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Summary

The aim of this “Master’s dissertation” is to assess the impact of risk factors in a
highway project. A short reference to the definition of project, project types, as well as
to the history of public projects in Greece, will be done. The principles, the
international standards, and the organizations of project management will be
mentioned as the risk assessment is part of project management (PM). The Greek

approach to PM through the years will be discussed.

An extended literature research, the experts’ opinions, and writers experience used to
classify and identify the risk factors that affect a highway project. The classification was
done relevant to the stages of the project (design, construction, operational stage), and
based on crucial factors that affect the viability of it (time, cost, environment, quality,

and safety).

The assessment based on a questionnaire survey. A five-point Likert scale used for the
answers. The questionnaire consisted of two parts. The first one refers to the
demographic facts of the respondents (education, working experience, etc.), while the
second part included the proposed risk factors based on the probabilities, they will
occur during the life cycle of the project. A First Approach (FA) through graphs and
tables was performed. The second step was the evaluation and analysis of the survey
with the use of Relative Importance Index (RII). The last step of the analysis was the
investigation about the perception of risks regarding the working experience, with the

use of Analysis of Variance.

Finally, conclusions were stated according to the RII analysis and the performed
ANOVA tests, regarding the risk factors that may occur during the life-time circle of a
highway project, and a comparison between the FA analysis and the results of the RII

analysis is performed.



MepiAnym

LKOTOG TNG TapoVoas SIMAWUATIKNG epyaoiag eival 1 aloAdyNnon TwV EMMTWOEWV
TV THPAYOVTWVY KIvOUVOU KATA TNV KATHKOKELN €VOG auToKvnTodpopov. Tvetal
aQVOPOPA GTOV OPLOHO KOl TOUG TUTIOUG TWV EPYWV KABWE KAl (Lot CUVTOUT LOTOPLKY
avadpourn oty wotopla Twv dnupociowv pywv otnv EAAGSa. Kabwg n afloAdynon kot
Staxeiplon kwdOvwv amotedel TUHA TNG OAOKANPWHEVNG SlaYElPLONG EVOG €pYOv,
yivetar ava@opa ot apxég, Ta SleBvy mMPOTUTA KoL TOUG OPYAVIOHOUG TOU
acyoAovvtal pe TNV Staxeiplon épywv (project management). EmmAéov ocvlnteital 1

EAMANVIKN TIpooEYyLom oTr Slaxelplon £pyou SLaypoviKa.

0 mpoTEWVOUEVOS KABOPLOUAG KAL ) KATNYOPLOTIONOT TWV TAPAyOVTWwY KIVEUVOU TTov
EMNPEAlOVV TNV KATAOKELY €VOG QuTOKLVITOOpOpov Paciotnke otn  Sedvn
BBAoypa@ia, o€ CLINTNOELS PE EUTIELPA OTEAEXT) TOU KATAOKEVAGTIKOU TOUEQ KAL TNV
eumelpla Tov Ypdovtog oe avaioya épya. H katnyoplomoinomn €ywe avaioya pe TO
OTAS10 KATAOKEVNG TOU £pyou (oxeSlaopds, Kataokeun, Aettovpyia), kabwg kat fdoel
KplowV Tapayovtwy ol omolot kabopifouv v Buwopdnta tov €pyov (Xxpovog,

KOO TOG, TOLOTNTA, TIEPLBAAAOV, AOPAAELN).

H épevva Baciommke oe gpwmuatoroyla. M T amavtioeslg emAéxOnke n
mevtafdOuia kAlpaka Likert. To epwtnuatoAdylo amoteAsito amd SVo pépn. Xto
TPWTO VT PXAV YEVIKEG EPWTNOELS TIPOG TOUG CUUUETEXOVTES TIOV APOPOVOAV OXETIKA
e v épeuva otolxela (LOpPwWoOM, epyactakn eumelpla, K.AT.). Zto Se0TEPO PEPOG
(nteito n a&loAdynon Twv Tapayoviwyv Kivdvvou pe Baon v TlavoTNTa ELPAVLIOTG
toug. H mpwtn mpooéyylon (FA) Twv 6eSopévmv €yLve HEGH TILVAKWY KAL YPAPTUATWY,
EVW TN TEPETUPW avaAvon Toug £ywve pe Bdaomn To SelkTn OXETIKNG onuaciog-
omovdatotntag (RII). Zto tedevtaio otddio Ba SiepeuvnBel n avtiAnyn Twv KvdLVwWY

OXETIKA UE TU XPOVIX EPYACLAKNG EUTIELPLOAG.

TEéAoG ava@epovTal Ta CUUTIEPACHATA THG avaAvong pe Baon tov Seiktn RII kat g
avdAvong Stakvpavong (ANOVA) oxetikd pe toug KwdUvoug o€ eva peydAo €pyo
odomotiag. XuykpiOnkav Ta elaydpsva ™G TpwTng Tmpooeyylons (FA) twv
QTMOTEAEOUATWVY Kol TNG avdAvong pe Baon to Seiktn omovdadtntag (RID), evw
EMIYEPNONKE KL 1] CUYKPLOT TWV ATMOTEAECUATWVY METAEV TG avaAvong RII kat twv

Teot ANOVA.
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Chapter 1

Introduction

This “Master’s dissertation” theme is the assessment of the impact of risk factors in
public works. The subject is very widely spread and includes a lot of project types. So,
this dissertation will be focused on assessing the risk factors in the construction of a

highway project in Greece.

Risks are involved in every aspect of human activities, and of course, are involved in
every construction stage of a highway project. The meaning of risk may be assumed as
something positive or negative, even though the common meaning of risk is involved
with the negative consequences of human activity. Risk is defined as the possibility of
loss, injury, or destruction, and also, as the probability of occurrence of a defined hazard

and its consequences.

In every project exists the probability of various risks to occur. The management of

these risks - risk management-, is part of the whole project management procedure.

In this “Master’s dissertation,” the definition of project will be defined, the project types
will be described, and the history of public projects in Greece will be briefly associated.
There will be references to the project management (PM) procedures, the international
standards of PM, and the Greek approach to the project management procedures

through the years.

Focusing on public highway projects in Greece, there will be an identification of risk
factors that may affect this type of projects. The tools that will help this procedure are
literature review, experts’ opinions, and personal experience from working all these
years in the highway construction sector (designer, site engineer, deputy project

manager).



The next step will be the development of a questionnaire that will be used as the

primary tool of risk factors assessment.

The evaluation of risk factors will be done based on international practice, using the
tools of descriptive statistics and the relative importance index analysis. At the same
time, a comparison between evaluating the results as they occur from the “first
approach” of questionnaire responses with the help of descriptive statistics, and the

relative importance index analysis.

The flow diagram of this “Master’s dissertation” could be as follows:

Introduction

The Concept of
Project

Project Management
in Greece

Identification and
Classification of Risks

Questionnaire Survey

Demographic Analysis
(Descriptive Statistics)

Data Analysis

Relative Importance
Index Analysis

Conclusions

Figure 1. Master’s Dissertation Workflow (Authors Design)



Chapter 2

The Concept of Project

In this second chapter of the “Master’s dissertation,” an extensive review will be done to
the definition of the “project,” the project types, and a brief report of the history of public

projects in Greece.

2.1. Definition of project

The word project comes from the Latin word projectum and the Latin verb proicere. The
‘pro’ part of the word probably adopted by Romans from the Greek word ‘mp6,” which
means before something and ‘iacere,” which means to do. The term "project" thus

originally meant "before an action." (Wikipedia)

Although the modern use of the term ‘project’ according to the Project Management
Body of Knowledge (PMBOK) 6t edition (2017), refers to a ‘temporary endeavor with a

beginning and an end and it must be used to create a unique product, service or result.’

V. Papathanasiou (2005) approaches the term ‘project’ as a multitude of processes
performed by various well trained and specialized workforce in order to achieve the

technical, visible, or not, but in any way existing result.

Wysocki, Beck, and Crane (2000) define project as a sequence of activities that are
directly related to each other, are unique and complex “in nature.” These activities have
a specific purpose and must be accomplished at a specified time frame with a given

budget and fulfilling specific requirements.


https://en.wikipedia.org/wiki/Latin

Another aspect of project definition was given by Ipsilantis and Syracoulis (2005).
According to them, a project can be considered as a sequence of interdependent

activities with specific characteristics, such as:

o Specified time frame of execution

o Well defined and sufficiently described targets

o Production of a specific result

o Routine activities which are unrepeatable

o Consuming money, time, human capital, and irreplaceable material resources.

2.2. Project Types

There are many proposals for classifying the projects according to their type. An obvious
and easy separation is related to the owner of the project if it is a public or a private one.
Differentiation can also be done by the subject of the project, as follows:

. Construction projects. The project produces an artifact. This artifact may be a
complex system using human and mechanical components. Examples of such projects
are the construction of a highway, of an industrial building, of a dam, a ship, an IT
system, a call center, etc.

o Research projects that produce knowledge. This knowledge may be represented
as models, patterns, or patents, or may be embedded in a working process or artifact.
Some research projects examples are developing a model for the Greek economy,
developing a new treatment for a disease, developing new approaches to project
management, etc.

. Reengineering projects that produce targeted change to various systems or
processes. Taking UK Sterling to Euro, implementing corporate governance in a
traditional company, designing, and installing a new production line, are some particular
cases of reengineering.

o Procurement projects that produce a business relationship contractually based
on selected suppliers for defined products or services based on fixed specifications
and/or defined specification processes. Examples of such projects are outsourcing a
specific construction or research project, or a complete business function (such as IT), or

even imposing new rules and measures on regulated industry.



o Business Implementation projects that produce an operationally effective
process. Installing e-commerce in a firm or developing a new business process to
rearrange and exploit existing assets.

Although this classification includes almost all projects, there are some of high symbolic
significance for a nation or humanity that cannot be classified as mentioned above. Such
projects are sending a man on the moon, or the construction and maintenance of the
International Space Station (ISS), the celebration of two hundred 200 years of Greek

Independence, creating an artificial part of human body, or mass inoculation programs.

Finally, in all projects, there are three straightforward questions.

. Where does the project start?
o When must the project end?
o When can the results be evaluated?

The answers to these three questions, as shown in the following table, strengthen the
above-implemented classification of the project types and impose that each project type

needs a different process and management style.

Start Stop Evaluation
With a certain goal or | When the artifact is done. At the end of the
set of requirements. construction period.
Construction
With a predefined |When the requirements are|Over the lifetime of the
solution. satisfied. artifact.
With a hypothesis. When the time or budget runs { When the knowledge is
out. confirmed or disconfirmed
by other researches.
Research
With a problem. When we detect diminishing | When knowledge is used by
returns. other researchers.
With a problem. When the process is a step |Atany time.
ahead of the problem.
Reengineerin
g g With an opportunity. |When another process higher
in the flow chart changes the
requirements.
With a set of With the issuance of the final |Over the duration of the
requirements. version of the contract contract.
Procurement
With a defined With the signing of the |Atthe end of the contract.
solution. contracts with the supplier.
Business With an opportunity. |When  the process is | After a certain period that
. operational. the operation is running
Implementation
normally.




With a business idea. |When the business benefits [ When the benefits become
are starting to become visible. |visible.

Anytime during the process.

Table 1. The answers to the questions where a project starts, when it ends and when it can be

evaluated.

2.3. Public Projects in Greece

The creation of the modern Greek State in 1828, after the revolution against the
Ottoman empire in 1821, found the newly born country almost ruined. One of the first
things the governor I. Kapodistrias and later King Othon were to repair the existing
infrastructures and construct new one. Until the end of the 19t century, the public
projects that were built in Greece were mainly infrastructure projects and, more
specifically, bridges, roads between the main cities of the country, harbors, aqueducts,
public buildings (schools, university, courthouses, etc.). The purpose of these projects is
to help people improve their standard of life. Alongside the construction of these
infrastructure projects, there were attempts to organize the state according to the
European standards. Although these attempts were ineffective, they were kept going
until nowadays with dubious results. In the late 19t and the early 20t century, public
projects in Greece were still focused on infrastructures. At this period developed the
railway network, which remained the same until the late 20t century, constructed the
Korinthos canal, Kopaida lake drainage, and other similar projects. Alongside these
infrastructures, other projects aimed at the improvement of the public services

(education, tax, and legislative reforms).

Until the outburst of the Second World War, Greece, although it was mainly a poor
country and its economy, was mostly dependent on the primary sector (agriculture), had
made some vast improvement in the infrastructure section. However, it was still
struggling to keep up with modern European countries. The end of WWII and the end of
the civil war in 1949 found the Greek State destroyed in every sector. Alongside with the
help of the Marshall Plan of the USA, a tremendous plan of public projects was
implemented. The “main course” was again the infrastructure section, as 95% of the pre-

war infrastructure was destroyed.




The main objective of the post-civil war governments was to “rebuild” the country and
help the Greeks to improve their standard of life. A mass plan of public projects focused
on infrastructure was implemented. The decades of 1950 and 1960 Greek economy
achieved rates of economic growth better than the big European countries. The main

sectors of public projects that were constructed that period were:

o Construction of Highways and provincial road network,

. Construction of school buildings all over the country,

. Water and sanitation projects focused in the biggest cities,

o Electricity reached even in the smallest village of the country

. Urban projects (construction of boulevards, roundabouts, landscaping projects in

Athens and Thessaloniki),

o Projects related to tourism (Xenia Hotels, restoration, and renovation of
archaeological sites, new museums)

o Construction of new ports almost in every island,

. Construction of airports in major Greek cities and islands

The construction of infrastructure continued during the '70s on a reduced scale. The
next decade (80’s) as Greece has entered the European Economic Community (the later
European Union) the European funding that the Greek State received, funded

infrastructure projects in the neglected provinces of Greece.

Until mid 90’s the process of the infrastructure public projects in Greece, in brief, was as
follows:

o Some State authority (Ministry, prefecture, municipality) decided about the
projects that will be constructed. Almost all times without a feasibility study and with no
central planning.

o The technical department of the authority conducted a preliminary design,
estimate the cost of the design stage of the project, wrote down the specifications and
requirements of the design study, and conducted a public tender for the designer of the
project.

. The designer submitted the final design study of the project, alongside with the
budget and time schedule estimation, and the technical requirements of the project.

o The owner of the project (the state authority responsible for the project)

conducted a public tender, so the contractor of the project was to be decided. The
7



candidates were making an economic offer (with no limits in discount) on the budget,
and in accordance with the compliance to the technical requirements, the result was
finalized, and the project has a contractor. Possible objections upon the result are not

taking under consideration.

With little differentiation, this was the way that public projects and, more specifically,
infrastructure projects were assigned in Greece until mid-"90s. During all these years,
the only common thing in the infrastructure construction in Greece was that the Greek

State was the sole financier.

At this certain period, the project of “Attiki Odos” was assigned to the Construction Joint
Venture of “Attiki Odos.” This highway project constitutes the ring road of the greater
metropolitan area of Athens and the backbone of the road network of the whole Attica
prefecture. It was designed to be and still is a modern urban toll motorway. It was the
first project in Greece that was constructed as a Public-Private Partnership (PPP) on a

concession basis.

A public-private partnership (PPP) concessions a contractual and project financing
mechanism that helps public authorities lessen the impact of their limited financial
resources (Jeerangsuwan 2014). In return, for its contribution to the financing of the
project, the concessionaire receives the right to operate and, of course, maintain it for a
specified period. This creates strong potential and new opportunities for the
construction of more infrastructure facilities than those that could be afforded through

public funds only.

“Attiki Odos” was a pioneer project that essentially paved the way and laid the
foundations for the execution of future successful concession contracts in Greece. In
nowadays, the Public-Private Partnership is the “rule” to the construction of

infrastructure facilities not only in Greece but all over the world.



Chapter 3

Project Management, the Greek

case

In this chapter will be attempted to be defined the meaning of Project Management and
its characteristics. Following by a short review of the relevant international standards
and the most well-known organizations of project management. In the last paragraph,
there will be an attempt to describe the Greek aspect of project management in the

construction sector over the years.

3.1. Project Management Definition & Characteristics

As described in detail project is a unique, transient endeavor undertaken to achieve
planned objectives, which could be defined in terms of outputs, outcomes, or benefits.
The best way to carry out successfully a project and especially a construction one is

through the “right” project management.

The association of project management (APM) in the United Kingdom defines project
management as the application of processes, methods, skills, knowledge, and experience
to achieve specific project objectives according to the project acceptance criteria within
agreed parameters. In contradiction with simple management, which is an ongoing
process, project management has final deliverables within a finite timescale and a

specific budget.

But how project management is being implemented? According to the PMI’s (Project

Management Institute) A Guide to the Project Management Body of Knowledge



(PMBOK® Guide), can be identified in every project management five typical stages

(common process groups):

. Initiating phase, where at the beginning, is clearly defined the object, the
requirements, and the plan of the project.

o Planning stage, where the detailed plan of the project is set. It includes the
deliverables, the risk analysis, possible deviations from the initial planning, part of the

procurements, and the time-schedule.

. Executing stage, where the project is being constructed, and its progress is being
tracked
o Monitoring and Controlling stage, where reviews relevant the construction with

references to probable deviations from the target is conducted (goals, budget, time
schedule).
. Closing stage, where the project is completed and accepted from the project

owner with the final reports and analysis.

Initiation Planning Execution Control Closure
& Project Charter & Project Scope & Forecasts Activity Tracking # Project Analysis
Statement
@ Work Breakdown @ Project Status 4 Goal Tracking @ Project Report
Structure
@ Gantt Chart @ Progress Tracking Budget Tracking

Figure 2. The five stages of Project Management according to PMBOK
(Source: Cohen, 2014)

Because of the complexity of the recent projects, a professional needs a wide range of
skills, often technical skills, and certainly people management skills and good business

awareness. These skills are shown in the following figure:

10



Project

Integration
Project Management .
Stakeholder LIDJCCI Scope
Management anagement
Project _
Project Time
Procurement

Management l d Management
Project Risk Project Cost
Management Management

Project E :
Communications Project Quality
Management ) Management
Project Human
Resources
Management

Figure 3. PMBOK 10 areas of knowledge
(Source: Wiley & Sons, 2015)

The knowledge areas can be implemented during anyone of the above five stages of
project management. We can think of the five stages as the horizontal axis of a chart,
while the knowledge areas are the vertical axis. The knowledge areas are at the core of

an effective project management. These critical areas briefly analyzed as follows:

o Project integration management (the way of making various processes work
together). At this area developed the project charter, designed the project management
plan, the “roadmap” of the project. The safe way for a successful end. Once created, this
“roadmap” is approved by stakeholders, and then it's monitored as the project
progresses.

o Project Scope management. This area includes all the procedures guarantee that
all the necessary and vital for the project works, and only them will be involved for the
successful completion of it. These are planning the scope management, collecting
requirements, defining the scope, and creating WBS (work breakdown structure),
validating and controlling the scope.

. Project time management. It includes processes such as planning the schedule,
defining the activities and their sequence, estimating resources, and their duration,

11



developing and controlling the schedule. The main challenge of project time
management is to complete the project on time.

o Project cost management is responsible for the cost management planning, cost
estimation, and cost control, as well as for the determination of the budget. Its mission is
to complete the project under the planned budget.

. Project quality management includes the planning of the quality management
process, the quality assurance process, and the quality process belongs. Quality
management processes ensure to meet the projects’ quality objectives.

o Project human resources management. This knowledge area has four processes.
Planning the resource management process, acquiring the project team, developing and
managing this team. All project activities intended to be performed by project team
members. Resource management processes mainly aim to people management of
project resources, so the project will finish on time, according to the budget limitations,
and with the requested quality.

. Project communications management consists of planning communications,
managing, and control them. Communication is a vital piece of the project's machine,
and it takes place internally and externally. The proper dissemination of information is a
significant boost towards the completion of the project.

o Project Risk Management consists of the risk management plan, the identification
of risks, analysis of qualitative and quantitative risk factors, and finally, from risk
response. These processes mainly aim to reduce the risk impact on the project.

. Project procurement management. It includes the process of planning the
procurement management, conducting, executing, controlling, and closing the
procurements. Procurement management is crucial for the proper implementation of
the project as it “obtain” the necessary resources and services.

o Project stakeholder management consists of identifying stakeholders, planning
stakeholder management, managing, and controlling stakeholder management.
Stakeholder management processes help to manage the expectations of project

stakeholders during the project.

The five stages of project management and the project management areas of knowledge
are strongly interconnected to each other, as one or more processes of the knowledge
area are subsets to one or more processes belonging to the five project management
stages. This chain between them is shown to the following table:

12



Five Stages of Project Management
Knowledge Areas | Initiating Monitoring &
Planning Stage Executing Stage Closing Stage
Stage Controlling Stage
Integration Project Project management Direct -manage Monitor &control
Close project
Management Charter plan project work project work
Plan scope
Scope management, collect Validate scope
Management requirements, define Control scope
scope, Create WBS
Plan schedule
management Define
activities Sequence
Time
activities estimate Control schedule
Management
activity resources,
activity duration
develop schedule
Plan cost management
Cost Management Estimate costs Control costs
Determine Budget
Quality Plan quality Perform quality
Quality control
Management management assurance
Acquire - develop -
Human Resources Plan human resources
manage project
Management management
team
Communications Plan communications Manage Control
Management management communications communications
Plan risk management
) Identify risks analyze )
Risk Management Control risks
risks plan risk
responses
Procurement Plan procurement Conduct Control Close
Management management procurements procurements procurements
Manage Control
Stakeholder Identify Plan stakeholder
stakeholder stakeholder
Management stakeholders management
management management

Table 2. The interconnection between the five stages of PM and the ten areas of knowledge

(Source: PMBOK Guide 6t edition)

As a conclusion, we can, without doubts, say that when the project managers are well
aware of all the stages of project management as well as with the project management

knowledge areas, they can conduct a project more efficiently.

13



3.2. International Standards and organizations of Project

Management

It would not be far from the truth to say that project management follows humanity
from its appearance on earth. From the early years when humans tried to hunt as a
team, there was a rudimentary and unconscious approach to project management. The
way the primitive people assigned the duties so they could increase the hunting results

and eat more food, refers to the deep core of project management principles.

Although project management has almost the same age as human beings, it was only the
mid-sixties that the scientific community considered project management as a distinct
scientific entity. As a result of this, international organizations, whose only subject was
the study and promotion of project management, were set up. Some of the most
prestigious organizations are:

o The International Project Management Association (IPMA). It is the world'’s first
project management association, founded in 1965. IPMA is a federation consisting of
about 70 member associations. The organization encourages its members to interact
and develop relationships with other professionals, corporations, public authorities, and
universities. Training and consultation are also part of their duties. Mission of the IPMA
is the development of project management competences all around the world.

o Last year the Project Management Institute (PMI) completed half a century
serving the society of project managers and nowadays counts over half a million
members worldwide. With presence in almost all parts of the world, PMI aims to
advance careers, improve organizational success, and improve the project management
profession. The tools they use are global standards, certifications, communities,
resources, academic research, publications, professional development courses, and
networking opportunities. The organization aims to prepare the individual project
manager for the project economy.

. Another respectable project management organization is The Association for
Project Management (APM). Although it is not a global one, but a national one, active in
the United Kingdom. Its mission is: “Inspiring communities to deliver meaningful change
for societal benefit by advancing the art, science, theory, and practice of project
management.” This scope can be served and supported through five key objectives,

known as five dimensions of professionalism:
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Breadth, Breadth of knowledge,
Depth of competence,
The Demonstration of achievement through professional qualifications,

Commitment through continuing professional development,

O O O O O

Accountability through adherence to a code of professional conduct.

Regardless of the international organizations whose aim is to promote the science of
project management, it is necessary to exist a “common language,” a global tool that will
help the communication between the project managers and help the successful
completion of the projects. This tool can be found at international standards. But what
are the international standards? Standards are published documents that establish
specifications and procedures designed to ensure the reliability of the materials,
products, methods, and/or services people use every day. Standards address a range of
issues, including but not limited to various protocols that help ensure product
functionality and compatibility, facilitate interoperability and support consumer safety

and public health.

The major and most used international standards for project management are:
o The Project Management Body of Knowledge (PMBOK), written by the PM],
reflects the many years of experience of the institute. The PMBOK is not just a simple
text for the project managers, but as its title says is the body of knowledge of project
management, developed and consolidated over the years. It includes the “best practices”
and the experience of pms’ all over the world. The first edition was back in 1983, and the
latest is the 6th edition issued in September 2017. The contents of PMBOK were briefly
analyzed in a previous paragraph and referring to the ten areas of knowledge. While the
PMBOK Guide offers a general guide to manage the vast majority of projects, there are
currently three official extensions:

0 Construction extension

0 Software extension

0 Government extension
o The International Project Management Association (IPMA) has defined a
worldwide standard for competences in the areas of Project-, Program- and Portfolio

Management. Counter to the PMI PMBOK, the IPMA does not have a main standard
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following by some extensions, but it has issued the following standards depending on
the sector:

The IPMA Individual Competence Baseline (ICB4)

The IPMA Project Excellence Baseline (PEB)

O O O

The IPMA Organizational Competence Baseline (OCB)

0 The IPMA Competence Baseline for Coaches, Consultants and Trainers in the field
of projects, programs, and portfolios (ICBCCT4)
. The PRINCE2 (projects in a controlled environment) standard was created in
1989 by the Central Computer and Telecommunication Agency as the British standard
for IT project management. Very quickly, it was adopted by various projects, so in 1996,
was issued a new version of the standard for general use. Since then, it is mainly used as
a project management standard by the British Government, and it is well reputable in
the private sector.
o V-Modell is a model for planning and realizing projects. It improves project
transparency, management, and increases the probability of project success by
specifying stable approaches and responsible roles. The first edition of this standard was
V-Modell 97, and the latest issuance is V-Modell XT. It defines the project results to be
achieved and describes the processes for developing these results. It also specifies the
responsibilities of each participant and answers in detail to the critical question of the

standard "who" has to do "what" and "when" in the project.

Introduction and Maintenance
Project Type System Development Project of a Supplier of an Organization-Specific
Process Model
System Life Cyele Seetion s Enhancement and
[Project Characteristic] Al Development Maintenance Migrstion [not relevant]
Incremental
System Development
Project Enhancement and Intreduction and Maintenance
Execution COmganent-Baset system Migration of Legacy of an Organization-Specific
= System Development Maintenance
Strategies Systemns Process Model
Agile
System Development

Figure 4. Allocation of Project Execution Strategies to Project Types according to V-Modell
(Source: V-Modell XT, Part 1: Fundamentals of the V-Modell)
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o Organizational Project Management Maturity Model (OPM3), was developed from PMI to
support an initial implementation and subsequent improvements of organizational project
management (OPM). OPM is the alignment between the organization’s projects and its strategic
goals. This standard defines a specific methodology for OPMs implementation and improvement.
It comprises a five-step iterative cycle that emphasizes assessment and continuous
improvement. In the broadest sense, OPM3® is a maturity model, quite different from
other maturity models (Capabilities Maturity Model, etc.) in the way it defines a
continuum of maturity to discrete levels.

o The SIMPLE (Strategy Implementation Maturing Protocol for Learning Enterprises) is
the standard that made OPM3 look outdated and led PMI not to issue an update. SIMPLE is a
procedure for assessing and developing the maturity of strategy implementation in
organizations that focus on projects. It makes the implementing strategy so simple by enabling
the respective organization members to develop capabilities and implement practices that
naturally complement each other. This causes the whole to become greater than the sum of its
parts without the need for constant coordination by those at the top. SIMPLE’s advantage
relative to OPM3 is that it enables users to infer their OPM3 maturity level and achieve the
highest level of maturity in a fraction of the time typically required by OPM3.

) ISO 21500:2012, Guidance on Project Management, is an international standard
developed by the International Organization for Standardization (ISO), released in 2012. It was
designed to provide generic guidance, explain the principles, and implement the value of “good
practice” in project management. ISO also developed this standard to align with other, related
standards such as ISO 10005:2005 Quality management systems — Guidelines for quality plans,
ISO 10006:2003 Quality management systems — Guidelines for quality management in projects,
ISO 10007:2003 Quality management systems — Guidelines for configuration management, ISO
31000:2018 Risk management - Principles and guidelines.

o British Standard BS 6079-1:2010 Project Management. Principles and guidelines for the
management of projects. This standard aims to help people and organizations to continually
improve their organization’s capability in project management, as well as to contribute to the
learning within projects. The principles provided in this standard are as relevant either to small
organizations and for small projects or to major organizations with multimillion euros projects.

[t provides support and guidance for:

Managers in organizations that operate projects
Project sponsors
Project managers

Team managers and members

©O O O O o

Project support staff
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0 Technicians

0 Educators and trainers

BS 6079-1 aims to help and guide the above workforce on sectors like sponsorship,
management, planning, undertaking of projects, application of project management techniques.

o P2M - a Japanese guidebook of Project and Program Management for Enterprise
Innovation. It has been developed by the Engineering Advancement Association’s (ENAA)
Committee for Innovative Project Management Development Committee. This standard aims to
create a guide that allows the integration of project business strategy elements and utilization of
valuable knowledge created through projects and programs.

The keyword throughout P2M is value creation to enterprises, either commercial or public.

3.3. The Greek aspect of Project Management through the

years in the construction sector

According to (Kwak, 2003), project management has been used for thousands of years
since the Greek and Egyptian times. This aspect seems to be logical regarding the
colossal projects of ancient times (Parthenon, pyramids, fortresses, Eupaline trench,
aqueducts, and water supply projects). This kind of projects could not be completed
without some facts of management. Their complexity, which is still admired, the lack of
mechanical resources, and specialized staff, etc. born the need to the chief architect to

imply methods of project management during the construction period.

Not until the beginning of the second decade of the 20t century, project management
was applied, especially in the construction sector, based on the experience of the chief
engineer. But it was around 1910 that Henry Gantt invented the Gantt chart ( a chart in
which a series of horizontal lines shows the amount of work done or production
completed in certain periods of time in relation to the amount planned for those
periods). This chart was the cornerstone of project management, as it helped all the
previous centuries experience, based on empirical facts, to turn to a science, which the

later years proved to be critical in every kind of project.

The Greek construction sector in the previous years (until the beginning of the 21st

century) was “divided” into two main groups. The first one consisted of the big
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construction firms of the country and the second from the medium to small firms, which

were mainly locally established.

It was the construction sector's contribution that “boosted” the Greek economy to grow
at a tremendous rate during the 1960s and 1970s. Thanks to the vision and dedication of
some engineers, the Greek construction firms expanded their activity worldwide.
Companies like EDOK-ETER, SKAPANEAS, ARCHIRODON, constructed big infrastructure
projects in the Middle East, Africa, and Asia. In a very competitive environment, the
management adopted project management procedures. These firms have well
established the following necessary departments, which were in accordance with the
five stages of project management (initiation, planning, execution, control, closure):

¢ Financial Department.

e Human Resources Department.

e Procurement Department.

e Project Department.

e Engineering Department.

e Marketing Department.

e Designing department

e Logistics department (in its purest form)

e Mechanical equipment department

e Law department

e Auctions department
These departments were established at the headquarters, but branches are in every
construction site the company had, or there were region headquarters regarding the
quantity and the complexity of the projects in a region. These project management
procedures and their successful implementation were based on an amazing workflow
chart and instant communication. Taking into consideration that communication
systems at this period were not including internet, mails, cell phones, etc., and many of
the sites were in places far away from “civilized” world, can be easily understood in
what extend and how successful were the management procedures these companies

have established.

On the other hand, the small local construction firms used to work in the old traditional

way, were very few people, mean to do all the work. The project management (pm) was
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not a known meaning to them, but to a certain extent, they were following some
empirical project management procedures, based mainly on their experience. Some of
these companies, the leaders in this sector, have established some of the departments as
mentioned above, like financial, engineering, and mechanical equipment departments,

and a sort of communication procedures.

In the last 20 years, although that most of the pioneers of the Greek construction sector
don’t exist anymore, many steps towards the adoption of project management
procedures have been done more professionally, either for the leading companies or for
the smaller, local firms. This direction helped the new generation engineers that are
more educated and aware of project management principles as a crucial tool for the
successful completion of a construction project in a qualitative, profitable way within

the time schedule.

Summarizing the Greek aspect of project management, some visionary engineers
foresaw the future and the need of project management in the construction sector. But
like many things in Greece, the majority was very slow in accepting and adopting the
necessity of this new science, and in many cases, it did in a unique, incomplete, and

amateur way.
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Chapter 4

Risk Factors in a Public Highway

Project

The context of the fourth chapter will include the definition of risk and how it occurs in
everyday life. There will be classified and then identified the risk factors that may
appear during the life cycle of a construction project. This procedure will be based on
relevant literature, on discussions with experienced executives of the construction
sector, and the writers’ knowledge from many years of involvement from various
positions (designer, site engineer, deputy project manager) in the construction of

highway projects.

4.1. Risk in everyday life

An exact definition for risk is hard to be found, and the way it is measured is
controversial as well. Literature research ended with the conclusion that the word "risk"
is used with many different meanings. The Oxford English Dictionary defines risk as
"chance or possibility of danger, loss, injury, etc.”. The UK’s Orange Book attempts an
approach of “measuring” risk. It states that risk “has to be assessed in respect of the
combination of the likelihood of something happening, and the impact which arises if it
does actually happen.” Risk also refers to the concept that an action or choice can result
in a losing situation. The loss could be emotional, monetary, or otherwise. When the

word "risk" is used, it means that the concept of choice is involved.

In almost every decision in someone’s life, risk is involved. From the simplest one, which
way to drive to work, to the harder one like what to study? In the first choice, there is
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always the risk of traffic on the roads, while in the second one may turn false and not
successful. Every minute of a human’s life is full of questions that demand answers,

including the corresponding risk.

4.2. ldentification of Risk Factors in public highway

projects

One of the various definitions of risk, as already discussed, is an event of uncertainty
that may cause a negative impact (mainly). This uncertainty is measured in terms of its
probability of occurrence. In the context of an infrastructure project, there are also
different definitions issued or used by various agencies and institutions. Most of the

definitions are focused on the probability or likelihood of the event.

Risks have significant effects on any one of the aspects of a project, namely cost, time, or
scope of the project. It is not a secret that large infrastructure projects have a reputation
for being risky and costly. This reputation is well-founded, Flyvbjerg et al. (2003)
estimate that 90% of infrastructure projects result in cost overruns, with costs, on
average, 28% higher than anticipated. Understanding risks in the early stages of a
project is the first critical step towards reducing its impacts and complete the project in
an improved and more efficient manner. But before understanding the risks in highway

construction, these risks must be identified and classified.

In this “Master’s dissertation,” the proposed classification will be based on two different
parameters. The first will be regarding the critical stages of the construction of the
project, and the second will be relative to crucial factors that will “allow” the project to
be successful.
The critical stages of construction include all the phases from the adoption of the project
until the end. Regarding the construction process, three main stages can be identified:
e The design stage, which includes the adoption of the idea of the new project, the
preliminary design, the initial time schedule, the budget estimation, executing
and approve the final plans and studies, obtaining all the necessary licences,

setting the specifications and proceed to the auction of the project.
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Figure 5. Risk Classification in a Highway Project (Authors design)

e The construction stage, which includes all the construction works in all levels
(earthmoving, structures, hydraulic and electromechanical works, etc.), possible
modifications of the design through the application studies, and all the necessary
tasks for the successful completion of the project.

e The operational stage of the project, which includes traffic and emergency

management, the maintenance works, and to secure the financial success of the

project.

The second classification attempt will be regarding the crucial factors that will convert

the project to a successful investment from all aspects. These critical factors are relative

to:

e Time, the on-time completion of a project is always requested,

e Cost, it is vital for every project to be completed with no significant budget
overrun,

e Quality, good construction quality will help a project through its lifetime circle,

e Environment, preserving and respecting the local environment is a necessity for
every project

e Safety, the construction works will be executed with the highest degree of respect

to the employees.

Most of these risk factors are related to each other. A change to one of them affects many

others and finally increase the total risk exposure of the project. This bondage between

the risk factors is shown in figure 5.

23



Following will be identified and analyzed the main risks originated from this, eight
categories, classification. Relevant literature, discussions with experienced executives of

the construction sector, and the writers’ personal experience will be used.

4.2.1. The design stage risk factors
The design stage risks of a project are relevant to:

e Environment, with issues that are not compromising with the requirements of
the environmental legislation, or not considering the protection of the
environment. In some cases, ministries, prefectures authorities for political
reasons, promote projects without taking into consideration before their
decision, the experts’ opinion. In some cases, the need of an Environmental

Impact Assessment is downgraded or deliberately mislead. So, risks originated
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Figure 6: Bondage Chain between Risk Factors (authors design)

from environmental issues, and acts of the authorities regarding the environment
are a severe threat for a construction project.

o Feasibility studies, especially in developing countries (Greece is not one of them,
but in many cases, the authorities act like it is), where the absence of a central
design is more than obvious, projects are announced and prepared to construct,
without the proper feasibility studies. Feasibility studies must be undertaken in

the very early stage of a highway project. They are necessary in large scale
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projects where there is doubt or controversy about the proposed development.
[ts purpose is to examine if the project is viable, identify feasible options, and
assist in the development of other project documentation such as the business
case, project execution plan, and strategic brief. Every failure or weakness in the
feasibility study implies tremendous risks regarding the future of the entire
project.

Reactions of local communities. Local communities and their aspect about the
project procedures may prove vital. They need to be in sync and in agreement
with the project. Otherwise, any opposition may cancel the whole project or
cause tremendous delays and budget increments. Prior to the execution of a
highway project, local communities must be thoroughly informed and persuaded

about the need of it or significant risks will be implemented.

4.2.2. The construction stage risk factors

The construction stage in a highway project is the core of every project as it includes all

the processes that will transform the initial idea to a successful and working project.

Regarding the construction stage, a lot and significant threats can be implemented

throughout this period.

Possible delays in the time schedule may imply serious risks and doubts about
the project completion. These delays are closely correlated with the total cost of
the project (Salunkhe A., and Visshwakarma A., 2016). Fixed expenses will be
increased while compensation for the work performed will be the same. Even
worse, the contractor, depending on the contract, may be forced to pay
compensation to the owner of the project for the delayed completion. This will
set in doubt the success of the investment.

Financing a project is a very complicated and risky procedure. Karim et al. (2012)
identified as significant financial risk factors in a construction project (which may
be applied and in a highway project), any cash flow difficulties, the lack of
financial resources, and delay of payment for claim. Ehsan et al. (2010) claimed
that in economic risk factors may be added the fluctuation in foreign exchange,
inflation, and changes in tax legislation.

Quality issues during the construction period may be crucial for the lifetime circle
of the project. Xenidis & Angelidis (2005), characterized these threats as
Technical risks, which is anything associated with the process of the project’s
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development and operation. So, this dissertation proposed classification is part of
Xenidis & Angelidis one. Therefore, the category of quality construction issues
comprises all the aspects that may endanger the project’s success (e.g., material
and equipment failure, deviations from designs and quality specifications, limited
expertise of labor and personnel, etc.). So any failure to meet the project’s quality
specifications, except the time and cost impact, will affect the operational stage,
to the extent that later maintenance needs will dramatically increase.

e Concessionaires relations are critical for the project. Any disagreements may
cause delays in the decision procedures relevant to essential issues (e.g.,
financing, constructing, and managing issues). This will lead to poor
communication and lack of commitment amongst the project team (Chileshe &

Yirenkyi-Fianko, 2011).

4.2.3. The operational stage risk factors

After the completion of the highway, the operational stage begins. In this stage, the
related risks are coming from maintenance issues and heavy traffic issues. The
maintenance issues are closely associated with the use of the highway and are divided
into light and heavy maintenance. The light maintenance works are small short-term
repairs, while the large-scale works are scheduled to be performed in specific periods
(e.g., replacement of the asphalt pavement). The maintenance works are inversely

proportional to the construction quality of the project.

The design of the highway and its characteristics (number and width of traffic lanes,
number of interchanges, etc.) are based on traffic model studies. In case these studies
fail, based on wrong assumptions, they consist significant threat for the investment.

Heavy traffic issues will appear and may lead potential customers to use alternatives.

4.2.4. Risk factors relevant to time

Time is a crucial factor in every construction project. The on-time completion and
delivery to the owner of the project is one of the primary targets. Time imposed risks
may be caused to:

e faulty design of the motorway, either preliminary or worse the final design,
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e need for modifications of the design, due to various studies failure, changes to
legislation, environmental issues, local communities’ oppositions, archaeological
findings, etc.,

e initial time schedule failure,

e bureaucracy, Greek state’s authorities are famous, will affect the licensing of the
project either the initial during the design stage or throughout the construction
phase,

e unpredictable issues (weather conditions, strikes, political-economical crises,
etc.)

These risk factors will directly affect the time schedule of the project, which is in direct

and proportional relation with the project cost.

4.2.5. Risk factors relevant to cost

Large infrastructure projects (highways including) are well known for being risky and
costly. This reputation is well-founded, Flyvbjerg et al. (2003) estimate that 90% of
infrastructure projects result in cost overruns, with costs, on average 28% higher than
anticipated. The implemented cost-related threats may originate from:

e Failure in the initial design and the consequent need of revising it,

e Misjudge on the budget estimation at the first stages of the project,

e Economic issues that affect the funding of the project. Increment in necessary
resources prices (fuel, steel, concrete, etc.), tax legislation, inflation fluctuations,
reduced toll fees income, need of bank loans due to delay on payments, etc.

All these “cost” implemented risks take into consideration the financial viability of the

project.

4.2.6. Risk factors relevant to quality
Besides the financial viability, a highway construction project must meet the specified
quality standards. These standards may be in doubt due to significant threats:
e Lack of human resources. The construction sites are understaffed, or the
personnel is not adequately experienced for the complexity of such a project,
e Hardware failure, the mechanical equipment does not meet the needs of the
work,

e Defective materials, due to unreliable suppliers,

27



Insufficient project funding, which forces the management to lower the quality

standards.

Quality should be non-negotiable at all costs and may save the investment from later

maintenance expenses.

4.2.7.

Risk factors relevant to Environmental Issues

Tchankova (2002), argues that the environment’s influence on the people and vice versa

are essential aspects of this source of environmental risk. These threats may originate

from:

Natural disasters, floods, earthquakes extended fires are significant issues that
potentially can endanger the viability of the project. Although a natural disaster is
not a frequent phenomenon, it is considered as high risk because it cannot be
foreseen,

Changes to environmental legislation, as the environment is more vulnerable to
human actions, authorities taking towards making the environmental laws
stricter. These changes are severe threats to the construction sector as they imply
more requirements that must be met by the project. This may lead to cost and
time overruns.

Local communities’ opposition, sometimes is hard to see the greater picture and
not some elements of it. Local communities may oppose to a specific project, as
they believe their interests are in danger. This conflict is a significant threat to
the project as may be the cause of delay in construction, cost overruns due to

possible compensatory benefits.

In any case, environmental protection in any aspect can impose severe threats in the

construction process.

4.2.8.

Risk factors relevant to Safety Issues

Last but not least, threats regarding safety and security issues are crucial and placed

under the composite “safety” risk factors.

Accidents and injuries at work are something that must be avoided in the
construction sites. All regulations must be followed, and all means of personal

protection will be available for the personnel. In Greece, for 2017, the percentage
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of accidents at work in the civil engineering sector was 2.65% (131/4954
accidents).

Safety management plan, all construction sites must implement a safety
management plan. All the employees must be well trained and educated
according to this plan.

Theft on site and vandalism put in danger mainly the equipment of the site.
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Chapter 5

Research Methodology and Data
Analysis

The fifth chapter will develop the research methodology and will implement the data

analysis of the questionnaires’ answers.

5.1.Research Methodology (Developing the Questionnaire)

In order to answer research questions, Naoum (2007) and Dawson (2002) identify two
types of research (qualitative and quantitative). Deciding which kind of research should
be followed, Naoum (2007) argues that it depends on the purpose of the study and the
required available information. The quantitative method considered “objective” in
nature as it analyses the collected data with statistical procedures, while the qualitative
method considered “subjective” in nature as it emphasizes in meanings, experiences,

description, etc. (Dawson 2005).

So, for the assessment of the risk factors in a public highway project, the questionnaire
method was selected. The questionnaire had been developed based on the factors
carried from a literature review, as well as after discussion with experts. The experts
consist of project managers, chief designers, and operation managers with many years of
experience. The questionnaires were then distributed to the participants to get the
agreement level for each criterion. In this research, the questionnaire method was used
to gather information. The completion of this questionnaire achieved in several steps,
including the adoption of the research objectives from the participants, determining the

sampling group, designing the survey, collecting, and interpreting the results.
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The proposed questionnaire was divided in two sections. The first section consists of
five questions and refers mainly to demographic factors, and the second part includes

the main criteria.

The first part, five questions, includes general demographic information about the
participants that consist the sample of the research.

o The e-mail address of the participant, to verify the existence of the participant,

. The educational level (graduate of High school, Technical school, Technical
College, University, or postgraduate, doctorate diploma holder)

o The years of experience in the construction sector

o The current position of the participant in the construction sector (project
manager, site manager, designer, site engineer, site surveyor, quantity engineer,
technical office engineer, supervisor of public works, etc.)

. And the average budget (in euros) that the participant has been involved in so far
in his/her career,

o And the crucial question if the participant faces any risks during the life cycle of a

highway project (design, construction, operation).

The second part consists of ten questions. Eight of them refer to the proposed risk
factors, as they resulted from the literature review and experts’ discussion, that may
affect a highway project and are categorized relevant to the three (3) main stages of a
project, the design, construction, and operational stage, and related to five (5) crucial
factors for the successful completion of the project. These factors are time, cost, quality,

environment, and safety factors.

The last two questions allow the participants to propose and evaluate according to their

aspect any other risk factors that are not included in the research.

This part is structured based on the probabilities these risk factors will occur during the
life cycle of the project. For the evaluation of the risk factors, a five-point Likert scale
was adopted. The possible answers are referring to the occurrence of risk factors are
very low, low, medium, high, very high. Although earlier studies in risk management
(Garland 1991) have adopted a four-point scale, excluding the mid-point in the answers,
the trend in recent studies is to use a five-point scale, including the mid-point (Odeyinka
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et al. 2008, Ahadzie et al. 2008). The Likert scale was adopted because of the research
subject. Risks in many cases are difficult to be “converted” in straight numbers if their
nature is not numerical, and in this case, a five-point Likert type scale is the method of
ascribing quantitative value to qualitative data, to make it amenable to statistical
analysis. A numerical value is assigned to each potential choice (“1” for Very Low, “2” for
Low, “3” for Medium, “4” for High, and “5” for Very High) and a mean figure for all the

responses is computed at the end of the evaluation or survey.

The questions that needed to be answered refer to the proposed risk factors relevant to
the three main stages of the project. Regarding the design stage, the proposed risk

factors come due to:

° Environmental issues
o Feasibility study issues
° Issues based on reactions of local communities

For the construction stage of the project, the selected risks are relevant to:

° The Time schedule and the compliance with it,
o The financial risks related to cash flow, delays in payments, etc.,
o Quality risks associated with Quality issues (construction methods, material,

resources, etc.)

. And threats originated from the relation between the concessionaires

The last stage of the project, the operational stage, the proposed risks are relevant to:

. Maintenance

o Heavy traffic

For the five crucial factors, the implemented threats originate

o For Time from faulty design, the need of design modification, initial time schedule
failure, bureaucracy, unpredictable issues,

o For Cost from faulty preliminary design following the need of modification,
misjudge on budget estimation, funding problems,

° For Quality from insufficient funding, lack of human resources, hardware failure,
defective material,

o For Environment from natural disasters, changes in environmental legislation,
local communities’ opposition,

o And finally, for Safety from accidents at work, insufficient management plan.
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The questionnaire distributed in sixty-one (61) respondents who are experts in the
highway construction industry. In the sample were included employees of the major
construction companies in Greece, some of the most emblematic Joint Ventures in the
section (Attiki Odos and Olympia Odos), operators (Attiki Odos, Olympia Odos, Ionia
Odos), designers (highway, Hydraulics, Surveyors), supervisors of public works
(Prefecture of Attica, Salfo SA), as well as minor constructors. There were also included
professionals with different degrees of experience, from less than five years up to more
than 25 years, and with various levels of education. Great attention was given, so the
sample would be as representative as it could be. The questionnaire was administered
using google forms, and fifty (50) of them responded. The survey started in December
2019 with the development of the questionnaire. Around mid-February, it had been sent
to all the participants, and by March the 15t all the responses have been submitted. The

whole questionnaire may be found in Appendix A.

5.2. Data Analysis

Data analysis is divided in two sections. In the first one, the demographic facts of the
sample have been evaluated using the appropriate graphs. The second section includes

the statistical analysis of the survey.

5.2.1. Questionnaire’s Reliability
Before any further processing of the questionnaire’s answers, a reliability test was
necessary to be conducted to check the reliability of the collected data. Assessing a
data survey’s reliability is vital to ensure that the survey obtained meaningful data,
and the use of Cronbach’s Alpha (CA) is a useful measurement towards this goal. The
closer the CA coefficient is to 1, the more confident we are that the survey’s
questions are correlated and therefore produce consistent responses. The CA is

calculated from the following equation:

A = k [(S?-YSi?
T k-1 §2

Where,
k= is the total participants in the survey,
Si2 = is the standard deviation of the answers in each question

S2=is the standard deviation of the sum
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The Cronbach’s Alpha coefficient is 0.910, with 25 variables. Since the CA calculated
more than 0.7, there is high internal consistency for the received data (Hair et al.
1998). The calculations of the Cronbach’s Alpha coefficient can be found in Appendix
B.1.

5.2.2. Demographic Analysis

Based on the fifty filled questionnaires, descriptive statistics are used to describe the
main features of the collected data in quantitative terms. This involved the use of
frequencies, percentages, and means for presenting the description findings of the
survey. These techniques were employed for analyzing data related to the
characteristics of the respondents, their education, working experience, their current
position in the construction sector, and open-ended questions/proposals. They were
also used for the initial analysis of rating score data of the various research variables.
Graphical techniques utilized for presenting the results from these analyses include pie

charts, bar charts, and tables.

From the received responses, 21 respondents are postgraduate diploma holders, while
the same number are University graduates. It means that 84% of the participants have
higher education. Also, there is a small percentage (10%) of Technical school graduates.
The sample has been completed by 2 Doctorate diploma holders (4%) and 1 High school
graduate (2%). The sample from the aspect of education is representative as it includes

all types of education, and the vast majority are well educated.

Education Level

2%
10% = High School Graduate

4%

Technical School
graduate

= University Graduate

m Postgraduate Diploma

Graph 1. Educational level of the respondents

Half of the sample from the aspect of working experience is very experienced, as 54%

(27 participants) have more than twenty years of experience in the construction
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industry. Another 14% (7) have worked between 15-20 years, and 10 respondents
(20%) have working experience between 10-15 years. Also, the sample includes 6
members (12%) with less than 10 years of experience (3 with 6-10 years, and 3 with 0-5

years).

Years of Working Experience

6%

" 0-5
6-10
= 10-15
54% ‘

= 15-20
>20
Graph 2. Years of working Experience of the respondents

Regarding the current position in the construction sector 7 respondents (14%) are
working as designers, 35 (70%) are involved directly with the construction of the
project (5 as project managers, 1 as deputy project manager, 2 as civil works managers,
1 as Quality Health and Safety director, 13 as site engineers, 3 as Technical Office
Engineers, 8 as site surveyors, 1 quantity engineer, and finally 1 as a foreman). Two
respondents work as maintenance managers in the operational sector of the highways.
Four participants (8%) work as supervisors in public works, including highway projects,

and two participants (4%) did not mention their current position.
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Current Position

IUIIUH?-uﬁ_uH

Current Position

Percetage (%)
=
ul
o

M Site Engineer i Site Surveyor M Designer

M Project Manager & Supervisor of Public Works & Technical Office Engineer

E Maintanance Manager H Civil Works Manager i No Answer

i Quantity Engineer M Deputy Project Manager i Quality Health Safety Director
i Foreman

Graph 3. Current position of the respondents

The average budget of the projects that the respondents have been involved in is quite
high, as 29 members of the sample (58%) have worked in projects with an average
budget above 5.000.000€, while another 18% (9 participants) have an average budget of
projects between 1.000.000 - 5.000.000€. Ten (10) respondents, 20%, have worked in

projects up to 500.000€, and finally, in medium budget projects, between 500.000€ up
to 1.000.000€ have worked 2 of the respondents.

Average Budget of Projects

= <200.000€
200.001-500.000 €

= 500.001-1.000.000 €

= 1.000.001 - 5.000.000 €
>5.000.000 €

58%

Graph 4. Average budgets of projects respondents have been involved
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Finally, at the last question of the first part of the questionnaire, if the respondents face
any risks during the construction of a highway project, 44 out of 50 answers are positive
(88%), and only 6 are negative. These negative answers are related to respondents that

working as designers, or as supervisors in public projects.

Are you facing any Risks during construction
of a Highway Project

= Yes
No

Graph 5. Respondents Risk facing

5.2.3. Questionnaires first approach Analysis
From the responses to the questionnaire and before the statistical analysis of the survey

data, a first approach can be made using the charts created from the imported data.

The respondents evaluated the design stage risk factors as medium risks. More
specifically, for the environmental issues, 70% of the participants believed these risk
factors as medium-high (36% medium and 34% high). The feasibility study issues are
recognized from 42% (21 answers) of the sample as medium risks, while 36% (14 very
low and 22 low) believe it's a low - very low risk, and the remaining 22% characterizes

it as a high - very high one.

Design Stage Risk Factors - likelyhood of Occurence

iullu iulL =ullu

= = = = DO RO N

ONBONONBONOON D

Environmental Issues Feasibility Study Issues Risks implemented from Local
Communities

#Very Low HLow HEMedium ®High &VeryHigh
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Graph 6. The design Stage risk factors evaluation

Regarding the construction stage risk factors, the respondents evaluated it as a medium
to high risk. In more details, the four identified risks are assessed as follows:

. Delays in the timetable are valued as high to very high risk from 76% of the
sample, while 20% estimates it as medium, only 4% as low, and no one believes it is a
very low risk.

o Only 10% believe that financial risks during the construction period are a low -
very low risk, while 26% classify them in medium-range and 64% evaluate them in the
high-very high rank of risks.

. Quality issues are recognized as low to medium risks from 70% of the sample,
and only 24% evaluate them as high risk.

o The concessionaire’s relations are considered as medium risk (44.9%), 26.5%

assess them as low risk, and 10.2% as a very low threat.

Construction stage Risk Factors -Likelyhood of occurence

24
22
20
18
16
14
12
10
8
6
: wi N
2 i i < O
Struggling with the Finacial Risk factors Quality issues Concessionaires Relation
Timetable (cash flow, delay in (construction, material implemented risks
payments etc) resources quality)

#Very Low HLow HEMedium ®High &VeryHigh

Graph 7. The Construction Stage risk factors evaluation
The risks relevant to the operational stage of the project by the first approach of the
following chart are considered medium to low risks. The maintenance issues are
evaluated by 64% of the sample medium to low risks. The heavy traffic issues due to
outdated traffic models tend to be assessed from low to high risks as the answers are
shared to low risk from 32%, medium from 24%, and high from another 24% of the

respondents.
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Operational Stage Risk Factors - Likelyhood of occurence

Maintenance Issues Heavy traffic issues due to outdated traffic models

18
16
14
12
10

S N A O @©

@ Very Low #Low #Medium ®High uVery High

Graph 8. The Operational Stage risk factors evaluation

For the risks that may be implied in project construction and are relevant to time, cost, quality,
environment, and safety, a first approach evaluation based on the answers of the respondents

may be done.

The respondent’s answers evaluated the unpredictable incidents (weather conditions, economic
crisis, strikes, archaeological findings, etc.) as the higher risk relevant to time. They believe it is a
high risk in a percentage of 54%, while another 16% says it is a very high risk, and only 8%
perceive the unpredictable issues as a low, very low risk. Bureaucracy is perceived as a high,
very high risk by 68% of the participants in the survey. The consistency of the initial time
schedule is another fear factor by 56%. 60% of the respondents evaluate the need of
modifications in the design of the project as medium to low risk, and another 66% believes that

the risk of a faulty design is medium to low.
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Risk Factors Relevant to Time

et bl uil

Faulty design of the Modification of the Initial timeschedule Bureaucracy Unpredictable
project design failure issues

PR RERPEPEPENNNDNDNW
ON AN ONNSANRO

OoON BN

#Very Low #Low #Medium ®High uVeryHigh

Graph 9. Risk factors evaluation relevant to time

The first approach to the risk factors relevant to cost shows that the sample
characterizes the proposed risks (faulty preliminary design, misjudge on budget
estimation and project funding problems) high risks -32% for the preliminary design,
and 34% for the project’s funding problems. An objection there is only on the budget
estimation, which is considered as a medium one (34%) while the same number of

respondents (24%) believes it is either a low risk or a high one.

Risk Factors Relevant to Cost

A

Faulty preliminary design Misjudge on budget estimation Project funding problems

18
16
1
1
1

[==T NSRS

S N B O @

@Very Low HLow ®Medium ®High & VeryHigh

Graph 10. Risk factors evaluation relevant to cost

The risks originated from quality issues are perceived mainly as low risks according to

the sample’s answers. Hardware failure or defective materials are by 64% a low, very
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low risk. The lack of human resources does not seem to worry the participants a lot, as
58% considers it as a medium-low risk. Things seem to change regarding the worries of

the project funding, and 62% assume this as a medium-high risk.

Risk Factors Relevant to Quality

20
18
16

| HII |Hilu |Hilu

Insufficient funding Lack of human resources Hardware failue
Defective material

S N A O

#Very Low HLow ®Medium ®High & VeryHigh

Graph 11. Risk factors evaluation relevant to quality

Natural disasters and changes to environmental legislation are not seemed to worry the
respondents as 40%, and 44% respectively realize them as low risks. Local
communities’ opposition relevant to environmental issues seems to worry the members
of the sample as 40% consider this as a medium risk, while another 26% face it as a high

risk.

Risk Factors Relevant to Environmental Issues

24
22
20
18
16

6 lHiL lHiL -Hilu

Natural Disasters Changes to environmental Local communities opposition
legislation

ee]

ON B

#Very Low #Low ®Medium ®High & VeryHigh

Graph 12. Risk factors evaluation relevant to the environment
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Finally, risks originated from safety issues are by far considered as low, very low risks

from the participants. Respectively 51% and 54% realize that accidents at work and

insufficient safety management plan - uneducated/inexperienced personnel are not

severe threats for the construction of a highway project.

Risk Factors Relevant to Safety Issues

20
18
16
14
12

o N A~ O

Accidents at work

#Very Low HLow ®Medium ®High & VeryHigh

Graph 13. Risk factors evaluation relevant to safety

i JIlu "

Insufficient Safety management plan -
uneducated/inexperienced personnel

-

The vast majority of the respondents, 40 out of 50 answers, did not add any other risk

factors besides the proposed. The remaining ten respondents add and evaluate risk

factors, as shown in the following table:

Proposed Risks

Risk Evaluation

Very Low

Low

Medium

High

Very High

Without

Evaluation

Changes in State Governance lead to
funding delays, revision / re-interpre

tation of contractual terms, etc.

Lack of time and resources requires
additional effort which means increased

risks

Lack of specialized labor workers

Traffic management (in case works are

executed under traffic)

Lack of geotechnical studies

Unforeseen Conditions

Inadequate design

Design Failure

1

Table 3. Respondents proposed Risk Factors
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After analyzing the answers, respondents gave to the survey, an evaluation effort
without any further statistical analysis, but relying only on strict numbers and the
percentages (%) can be done. The evaluation will be based on a 5-point scale, and the
grading will be low, medium-low, medium, medium-high, and high. For each risk factor,
its percentage based on the answers given will be calculated and then will be classified

according to the 5-point scale. The results of this evaluation are shown in Table 4.
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First Approach Classification

Risk Risk (percentage %) Importance
c N Risks Level
ategory 0 Very Very eve

Low | Medium | High
Low High
R1 Environmental Issues 8.0 14.0 36.0 34.0 8.0 H-M
R2 Feasibility Study Issues 14.0 | 22.0 42.0 18.0 4.0 M
Design
Risks implemented from Local
R3 4.0 18.0 36.0 24.0 | 18.0 M
Communities
R4 Struggling with the Timetable 0.0 4.0 20.0 44.0 32.0 H-M
R5 Financial Risk Factors 2.0 8.0 26.0 36.0 28.0 H-M
: Quality issues (construction,
Construction | pg Y ( 40 |300| 400 |240| 20 M
material, resources quality)
Concessionaires Relations
R7 10.2 | 265 449 12.2 6.1 M
implemented risk
R8 Maintenance Issues 16.0 30.0 34.0 16.0 4.0 L-M
Operation Heavy Traffic Issues due to
R9 16.0 | 32.0 24.0 24.0 4.0 L-M
outdated traffic models
R10 | Faulty Design of the Project 6.0 36.0 30.0 12.0 | 16.0 L-M
R11 | Modification of the Design 0.0 28.0 32.0 22.0 | 18.0 L-M
Time R12 | Initial Timeschedule failure 0.0 16.0 28.0 340 | 22.0 H-M
R13 | Bureaucracy 4.0 10.0 18.0 36.0 32.0 H
R14 | Unpredictable Issues 0.0 8.0 22.0 54.0 16.0 H
Faulty preliminary Design -
R15 v Y & 4.0 18.0 28.0 320 | 18.0 H-M
Need of modification
Cost R16 | Misjudge on Budget Estimation 2.0 24.0 34.0 240 | 16.0 M
R17 | Project Funding Problems 4.0 22.0 28.0 34.0 12.0 H-M
R18 | Insufficient Funding 10.0 | 26.0 32.0 30.0 2.0 H-M
11.Risk Factors relevant to
R19 | Quality, Lack of Human 12.0 30.0 28.0 20.0 10.0 L-M
Quality
Resources
Hardware Failure/Defective
R20 26.0 | 38.0 20.0 12.0 4.0 L
Material
R21 | Natural Disasters 10.0 | 40.0 28.0 20.0 2.0 L-M
Changes to Environmental
Environment | R22 10.0 | 44.0 30.0 14.0 2.0 L-M
Legislation
R23 | Local Communities' Opposition 4.0 22.0 40.0 26.0 8.0 M
R24 | Accidents at Work 163 | 34.7 20.4 184 | 10.2 L
Safety Insufficient Safety Management
R25 ol 16.0 | 38.0 22.0 18.0 6.0 L
an

Table 4. Respondents answers first approach classification
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5.2.4. Relative Importance Index Analysis

The method that will be used to statistically analyze the findings of the research, because
it fits best to the purpose of this study is the Relative Importance Index Analysis (RII).
Relative Importance Index or weight is a type of relative importance analysis. The RII
aids in finding the contribution a particular variable makes to the

prediction of a criterion variable both by itself and in combination with other predictor

variables (Johnson-LeBreton et al. 2004).

The Relative Importance Index is calculated with the following equation:

Sw

RIl = —
AN

(0<RII<1)

Where,

W=weight given to each risk, by response to the questionnaire, and varies from 1 to 5
(where “1” refers to very low and “5” to very high).

A= highest weight, 5 for this purpose since a 5point Likert scale was used,

N= total number of respondents in the survey.

Several risk factors (25) are proposed, calculated, and ranked in compliance with the
Relative Importance Index Method (RII). The higher RII is, the more severe the risk
factor is. Respectively the lower the RII is, the lower the risk is. The results of the RII

analysis are shown in the following table:

Risk Category | Risk No Risks RII Rank
R1 Environmental Issues 0.64 11
Design R2 Feasibility Study Issues 0.55 18
R3 Risks implemented from Local Communities 0.67 7
R4 Struggling with the Timetable 0.81 1
R5 Financial Risk Factors (cash flow, delay in payments, etc.) | 0.76 3
Construction
R6 Quality issues (construction, material, resources quality) 0.58 14
R7 Concessionaires Relations implemented risk 0.56 17
R8 Maintenance Issues 0.52 22
Operation
R9 Heavy Traffic Issues due to outdated traffic models 0.54 20
R10 Faulty Design of the Project 0.59 13
R11 Modification of the Design 0.66 8
Time
R12 Initial Time schedule failure 0.72 5
R13 Bureaucracy 0.76 2
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Unpredictable Issues - weather conditions, strikes,

uneducated/inexperienced personnel

R14 0.76 4
economic crisis, archaeological findings, etc.
R15 Faulty preliminary Design - Need of modification 0.68 6
c R16 Misjudge on Budget Estimation 0.66 9
ost
Project Funding Problems - economic crisis, delay on
R17 0.66 10
payments, reduced toll fees income, inflation fluctuations
R18 Insufficient Funding 0.58 15
Risk Factors relevant to Quality (Lack of Human
Quality R19 0.57 16
Resources - understaffed sites, inexperienced personnel
R20 Hardware Failure/Defective Material 0.46 25
R21 Natural Disasters 0.53 21
Environment R22 Changes to Environmental Legislation 0.51 24
R23 Local Communities' Opposition 0.62 12
R24 Accidents at Work 0.54 19
Safety Insufficient Safety Management Plan -
R25 0.52 23

Table 5. Risk Analysis with Relative Importance Index (RII) method

A further categorization of the above table can be done in accordance to Akadiri’s

(2011), five important levels that are transformed from Relative Index values: High (H)
(0.8<RI<1), High-Medium (H-M) (0.6<RI<0.8), Medium (M) (0.4<RI<0.6), Medium-Low
(M-L) (0.2<RI<0.4), and Low (L) (0<RI<0.2). The result of this processing is shown in

Table 6.
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5.2.5. Perception of Risk Relevant to the Working Experience

After performing the Relative Importance Index (RII) analysis and evaluated the risk

impact perception in a highway project, further statistical analysis may be done. This

further evaluation can refer to the perception of risk categories depending on the

working experience of the sample. The sample can be divided in three groups regarding

the years they are working in road construction sector. These three groups are showing

in table 7.

Working
Cumulative
Experience Frequency Percent (%)
Percent (%)
(years)
0-10 6 12% 12%
10-20 17 34% 46%
>20 27 54% 100%
Total 50 100%

Table 7: Sample distribution regarding the years of experience

After grouping the survey results, regarding the working experience, calculations of the

mean and standard deviation for each risk category were performed. At the same time,

the risk categories were ranked based on the mean value, as shown in table 8.

Years of Experience
Total
Risk Category 0-10 10-20 >20
Mean SS:ES; :;?1 Rank | Mean S:/riljg (r)(ril Rank | Mean SS:ES; :;?1 Rank | Mean S:/riljg (r)(ril Rank
DESIGN 3.22 1.11 5 2.96 1.13 4 3.16 1.05 4 3.10 1.09 4
CONSTRUCTION | 3.46 1.02 1 3.46 1.03 1 3.32 1.13 3 3.38 1.08 2
OPERATIONAL 3.17 1.03 6 2.41 1.08 8 2.69 1.10 6 2.65 1.10 8
TIME 3.30 1.09 3 3.41 1.06 2 3.59 1.10 1 3.50 1.09 1
COST 3.44 1.10 2 3.12 1.07 3 3.43 1.07 2 3.33 1.08 3
QUALITY 3.06 1.11 7 2.86 1.23 5 2.48 1.04 8 2.68 1.13 6
ENVIRONMENT 2.83 1.15 8 2.63 0.94 6 2.84 0.99 5 2.77 0.99 5
SAFETY 3.25 1.22 4 2.59 1.18 7 2.57 1.17 7 2.66 1.19 7

Table 8. Means and St. Deviations of the respondents according to their working experience

The result that can be drawn from the above ranking attempt is that among the created

groups, there is an agreement for the three most significant risk categories in a highway
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project, and these are threats relevant to time, cost, and the construction stage of the

project. The only difference is the ranking place of these categories.

[ addition to the above calculations and ranking attempt, a step forward to the statistical
analysis will be attempted. There will be investigated any probable relationship between
the newly created subsamples. In a few words, the hypothesis that the risk perception in
a highway project is the same among the employees regardless their working experience

will be stated.

The one-way Analysis of Variance (ANOVA) at 95% confidence interval and 5% level of
significance was adopted to investigate the strength of the stated hypothesis. The main
hypothesis was splitted in eight sub-hypotheses, one for each risk category. Eight
ANOVA tests were run, to test the difference in the mean value for every risk category
(design, construction, operation, time, cost, quality, environment, and safety), regarding
the working experience. The Ho hypothesis was that there is no difference in the mean
value for each risk category (design, construction, operation, time, cost, quality,
environment, and safety) regarding the working experience. The alternative hypothesis
Ha was that there is a difference in the mean value of each risk category regarding the
working experience. Table 9 shows the results of the eight ANOVA tests that were
performed. Analysis results showed that for every risk category, the F statistic is smaller
than the Fcrit, and the P value is greater than 0.05. Hence, the Ho hypothesis cannot be
rejected with 95% confidence interval, and the conclusion that is drawn for every risk
category is that there is no difference in the perception of risk factors in a highway

project, regardless of the working experience.
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Source of

Risk Category Variation SS df MS F P-value F crit

gff)‘l"l’;s“ 1.553740015 2 | 0776870007 | 0.656523981 | 0.52016501 | 3.057620652
Design Within 173.94626 | 147 | 1.183307891

Groups

Total 175.5 | 149

gff)‘l"l’;s“ 0.952632297 2 | 0476316149 | 0.405864947 | 0.666958923 | 3.041990235
Construction | Within 230.0222421 | 196 | 1.173582868

Groups

Total 230.9748744 | 198

Between

Groups 5.199891068 2 | 2.599945534 | 2.220999338 | 0.113989786 | 3.090186675
Operation Within 113.5501089 | 97 | 1.17061968

Groups

Total 118.75 | 99

gff)‘l"l’;s“ 3.015172113 2 | 1.507586057 | 1.27752401 | 0.280561686 | 3.032361496
Time Within 291.4808279 | 247 | 1.180084323

Groups

Total 294.496 | 249

(B;:(t)‘l’;’;s“ 3.378228032 2 | 1689114016 | 1.463901225 | 0.234684394 | 3.057620652
Cost Within 169.6151053 | 147 | 1.153844254

Groups

Total 172.9933333 | 149

gff)‘l"l’;s“ 7.434117647 2 | 3717058824 | 2.982478729 | 0.05374224 | 3.057620652
Quality Within = 4 g5 9058824 | 147 | 1.246298519

Groups

Total 190.64 | 149

Between

Groups 1.498184459 2 | 0749092229 | 0.757673272 | 0.470577472 | 3.057620652
Environment | Within 145.3351489 | 147 | 0.988674482

Groups

Total 146.8333333 | 149

gff)‘l"l’;s“ 4819070281 2 | 2409535141 | 1.732645409 | 0.182299073 | 3.091191259
Safety Within 133.504162 | 96 | 1.390668355

Groups

Total 138.3232323 | 98

Table 9. Results of ANOVA tests for every risk category
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Chapter 6

Conclusions

In this final chapter of this “Master’s dissertation” will be summarized the findings, and

conclusions and will be stated.

The relative importance index analysis regarding the risk factors in a highway project, as

extended described in the above paragraphs, shows that between 25 proposed risks, the

most significant are relevant to the construction stage of the project and related to the

time the project must be completed. From the respondent’s answers and the evaluation

of them seems that risks relevant to environmental, operational, safety, and quality

issues worry less the construction sector. So, in details, the significant risks are:

Risk Risk
Risks RII | Rank
Category No
Construction R4 Struggling with the Timetable 0.81 1
Time R13 Bureaucracy 0.76 2
Financial Risk Factors (cash flow, delay in
Construction R5 0.76 3
payments, etc.)
Unpredictable Issues - weather conditions,
Time R14 strikes, economic crisis, archaeological 0.76 4
findings, etc.
Time R12 Initial Time schedule failure 0.72 5

Table 10. Overall top 5 risks

And the less significant risks are:
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Risk Risk

Risks RII | Rank
Category No
Environment | R21 Natural Disasters 0.53 21
Operation R8 Maintenance Issues 0.52 22

Insufficient Safety Management Plan -
Safety R25 0.52 23
uneducated/inexperienced personnel

Environment | R22 Changes to Environmental Legislation 0.51 24

Quality R20 Hardware Failure/Defective Material 0.46 25

Table 11. Less significant five risks

The significant risks are relevant to the time schedule, either the initial one (No5) or to
keep up with the revised one (No1l) during the construction. Bureaucracy (No2) is an
issue, especially in Greece, which is not well known for the strength, validity of the
procedures, and the well-organized public services. Financial issues (No3), like
problems in cash flow or delay in payments, are in direct connection with the time
schedule. So, an increased probability of one of these risks to occur creates a “domino”
effect, which is very difficult to be confronted. The fourth major risk that equally
agitated the respondents is the unpredictable issues (No4), like severe weather
conditions, labor strikes, economic crisis, archaeological findings, etc. From the 5 most
significant risks, the second, third, and fourth have almost the same importance to the

respondents of the research as their Rl index is 0.76.

The following five risks are relevant to cost issues (preliminary design-need of
modification-No6, faulty budget estimation-No9, and funding problems-No10), to time
issues (need of modification the design-No8) and design stage (opposition of the local

communities-No7).

From the RII analysis the five last risks are considered the natural disasters (No21) and
changes to environmental legislation (No24) from the environmental section, various
maintenance issues (No22) from the operational stage, the insufficient safety
management plan (No23) from the safety section, and finally the risk of hardware failure

or the existence of defective material (No25) from the quality section.
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From the RII analysis can be easily be noticed that the most significant risks are relevant
to Construction, Time, and Cost categories while the less significant originate from more
categories (Environment, Operation, Safety, Quality). So it can be assumed that during
the construction of a highway project in Greece, the primary concern of the employees of
all stages (managers, engineers, designers, etc.) are issues relevant to time and cost. At
the same time, they feel more comfortable to deal with environmental, quality, and

safety issues.

It is also interesting to try to compare the relevant importance as it occurs from the RI
index (RII) and from the first approach impression (FA), which is based on the
categorization regarding the more answers received for each question and can be seen
from the previous graphs and “Table 4 Respondents answers first approach

classification.” The findings of this comparison are in Table 12.

This comparison table resulted that 8 risk’s importance level is equal among the two
ways of calculation. In contrast, 13 risks partly match, and only for 4 risks, the first
approach impression is entirely different from the one calculated from the RII analysis.
So, 52% partially match, 32% completely match, and only 16% are different. Of course,
the result of this comparison cannot lead us to a conclusion that can be implemented in

all cases, but it needs more research without any particular results.

Finally, investigated the perception of risk factors of the respondents according to their
working experience. For the three groups that were created (0-10, 10-20, and above 20
years of experience), the following hypothesis was stated. There is no difference in
perception of risk factors regarding the working experience of an employee in a
Highway project. The verification of this hypothesis was done using the Analysis of
Variance (ANOVA) were it was tested if there is no difference in the mean values for
each risk category among the three samples. The result of this analysis turned that there
is no significant difference in how the employees in a highway project evaluate the

likelihood of a risk to occur regarding their working experience.
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Risk Importance | Importance
Risk No Risks Comparison
Category Level (RII) Level (FA)
R1 Environmental Issues H-M H-M match
R2 Feasibility Study Issues M M match
Design
Risks implemented from Local
R3 H-M M partly match
Communities
R4 Struggling with the Timetable H H-M partly match
R5 Financial Risk Factors H-M H-M match
Quality issues (construction, material,
Construction R6 M M match
resources quality)
Concessionaires Relations implemented
R7 M M match
risk
R8 Maintenance Issues M L-M partly match
Operation Heavy Traffic Issues due to outdated
R9 M L-M partly match
traffic models
R10 Faulty Design of the Project M L-M partly match
R11 Modification of the Design H-M L-M different
Time R12 Initial Time schedule failure H-M H-M match
R13 Bureaucracy H-M H partly match
R14 Unpredictable Issues H-M H partly match
Faulty preliminary Design - Need of
R15 P Y & H-M H-M match
modification
Cost
R16 Misjudge on Budget Estimation H-M M partly match
R17 Project Funding Problems H-M H-M match
R18 Insufficient Funding M H-M partly match
Risk Factors relevant to Quality, Lack of
Quality R19 M L-M partly match
Human Resources
R20 Hardware Failure/Defective Material M L different
R21 Natural Disasters M L-M partly match
Environment R22 Changes to Environmental Legislation M L-M partly match
R23 Local Communities' Opposition H-M M partly match
R24 Accidents at Work M L different
Safety
R25 Insufficient Safety Management Plan M L different

Table 12. RII Importance Level and First Approach Importance Level comparison
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Chapter 7/

Limitations and Future Research

Obviously, the findings of this “master’s dissertation” represent a snapshot of reality.
Conclusions can “produced,” and anyone interested in further investigation of the risk
factors that may occur in a highway project can rely on for a start. Nevertheless, there
are certain limitations to this attempt. The sample, despite it is a random one, is quite
small regarding the population of all the employees in the highway construction sector.
It is not very proportional relevant to the current position of respondents, and there are
not included the employees of foreign construction companies or designing firms with

activities in Greece.

Finally, future research can rely on this attempt and also examine the degree of impact
of the identified risks. Also, if the proposed classification of the risks is proportional to
their impact on the project. Another sector of further research is if the perception of risk
changes according to the educational level, or the age of the respondents, or even
regarding their position in the construction process (designer, constructor, supervisor,

etc.).
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Appendix A

Questionnaire
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Risk Factors in Highway Construction Projects

A&LOAGYM 0T TWV ETUMTWOEWV TWV TAPAYOVI®Y KIVEUVOU GTNV KATACKELT 081KWV £pYwV

AebBuvon nAektpovikov Taxvdpopeiov *

1.Education Level (Mop@wTiké eminedo)
High School Graduate (Amd@ottog Avkeiov)
Technical School Graduate (Amo@ottog Texvikng ZYoAnS)
Technical College Graduate (Amo@ottog TexvoAoywkoU Exmaideutikov [§pUpatog)
University Graduate (Amd@oitog [ToAvtexveiov/Tlavemiotnpiov)
Postgraduate Diploma (K&toyog Metamtuylakol TitAov)

Doctorate Diploma (Kd&toyog AiSaktopiko¥ TitAov)

2.Years of Experience in the construction sector (eumelpia 6TOV KATOOKEVAGTIKO TOUEN)
0-5 years
6-10 years
10-15 years
15-20 years

>20 years

3.Which is your current position (e.g. designer, project manager, site engineer, quantity
engineer, quality engineer, etc.) ITowx eivat ) tpéxovoa Béomn oag (LeAeTn TG, StevBuVTHG
£PYOU, UNXAVIKOG KATACKEUNG, ETLUETPNTNG KAT)

4. What is the average budget ( in €) of the projects that you have been involved in (motog
elval o HEGOG TTPOVTIOAOYLIOUOG -0€ €- TWV £PYWV OTA OOl £XETE CUUUETATYEL)

<200.000 €

200.001 - 500.000 €
500.001 - 1.000.000 €
1.000.000 - 5.000.000 €
>5.000.000 €

5.Are you facing any risks during construction of a highway project? (Avtiuetwmiete
KLWEUVOUG KATA TN SLAPKELA TNG KATAOKELTG EVOG 081KOU £pyoU

Yes (Nau)
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No ('Oxy)

6.The Design stage Risk Factors -Likelyhood of occurence-(Kivéuvol kata to oxediaco tou
€pYou -TBaVOTNTA EPPAVIOTG)

Very Low Low Medium High Very High

Environmental Issues
(MeptBaiovtika BEpata)
Feasibility Study Issues (@¢uata
OXETIKA HE TN LEAETN OKOTILLOTNTOG
TOU £pyou)

Risks implemented from Local
Communities (AvtiSpAaoeLg
Tomwkwv Kowvwviwy)

7.The Construction stage Risk Factors -Likelyhood of occurence-(Kivéuvot katd tnv
KO TAOKELT] TOU £pYO0U -TILOAVOTN T ELPAVIOTG)

Very Low Low Medium High Very High

Struggling with the Timetable
(KoBuotepnoelg oto
Xpovodiaypappa)

Financial Risk Factors -cash flow,
delay in payments etc-
(Xpnuatodortikol kiduvol -
XPNUOTOPOEG, KABUOTEPHOELSG
TANPWHWV-

Quality issues -construction,
material, resources quality-
(MpoBAAuata Nowotntag -
MoLOTNTA KATOOKEUNG, UALKWV Kall
TOPWV-

Concessionaires Relations
implemented risk ( Kivéuvol
€l0ayWHEVOL ard TPOPANUATA OTLG
OXEO0ELG TWV TTAPAXWPENCLOUXWV)

8.The Operational stage Risk Factors -Likelyhood of occurence-(Kivéuvol kata v
AgLTOLPYIX TOV £PYOU -TIOAVOTNTA EUPAVIOTC)

Very Low Low Medium High Very High

Maintenance Issues (MpoBAnuata
Zuvtripnong)

Heavy Traffic Issues due to
outdated traffic models
(KukAodopraka mpofAnuata Aoyw
ootoyiag kukhodoplakwy
HOVTEAWV)
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9.Risk Factors relevant to Time ([Tapayovteg kivdUvou oxetikol e Tov Xpovo)
Very Low Low Medium High Very High

Faulty Design of the Project
(EA\OTWHOTLKOC OXESLOOUOG TOU
Epyou)
Modification of the Design
(Tpomomoinon Zxedlacpov)
Initial Timeschedule failure
(Aotoxla ApxLkoU
Xpovodiaypdppatog)
Bureaucracy (Fpadelokpatikd
Bépata)
Unpredictable Issues - weather
conditions, strikes, economic
crisis, archaeological findings etc-
( AmpOBAENTEG KOTOOTACELG
KALPLKEG CUVONKEG, ATIEPYIES, OLKOVOULKT
KPLOT], APYULOAOY LKA EUPTUATA KAT)

10.Risk Factors relevant to Cost (ITapayovteg ktvdUvou oxetikol pe to Kootog) Na
ETLONUAIVETAL UOVO pia EN et ava oelpa.

Very Low Low Medium High Very High

Faulty preliminary Design - Need
of modification (Actoyia
MpopeAETNG, avayKn
TPOTIOTIOLNOEWV)

Misjudge on Budget Estimation
(Aotoxia NpolUmoAoyLopoU tou
€pyov)

Project Funding Problems -
economic crisis, delay on
payments, reduced toll fees
income, inflation fluctuations-
MNpoBAnuata Xpnuotodotnong
OLKOVOULKH Kpion,
KaBUOoTEPNOELG TANPWHWY,



11.Risk Factors relevant to Quality (ITapdayovteg KtvdUVou GYETIKOL PE TNV TIOLOTNTA)

Very Low Low Medium High Very High

Insufficient Funding (Avemapkng
Xpnuatoddtnon)

Lack of Human Resources -
understaffedd sites, inexperienced
personnel - (EAAewpn avBpwmnivwyv
TIOPWV - UTIOOTEAEXWON 1 1N
£UTTELPO TIPOCWITLKO)

Hardware Failure/Defective
Material (Aotoyioa E€omALlopoU -
EAAOTWUATIKA UALKQ)

12.Risk Factors relevant to Environmental Issues ([Tapayovteg [TeptfaAilovtikov
KL&Uvov)

Very Low Low Medium High Very High

Natural Disasters (Duotkég
Kataotpodég)

Changes to Environmental
Legislation (AAAayég otnv
MNeptBarovtikr) NopoBeoia)
Local Communities' Opposition
(Avtidpaoelg Tomikng Kowvwviag)

13.Risk Factors relevant to Safety Issues ([Tapayovteg kivdUvou oxeTikol pe Bépata
Aoc@dAelag otnyv gpyacia)

Very Low Low Medium High Very High

Accidents at Work (Epyatika
Atuxniuata)

Insufficient Safety Management
Plan - uneducated / inexperienced
personnel (Avemopkég IxESLo
Aodaleiog un épmnetpo /
OVEKTIALIOEUTO TPOCWTILKO)

14. Any other Risk Factor relevant to the construction of a Highway Project (AAAog
TAPAYOVTAG KIVEUVOU GXETIKA UE TNV KATAOKEUT EVOG £pYOU 050TIOLL0G)



15.Evaluate your answer of question No14 (AfloAoynote TV AMAVTNOT TNG EPWTNONG
No14)

Very Low Low Medium High Very High

Question 14 Risk Factor-1
Question 14 Risk Factor-2
Question 14 Risk Factor-3
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B.1 Cronbach’s Alpha Calculations

Appendix B
Data Analysis
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Sum of
Responden
ts
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92

95
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65

114
71

87

63

45

88
78
80
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76
88
70
66
56
84
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91

73
71

70
59
72
63

61

82

56
63

71

51

93

59
72
96
65

85

72
105
74
74
79
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219.20979

59

Insufficient
Safety
Manageme
nt Plan

1.3061224

49

Accidents
at Work

1.5416666

67

Local
Communiti
es’
Opposition

0.96489795

Changes to
Environmen
tal
Legislation

0.86571428

Natural
Disasters

0.9697959

18

Hardware
Failure/Defecti
ve Material

1.234693878

Risk
Factors
relevant to
Quality

1.3881632

65

Insufficient
Funding

1.0465306

12

Project
Funding
Problems

1.1444897

96

Misjudge
on Budget
Estimation

1.1444897

96

Faulty
preliminar
y Design

1.2281632

65

Unpredictab
le Issues

0.66489795

Bureaucrac
y

1.2526530

61

Initial Time
schedule
failure

1.0159183

67

Modificatio
n of the
Design

1.1530612

24

Faulty
Design of
the Project

1.3861224

49

Heavy
Traffic
Issues

1.2832653

06

Maintenanc
e Issues

1.1383673

47

Concessionair
es Relations
implemented
risk

1.011054422

Quality
issues

0.7857142

86

Financial
Risk
Factors

1.0204081

63

25

Struggling
with the
Timetable

0.6922448

98

Risks
implement

ed from
Local
Communiti

es

1.2085714

29

219.20979
59

Feasibility
Study
Issues

1.0840816

33
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Environmen
tal Issues

1.10204081

27.6331292
5

0.91036
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No34
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No45
No46
No47
No48
No49
No50

ZSiZ

Cronbach

's Alpha
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B.2 Relative Importance Index Calculations
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Risk

Feasibilit Risks St li Fi ial c Lo H Faulty Initial Faul Misiud Project Fact Hard Ch " Local Insufficient
Environmental casibriity implemented rugging fnancia Quality oncessionaires Maintenance cavy Design of Modification Time Unpredictable au .ty 1sjudge rojec Insufficient actors rargware Natural nanges to oca . Accidents Safety
Respondent Study with the Risk : Relations Traffic . Bureaucracy preliminary on Budget Funding : relevant Failure/Defective X Environmental Communities
Issues from Local X issues . . Issues the of the Design schedule Issues X L8 Funding . Disasters R L at Work Management
Issues i Timetable Factors implemented risk Issues R B Design Estimation Problems to Material Legislation Opposition
Communities Project failure Quality Plan
Nol Medium Medium High Very High High Low Medium Low High High Very High Very High Very High High Very High Very High High Medium Low Low Medium High High High Medium
No2 Very High Medium High Very High Very High Low Low Very Low High g:ﬁ Very High Very High Very High High Very High Very High High High Low Very Low High High High High Medium
No3 Very High Very High High High Very High Low Very Low Very Low High x?gl}; High High High High Very High High High Medium Low Very Low High High High Very High Medium
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No6 High Low High High High Medium Low Medium Low Low Medium Medium Medium High Medium Low Medium Low Medium Medium Medium Low Medium Low Low
No7 Low Very High Very High High High High High High Medium Medium Medium High High High Medium Medium High High Low Medium Medium Medium High Medium Low
No8 High Medium Very High High Medium Low Low Low Medium Low Medium Low High Medium Low Medium Medium Low Very Low Low Very Low Low Medium Very Low Very Low
No9 Medium Medium Very Low Low Low Low Very Low Very Low Zﬁiz \ngrv%’/ Low Low Low Low Low Low Low Low Medium Very Low Very Low Low Low Very Low Low
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No28 High Medium Medium Medium Medium Medium Low High Medium Low Medium High Very High High Medium Medium Medium Low Low Very Low Low Low Medium Low Low
No29 High Medium High Medium Medium Medium Low High Medium Low Medium Medium High High Medium Medium Medium Low Low Very Low Low Low Medium Low Low
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No34 High High Medium High Medium Xz{/‘)’, Very Low Very Low High \l_/[?;ﬁ Very High Very High High High High Very High Low Medium Low Very Low High Low High High Medium
No35 High Low Medium Medium Very Low Medium Very Low Low X:A}; {23 Medium Medium Very High High Very Low Medium Very Low Very Low Very Low Low Low High Medium Very Low Very Low
No36 Medium Medium Medium High Low Medium Medium Medium Medium Medium Low Medium High Medium Medium Low Low Very Low Low Very Low Low Low Low Low Low
No37 Low Low Low Very High High Medium Medium Medium Low Medium Very High Very High High High Medium Medium Medium Very Low Medium Low Very Low Low Low Low Low
No38 Medium Low Low Medium Low Medium Low Medium Low Low Low Medium Very Low Low Low Low Low Low Very Low Low Medium Very Low Very Low Low Very Low
No39 High Low Very High Very High High High Medium Medium High High High High Very High Very High High High Medium Medium High Medium High Medium Very High Low Low
No40 Medium Very Low Medium High Medium Medium Medium Medium Low Low Low Low High Medium Low Low Low Low Low Low Low Low Medium Very Low Very Low
No41 High High Medium Very High Medium Medium Very Low Low Medium Medium Medium High High High High Low Medium Very Low Medium Low Low Low Medium Low Low
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RII 0.64 0.55 0.67 0.81 0.76 0.58 0.56 0.52 0.54 0.59 0.66 0.72 0.76 0.76 0.68 0.66 0.66 0.58 0.57 0.46 0.53 0.51 0.62 0.54 0.52
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