 0.0093 | 0.00511 | 0.002 | 0.004 | 0.003 | 0.012 | 0.017 | 0.017 | 0.015 | 0.012 | 0.010 | 0.000 | 0.092 | 0.015 | 0.000 | 0.000
8 60 31 08 93 32 37 86 03 31 00 21 86 00 00
11D | 0.0535 | 0.00987 | 0.001 | 0.008 | 0.001 | 0.004 | 0.108 | 0.068 | 0.147 | 0.003 | 0.021 | 0.000 | 0.025 | 0.027 | 0.000 | 0.000
2 62 86 78 18 60 46 76 36 94 00 73 26 00 00
12E | 0.0000 | 0.00000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.031 | 0.000 | 0.000 | 0.179 | 0.000
0 00 00 00 00 00 00 00 00 00 19 00 00 34 00
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13E | 0.1078 | 0.05872 | 0.029 | 0.049 | 0.035 | 0.148 | 0.199 | 0.199 | 0.182 | 0.138 | 0.118 | 0.000 | 0.060 | 0.182 | 0.000 | 0.000
5 86 51 36 73 19 76 36 31 55 00 41 36 00 00
14E | 0.0066 | 0.00397 | 0.018 | 0.144 | 0.018 | 0.018 | 0.126 | 0.161 | 0.028 | 0.007 | 0.008 | 0.000 | 0.056 | 0.035 | 0.000 | 0.000
9 28 60 97 48 39 69 24 37 77 00 48 66 00 00
15E | 0.0000 | 0.00000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.179 | 0.000 | 0.000 | 0.031 | 0.000
0 00 00 00 00 00 00 00 00 00 34 00 00 19 00
16E | 0.0000 | 0.00000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
0 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Financial

AMd |

Managerial

an |

Identification and
prioritization of
factors affecting
the time delay of
the rail transport

development
project

gD |

Designing

oD |

10D |

11D |

12E |

Executive

14E |

I6E |

Figure 2: Network’s internal interactions and connections

4.2 Evaluation the effective factors on delays in rail transportation projects

In this study, ANP Method was used to evaluate the effective factors on delays in rail
transportation development projects in MSC. In order to solve this problem, a network was
created where the nodes indicated that the required goals, factors or options and vectors
connecting these nodes are indicating the existence and direction of effects between each two
nodes. In the modeling stage, the decision-making’s goal, its factors and possible options are
specified. Using pairwise comparison, it is possible to determine the relative weight of factors

and sub-factors. The pairwise comparison of elements at each level is carried out based on

13




their relative importance compared to control criteria, which is similar to hierarchical approach
(Khademi et al., 2011; Asadabadi et al. 2019). In these comparisons, a relative value of 1 to 9
is assigned in order to compare each two elements (Table 6).

Table 6: The valuation for pairwise comparison based on degree of importance (Saati, 1980).

Value Priority Description
1 Similar Option or factor i has similar priority compared to j
3 Small priority Option or factor i has slightly higher priority compared to |
5 Higher priority Option or factor i has higher priority compared to j
7 S'gmf'gﬂgtrlﬁlyh'gher Option or factor i has significantly higher priority compared to j
9 Fully preferred Option or factor i is fully preferred and can’t be compared to j
. Show values between preferred values. For example, a score of 8
2,4,6,8 Intermediate

shows higher priority compared to 7 and lower priority than 9 for i

Also, the internal weights of factors and sub-factors (specified during modeling step) are
calculated as well as the considerations of the, internal dependencies and feedbacks. The
important point in pairwise judgments and comparisons is to control for compatibility. This is
especially important in macro decisions because people might act contradictory in their
judgments. In general, a compatibility of less than 0.1 in pairwise comparison matrix is
acceptable. Compatibility ratio (CR) for each matrix is calculated where Cl is the compatibility
index o pairwise comparison matrix calculated based on highest Eigen vector value (Avax) and
its dimension (n). The compatibility rate is calculated by the software and presented for each
pairwise comparison matrix. If this value exceeds 0.1, then the judgment is incompatible and
the method of judgment must be revised (Son,2014; Ortiz et al. 2015; Asadabadi et al. 2019).

One of the calculation methods for ANP is to put the weights calculated in pairwise
comparisons in a super matrix. This super matrix is a matrix of relations between network
members which is calculated using Eigen vectors of these relations. Super matrix can be
divided into various blocks. Each block shows the weights calculated through pairwise
comparisons of rows (i.e. factors) based on columns (i.e. options). After the formation of the
initial super matrix, which is known as Inharmonious super matrix, if necessary, the columns
in this matrix are normalized and a weighted or normalized super matrix is calculated. Saati
used probability matrices and Markov chains to prove that the final weight is calculated using
equation 10 (Asadabadi et al. 2019)

W = lim w?k+1 gr? (10)

k—oo
Where k is an odd number. Solving the above equation results in the final matrix or the
constrained matrix. In this matrix, the elements in each row are equal to each other and to the

weight determined for that row.
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In this study, DEMATEL method is used only for analysing and quantifying cause-effect
relationships, in order to simplify network relationships. ANP is used to evaluate weights of
the business environment criteria in order to prioritize and evaluate the interactions between
these delay factors. So, different scales of ANP (scale of 1-9) and DEMATEL (scale of 0-4 or
1-5) does not affect the results. Selection scales for ANP (scale of 1-9) and DEMATEL (scale
of 0-4 or 1-5) has been done based on past researches (Saati, 1980; Khademi et al., 2011;
Kaushik, 2015; Buyukozkan & Cifci, 2016; Asadabadi et al. 2019).

4.2.1 The result of data analysis using Analytic Network Process

The target population in this study included 20 experts involved in rail transportation
development projects of MSC who were asked to fill the questionnaire (pairwise comparisons)
created based on ANP. The decision-making process when using ANP includes four steps of
modeling and structuring, pairwise comparisons of priority vectors, creation of super matrix

and final categorization.

The decision tree presented in Figure 2 is simulated in Super Decision software. Then, date
is entered into the Super Decision environment for analysis using ANP based on interactions
and relations shown in Figure 2. In this study, the inconsistency rate lower than 0.1 for all

pairwise comparisons are considered as acceptable.

In order to determine the overall priorities in a system with internal interactions, internal priority
vectors are entered in the columns of a matrix. Therefore, a super matrix (a divided matrix) is
created where each part of the matrix shows the relationships between two clusters of the
system. The inharmonious super matrix is created by substituting the internal priority vectors
of elements and clusters in the initial super matrix. The inharmonious super matrix is presented
in Appendix A. In the next step, normalized (harmonious) super matrix is created by multiplying
the inharmonious super matrix with the cluster matrix. Harmonious super matrix and limited

super matrix are shown in Appendices C and D, respectively.

The rankings obtained using Super Decision software for four factors of financial,
management, design, and executive are presented in Table 7. Based on these results,
management factor plays the largest role in delays of rail transportation development projects
in MSC. Factors with second to fourth rankings include financial, executive and design factors,
respectively. After evaluating the priority of factors, the final prioritization for sub-factors (delay
factors) is presented using Super Decision software. The final ranking matrix is presented in

Table 8 while the final prioritization of sub-factors is presented in Table 9.
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Table 7: factor rankings

Row Group Normalized Idealized
1 Financial 0.2807 0.5293
2 Management 0.5304 1.0000
3 Design 0.1361 0.2566
4 Executive 0.0527 0.09937
Table 8: Final ranking matrix
Name Ideals Normals Raw
1F 0.297731 0.060966 0.060966
2F 0.342820 0.070199 0.070199
3M 0.853110 0.174691 0.174691
4M 1.000000 0.204770 0.204770
5M 0.571159 0.116956 0.116956
6M 0.454642 0.093097 0.093097
7D 0.484989 0.099311 0.099311
8D 0.406127 0.083162 0.083162
9D 0.080787 0.016543 0.016543
10D 0.017548 0.003593 0.003593
11D 0.055581 0.011381 0.011381
12 E 0.019046 0.003900 0.003900
13E 0.123999 0.025391 0.025391
14E 0.156947 0.032138 0.032138
15E 0.019046 0.003900 0.003900
16 E 0.000000 0.000000 0.000000
Table 9: Final ranking of delay sub-factors
Sub-factor Code Graphic
!_ack of budget predictions for new activities 1F
in contracts
Lack of transparency in general and specific oF

contract conditions of MSC

Lack of central role for project lead in
execution stages (scattering of decision- 3M
makers in projects)

Numerous decision-making points in the

project (outside of implementation deputy) M
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Lack of sufficient authority for project lead in

: ) . 5M
implementation unit
Lack of timely issuance of work permit 6M
(inside workshop) by operators
Lack of correct prediction of contract

7D
schedule
Lack of correct prediction of require time for 8D

land and workshop equipment preparation

Not filling project documents before tender
(including maps, operator confirmations, 9D
providers’ list, etc.)

Inconsistence of plans with estimates
attached to contract

Incompatibility between project
implementation method and contract type 11D
(BOT, PC, EPC, etc.)

Lack of specialized organizational structure
specially in contractors and supervisors
Lack of engineering coordination between
factory, operators, and executors of the 13E
initial plans (especially in EPC projects)

Lack of necessary permits from units

involved in the project for land preparation, 14E
conflict resolution, workshop outfitting, etc.
Weaknesses in executive management of
the contractors

Lack of sufficient insistence of supervising
units for timely delivery of the project

10D

12E

15E

16E

4.3 The final ranking of delay sub-factors

The final ranking for factors affecting delays of rail transportation development projects in MSC
were determined based on the weights of factors and sub-factors using ANP method in
decreasing order. Among the four main factors identified in this study, management factor had
the highest weight and the first rank and was the most important reason for delays of rail
transportation development projects in MSC. A similar study by Pall et al. (2019) which
investigated project delay factors in a heavy engineering sector, shows the management factor
is critical to the project meeting its target schedule. Accordingly, they recommended the
employers to work in harmony with other stakeholders such as the contractors, consultants,
etc. to streamline all the contractual and other project processes. Furthermore, financial factor
was in the second place, design factor was in the third place and executive factor was in the
fourth place (see Table 5). Similar findings were revealed in the study by El-Kholy (2019) and
Mahdi and Soliman (2018).

Regarding the sub-factors for each main factor — the final ranking was carried out according
to Table 6 and sub-factors of numerous decision-making points in the project (outside of

implementation deputy) had the first rank and was the most important reason for delays in rail

17



transportation development projects in MSC. Furthermore, sub-factors of lack of central role
for project manager during implementation phase (the scattering of decision-makers in the
project) had was the second most important sub-factor and lack of sufficient authority for
project manager was the third important factor among a total of 16 identified sub-factors
causing delays in rail transportation development projects in MSC. The sub-factor 16E — “lack
of sufficient insistence of supervising units for timely delivery of the project” has the lowest

weighting and rank has no influence on project delays in railway transportation.

5. Conclusions

This study aimed at identifying and prioritizing the reasons for delays in rail transportation
development projects in MSC in Iran using the ANP approach. The results showed that among
the four identified main factor categories, the management factor had the highest weight —
hence must be given the first priority in decision-making towards preventing delays in rail
transportation development projects. Financial, design, and executive actors were located in
the second to fourth places, respectively.

Moreover, among the sub-factors, numerous decision-making points in the project (outside of
implementation deputy) had the first rank among factors causing delays in rail transportation
development projects in MSC. Furthermore, the sub-factor of lack of a central role for project
manager during the implementation phase was ranked in the second place while lack of
sufficient authority for the project manager was in the third place, all of which subsumed to the
management factor. This shows that alleviating problems with the management domain can

significantly avoid or mitigate delays in rail transportation development projects.

The current study is limited in scope because respondents are from a single organization —
the Mobarakeh Steel Complex; although, MSC is the largest steel manufacturer in the Middle
East. Also, a small sample size of respondents was involved, however, their experience in
railway transportation compensated for this limitation. Future studies can undertake similar
studies in other regions, countries, or construction organizations towards ameliorating the
impacts of project delays in railway constructions. The study’s findings and recommendations
can serve as a policy and consultative instrument for the relevant stakeholders in the railway

industry.
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Appendix A: weightless super matrix

0Goal 1Criterias Alternatives
Q | 0Goal | 0Goal .
[ORr Fin Man Des Exe 1F 2F 3M 4M 5M 6M 7D 8D 9D 10D 11D 12E 13E 14E 15E 16E
S | node | node
Fin 0.28076 0.000 0.88889 0.14286 0.54693 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1)
g Man 0.53042 0.33333 0.000 0.85714 0.10853 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
e
6 Des 0.13612 0.66667 0.11111 0.000 0.34454 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
—
E)(e 0.05271 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1F 0.000 0.12500 0.000 0.000 0.000 0.000 0.53065 0.000 0.000 0.000 0.000 0.000 0.000 0.51121 0.000 0.56754 0.000 0.34652 0.000 0.000 0.000
2F 0.000 0.87500 0.000 0.000 0.000 1.00000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.20571 0.000 0.000 0.000 0.22961 0.000 0.000 0.000
3M 0.000 0.000 0.16116 0.000 0.000 0.000 0.000 0.000 0.33436 0.70712 0.25266 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
4M 0.000 0.000 0.06754 0.000 0.000 0.000 0.000 0.71723 0.000 0.07015 0.05115 0.48000 0.000 0.000 0.000 0.000 0.000 0.04776 0.54848 0.000 0.000
5M 0.000 0.000 0.57333 0.000 0.000 0.000 0.000 0.08808 0.24060 0.000 0.53488 0.000 0.000 0.000 0.000 0.000 0.000 0.09873 0.000 0.000 0.000
6M 0.000 0.000 0.19796 0.000 0.000 0.000 0.000 0.19469 0.15656 0.22273 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.03851 0.000 0.000 0.000
7D 0.000 0.000 0.000 0.08388 0.000 0.000 0.22825 0.000 0.05123 0.000 0.000 0.000 0.74184 0.07206 0.000 0.12634 0.000 0.03966 0.23232 0.000 0.000
g
% 8D 0.000 0.000 0.000 0.03479 0.000 0.000 0.06796 0.000 0.18875 0.000 0.000 0.28995 0.000 0.14216 0.000 0.23557 0.000 .02616 0.16333 0.000 0.000
=
9 9D 0.000 0.000 0.000 0.12627 0.000 0.000 0.04055 0.000 0.000 0.000 0.000 0.05536 0.07520 0.000 0.000 0.07055 0.000 0.04495 0.000 0.000 0.000
<
]_OD 0.000 0.000 0.000 0.28865 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.75000 0.000 0.000 0.03538 0.000 0.000 0.000
11D 0.000 0.000 0.000 0.46641 0.000 0.000 0.13259 0.000 0.000 0.000 0.000 0.000 0.000 0.02851 0.000 0.000 0.000 0.06310 0.000 0.000 0.000
12E 0.000 0.000 0.000 0.000 0.06764 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.00000 0.000
13E 0.000 0.000 0.000 0.000 0.53094 0.000 0.000 0.000 0.000 0.000 0.16132 0.07732 0.000 0.000 0.25000 0.000 0.000 0.000 0.05587 0.000 0.000
14E 0.000 0.000 0.000 0.000 0.11590 0.000 0.000 0.000 0.02849 0.000 0.000 0.09737 0.18296 0.04035 0.000 0.000 0.000 0.02963 0.000 0.000 0.000
15E 0.000 0.000 0.000 0.000 0.22789 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.00000 0.000 0.000 0.000 0.000
]_6E 0.000 0.000 0.000 0.000 0.05762 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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Appendix B: Network’s internal interactions and connections for factors and sub-factors

Appendix B-1: Network’s internal interactions and connections for factors
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Appendix B-2: Network’s internal interactions and connections for sub-factors
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Appendix C: weighted super matrix

0Goal 1Criterias Alternatives
0Goal | 0Goal .
0Goal Fin Man Des Exe 1F 2F 3M 4M 5M 6M 7D 8D 9D 10D 11D 12E 13E 14E 15E 16E
node | node

Fin 0.28076 0.000 0.44444 0.07143 0.27347 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1)

g Man 0.53042 0.16667 0.000 0.42857 0.05426 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
e

6 Des 0.13612 0.33333 0.05556 0.000 0.17227 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
—

Exe 0.05271 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

]_F 0.000 0.06250 0.000 0.000 0.000 0.000 0.53065 0.000 0.000 0.000 0.000 0.000 0.000 0.51121 0.000 0.56754 0.000 0.34652 0.000 0.000 0.000

2F 0.000 0.43750 0.000 0.000 0.000 1.00000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.20571 0.000 0.000 0.000 0.22961 0.000 0.000 0.000

3M 0.000 0.000 0.08058 0.000 0.000 0.000 0.000 0.000 0.33436 0.70712 0.25266 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

4M 0.000 0.000 0.03377 0.000 0.000 0.000 0.000 0.71723 0.000 0.07015 0.05115 0.48000 0.000 0.000 0.000 0.000 0.000 0.04776 0.54848 0.000 0.000

SM 0.000 0.000 0.28667 0.000 0.000 0.000 0.000 0.08808 0.24060 0.000 0.53488 0.000 0.000 0.000 0.000 0.000 0.000 0.09873 0.000 0.000 0.000

GM 0.000 0.000 0.09898 0.000 0.000 0.000 0.000 0.19469 0.15656 0.22273 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.03851 0.000 0.000 0.000

7D 0.000 0.000 0.000 0.04194 0.000 0.000 0.22825 0.000 0.05123 0.000 0.000 0.000 0.74184 0.07206 0.000 0.12634 0.000 0.03966 0.23232 0.000 0.000
%)
(]

; 8D 0.000 0.000 0.000 0.01740 0.000 0.000 0.06796 0.000 0.18875 0.000 0.000 0.28995 0.000 0.14216 0.000 0.23557 0.000 0.02616 0.16333 0.000 0.000
©
=

[ 9D 0.000 0.000 0.000 0.06313 0.000 0.000 0.04055 0.000 0.000 0.000 0.000 0.05536 0.07520 0.000 0.000 0.07055 0.000 0.04495 0.000 0.000 0.000
Q
<

1OD 0.000 0.000 0.000 0.14433 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.75000 0.000 0.000 0.03538 0.000 0.000 0.000

11D 0.000 0.000 0.000 0.23320 0.000 0.000 0.13259 0.000 0.000 0.000 0.000 0.000 0.000 0.02851 0.000 0.000 0.000 0.06310 0.000 0.000 0.000

12E 0.000 0.000 0.000 0.000 0.03382 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.00000 0.000

13E 0.000 0.000 0.000 0.000 0.26547 0.000 0.000 0.000 0.000 0.000 0.16132 0.07732 0.000 0.000 0.25000 0.000 0.000 0.000 0.05587 0.000 0.000

14E 0.000 0.000 0.000 0.000 0.05795 0.000 0.000 0.000 0.02849 0.000 0.000 0.09737 0.18296 0.04035 0.000 0.000 0.000 0.02963 0.000 0.000 0.000

15E 0.000 0.000 0.000 0.000 0.11394 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.00000 0.000 0.000 0.000 0.000

16E 0.000 0.000 0.000 0.000 0.02881 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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Appendix D: limited super matrix

0Goal 1Criterias Alternatives
0Goal | 0Goal .
0Goal Fin Man Des Exe 1F 2F 3M 4M 5M 6M 7D 8D 9D 10D 11D 12E 13E 14E 15E | 16E
node node

Fin 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
@

= Man 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
e

6 Des 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
—

Exe 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

1F 0.06097 0.06145 0.06145 0.06145 0.05210 0.06145 0.06145 0.06145 0.06145 0.06145 0.06145 0.06145 0.06145 0.06145 0.06145 0.06145 0.000 0.06145 0.06145 0.000 0.000

2F 0.07020 0.07075 0.07075 0.07075 0.05999 0.07075 0.07075 0.07075 0.07075 0.07075 0.07075 0.07075 0.07075 0.07075 0.07075 0.07075 0.000 .07075 0.07075 0.000 0.000

3M 0.17469 0.17606 0.17606 0.17606 0.14928 0.17606 0.17606 0.17606 0.17606 0.17606 0.17606 0.17606 0.17606 0.17606 0.17606 0.17606 0.000 0.17606 0.17606 0.000 0.000

4M 0.20477 0.20638 0.20638 0.20638 0.17498 0.20638 0.20638 0.20638 0.20638 0.20638 0.20638 0.20638 0.20638 0.20638 0.20638 0.20638 0.000 0.20638 0.20638 0.000 0.000

5M 0.11696 0.11788 0.11788 0.11788 0.09994 0.11788 0.11788 0.11788 0.11788 0.11788 0.11788 0.11788 0.11788 0.11788 0.11788 0.11788 0.000 0.11788 0.11788 0.000 0.000

6M 0.09310 0.09383 0.09383 0.09383 0.07955 0.09383 0.09383 0.09383 0.09383 0.09383 0.09383 0.09383 0.09383 0.09383 0.09383 0.09383 0.000 0.09383 0.09383 0.000 0.000

7D 0.09931 0.10009 0.10009 0.10009 0.08486 0.10009 0.10009 0.10009 0.10009 0.10009 0.10009 0.10009 0.10009 0.10009 0.10009 0.10009 0.000 0.10009 0.10009 0.000 0.000
%)
(]

; 8D 0.08316 0.08382 0.08382 0.08382 0.07106 0.08382 0.08382 0.08382 0.08382 0.08382 0.08382 0.08382 0.08382 0.08382 0.08382 0.08382 0.000 0.08382 0.08382 0.000 0.000
©
=

B 9D 0.01654 0.01667 0.01667 0.01667 0.01414 0.01667 0.01667 0.01667 0.01667 0.01667 0.01667 0.01667 0.01667 0.01667 0.01667 0.01667 0.000 0.01667 0.01667 0.000 0.000
Q
<

]_OD 0.00359 0.00362 0.00362 0.00362 0.00307 0.00362 0.00362 0.00362 0.00362 0.00362 0.00362 0.00362 0.00362 0.00362 0.00362 0.00362 0.000 0.00362 0.00362 0.000 0.000

]_]_D 0.01138 0.01147 0.01147 0.01147 0.00973 0.01147 0.01147 0.01147 0.01147 0.01147 0.01147 0.01147 0.01147 0.01147 0.01147 0.01147 0.000 0.01147 0.01147 0.000 0.000

]_2E 0.00390 0.000 0.000 0.000 0.07608 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.50000 0.000 0.000 0.50000 0.000

13E 0.02539 0.02559 0.02559 0.02559 0.02170 0.02559 0.02559 0.02559 0.02559 0.02559 0.02559 0.02559 0.02559 0.02559 0.02559 0.02559 0.000 0.02559 0.02559 0.000 0.000

14E 0.03214 0.03239 0.03239 0.03239 0.02746 0.03239 0.03239 0.03239 0.03239 0.03239 0.03239 0.03239 0.03239 0.03239 0.03239 0.03239 0.000 0.03239 0.03239 0.000 0.000

15E 0.00390 0.000 0.000 0.000 0.07608 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.50000 0.000 0.000 0.50000 0.000

16E 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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Appendix E: Result of face and content validity

contracts

Result of Content Validity Result of
No. Sub-Factors face
CVR | CVI-4 | CVI-3 | CVI-2 | CVI-1 | yalidity
Sudden rise in prices and lack of accurate
1 | forecasting of inflation and adjustment in the S \/ S x S S
contract
2 Internatl_onal sanctions and their impact on project N N N < y N
preparations
3 Delay in handling and payment of contractors N N N N N <
statements
Delay in determining the assignment of project
4 issues in different commlttegs (commission of N « N J J J
transactions, contract affairs, management
control, planning and contractual support, etc.)
Change in the representatives of the employer and
5 | the supervision unit during the implementation x v \ \ x x
without coordination
Incompatibility of the expertise of the project
6 manager with the nature of the project X v v v v X
7 EIimir_1ate open contracts to complete unforeseen y 9 N 9 y <
cases in the plan
8 Selgctlon of weak contractors to implement N N N N y N
projects
9 !_ack of sufﬁment_ authority for project lead in N N N J J J
implementation unit
Complex regulation bureaucracy (supply of
10 | mechanism, entry and exit of materials, supply of x S S S S S
manpower)
11 Eallure to notify the contract at the appropriate « N N J J <
time of work
Lack of completion and timely notification of
12 project documentation by the supervisory unit v v v v v *
13 Lack of timely issuance of work permit (inside N N N N N N
workshop) by operators
14 Lack of centra}l role for_p_rOJect lead in exet_:utlon N N N N N N
stages (scattering of decision-makers in projects)
15 Lack_ 01_‘ executl\{e project team_wnh different N N N N N <
specialties and suitable for the project
16 Lack_ of_ specialized organlzatlc_)nal structure N N N N N N
specially in contractors and supervisors
17 Lack of _sufflc_lent Workfl_ow to implement < N N N N <
processes in the implementation deputy
Lack of engineering coordination between
18 | factory, operators, and executors of the initial v N v v v v
plans (especially in EPC projects)
19 Lack of integration in the views of project N N N N N <
stakeholders
20 br?ictk of human resources in the implementation < N N N N <
21 Failurg to delegate _sufficient authority to the < o o N y N
operating representative
22 Insufficient speugllzed training in the field of « N N N N N
workflow and project management
Numerous decision-making points in the project
23 (outside of implementation deputy) v v v v v v
Lack of necessary permits from units involved in
24 | the project for land preparation, conflict V \/ \ \ \ \
resolution, workshop outfitting, etc.
25 I_Drolonged process change plan during the N N N N N <
implementation phase
2% Lack 01_‘ necessary coordination for the product of N N N y N N
the project in the plans
27 | Lack of correct prediction of contract schedule Y v S S \/ \/
28 Lack of correct prqdlctlon of require time for land N N N N N N
and workshop equipment preparation
29 Lack of budget predictions for new activities in N N N N N N
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Result of Content Validity

Result of

No. Sub-Factors face
CVR | CVI-4 | CVI-3 | CVI-2 | CVI-1 | yajidity

Failure to anticipate the requirements of the
requirements (electricity, water, etc.) to equip the

30 site at the time of design and obtain approval of v X v v X v
operators

31 Absgnce of an executive representative in the < N N N N N
bidding process and review of documents
Lack of transparency in general and specific

3 contract conditions of MSC v v v v v v
Not filling project documents before tender

33 | (including maps, operator confirmations, S \/ S S S S
providers’ list, etc.)
Incompatibility between project implementation

34 method and contract type (BOT, PC, EPC, etc.) v v v v v v
Inconsistency of technical specifications of

35 | contract with steel industry requirements and S \/ S S S x
standards

36 Inconsistence of plans with estimates attached to N N N N N N
the contract
The complexity of the administrative cycle in

37 | sending  correspondence  between  real x S S S x S
stakeholders
Weaknesses in executive management of the

38 contractors v v v v v v

39 Inaccurate implementation of project quality y N N N N N
control workflow

40 Failure to .hold weekly workshop meetings to N N N N N o
control project progress

41 | Lack of timely approval of initial schedule Y \ S x S S
Failure to appoint members of the delivery team

42 at the beginning of the project v v v v v *
Failure to complete and notify project documents

43 | in a timely manner, including the minutes of \ \ \ \ x x
approval operations and etc.

44 Fall_ure to provide accurate weekly reports by the N N N N y o
project manager

45 Lack_ of suffl(_:lent insistence _of supervising units N N N N N N
for timely delivery of the project
Non-compliance of organizational hierarchy in

46 | communication with the employer by the x S S S S S
contractor
Insufficient study and review of the contract

47 | notified before the start of the implementation due \ \ \ \ x \/
to project risks
The incompatibility of individuals in the

48 | supervisory unit chart with the actual amount x S S S S S

required
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