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ABSTRACT

The selection process of bridge superstructure construction methods in Egypt
currently depends on experts’ knowledge, experience and intuition and is not
supported by systematic procedures. This means that the decisions made can be
sub-optimal, not taking account of all the necessary considerations. Invariably,
these are cost, schedule and quality problems. This thesis is concerned with the
development of a decision support system that provides a systematic and
structured framework to improve the current selection process of bridge

superstructure construction methods.

In order to fulfil this aim, the research methodology involved review of literature
on bridge construction methods and multicriteria decision problems and
knowledge acquisition using a variety of techniques. Knowledge was elicited
from experts using interviews, card sorting, questionnaire survey, and process
tracing. A rapid prototyping methodology was used to develop the prototype
system. The system identifies the feasible alternatives, and then utilises the
Analytic Hierarchy Process (AHP) to obtain the weighted benefit of each
alternative. A cost model is used to calculate the cost of the alternatives. Finally,
the system calculates the benefit/cost ratio for each alternative in order to
prioritise them. The system was evaluated during, and after the development
process and the feedback was integrated to the system to improve the prototype.

The research identified that the selection process is highly affected by cost,
duration of construction, bridge physical characteristics and the surrounding
environment and to a lesser extent by stakeholders’ objectives and external
constraints. It also identified eight main construction methods that are used in the
construction of the superstructure of concrete bridges in Egypt.

The research concludes that the prototype system can improve the current
selection process of concrete bridge superstructure construction methods in
Egypt by providing sound technical guidance. Whilst the data sets and validation
are based on an Egyptian context, it is argued that the findings have a wider
application. The prototype system offers considerable benefit if used during the
early stages of the bridge development life cycle. The collective effort of
constructors, owners and designers is important in using and updating its
knowledge base.
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CHAPTER 1: INTRODUCTION

1.1 BACKGROUND

One of the major determinants of any country’s development is the scope of its
transportation network (e.g. roads, railways, waterways, etc.). The maturity of
the transportation network reveals the extent of development as well as the
potential for any future investments. For example, the total length of highways in
Egypt is 64,000 km, while in the United Kingdom it is 371,913 km (World Fact
Book, 2004). If it is borne in mind that Egypt’s area is four times that of the UK,
and the population of Egypt is around 1.25 times the UK, the extent of
development in each country can be comprehended. Bridges, as part of most road
networks, are developed to cross obstacles such as waterways, valleys, roads,
railway lines, etc. They require relatively high investments in terms of both cost

and time in order to plan and build.

Egypt’s terrain consists mainly of a vast desert plateau interrupted by the River
Nile and bordered on two sides by the Mediterranean Sea and the Red Sea. The
arca along the Nile river, starting from the high dam on the south to the
Mediterranean on the north, is agricultural land. Desert areas exist in the east
desert, west desert and Sinai Peninsula. Long coastal lines exist along the
Mediterranean and the Red Sea. Figure 1.1 illustrates the map of Egypt. Major
cities in Egypt are densely populated with problems of congestion and high
density traffic. The need for highways is emphasized in the Egyptian
Government’s five year plan running from 2002 to 2007, where the investment in

bridges is around 53% of the budget assigned for the transportation sector, with



an amount of around 1.44 Billion USS. The changing nature of environmental
parameters and the amount of investments involved make it challenging for
bridge engineers to choose a suitable construction method. For the purpose of
this thesis, construction methods are defined as the selection of falsework,

formwork and scaffold elements.
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Figure 1.1: Map of Egypt (World Fact Book, 2004)

1.2 JUSTIFICATION FOR THE RESEARCH

Most of the explicit knowledge on bridge construction is captured in books,
codes of practice, conference proceedings, journal papers, and regulations.
However tacit knowledge, which is the implicit know-how built over years of
experience, resides with bridge experts and may be lost over time for many
reasons. It is geographically distributed, and difficult to access and utilise. As a

consequence, the construction selection process is based mainly on intuition,



skill, knowledge and judgement in a highly unstructured fashion. Moreover, the
advancements in structural analysis and materials have introduced new
techniques and necessitated the consideration of new influential criteria. Stone
(1980) argues that, although the existence of a wide range of construction
techniques has increased design flexibility, it has increased the difficulty in
selecting appropriate alternatives. Such perquisites have complicated_ the

selection process beyond the intuitive capability of most professionals.

During the early stages of bridge design, the decision on possible reliable
structural configurations is dependant on many considerations such as
maintenance, aesthetics, durability, environmental impact, and construction
methods amongst others. Further, Tatum (1987) suggests that early design
decisions that may exclude desirable construction methods, create
constructability problems. They may increase construction effort and increase
construction difficulty and the risk of problems. Such inappropriate decistons are
caused by the lack of flow of knowledge and expertise from contractor to
designer especially under traditional management systems where responsibility
for design and construction is separated. This situation is unique to the

construction industry as illustrated by Banwell (1964).

In addition, Basha and Gab-Allah (1991), in their evaluation of superstructure
construction methods used in Egypt, considered eight criteria: construction cost,
maintenance, durability, service life, resource availability, construction progress
rate, and design efficiency. In six out of the fourteen cases examined, the chosen
methods were not the best solution. They concluded that this situation is caused

by several factors including the inadequate study of alternative construction



systems. The reason for this is the nature of bridge projects in Egypt where speed
is required for design and construction, thus limiting the time necessary to
conduct proper studies. Furthermore, the nature of the Egyptian economy and
increased competition constitute prime instigators for organizations to develop
decision support systems as illustrated by Turban and Aronson (2001) based on

surveys conducted during the 1980s and 1990s.

Bridges constitute major investment in most transportation networks. The
activities associated with their design and construction represent the majority of
the cost and time invested in most transportation networks. An example
highlighted here is the bridge built to cross Suez Canal, the East portion of the
project has a length of around 1 km, out of the total length of the associated road
network of 5 Km. The cost for constructing this portion represented 90% of the
costs of the associated road network. Zhao et al (2004) stated that “A highway
system development involves huge irreversible investments, and requires
rigorous modelling and analysis before the implementation decision is made”.
Although this fact may be less apparent in smaller bridges and longer road
networks, bridge construction influences both cost and time of most road

networks.

The foregoing discussion illustrates that bridge engineers, as decision makers,
need to develop a resilient system where tacit knowledge is captured and
represented in a sound and structured framework to help them in the decision-
making process. It should establish common ground among relevant stakeholders
when choosing construction methods and provide justification for investing in

ong alternative over another in a fast way. It is also useful to view such a system



as part of a mechanism that evaluates different structural systems of concrete
bridges. It could also serve as a useful training tool for engineers who are not

familiar with the bridge construction industry.

1.3 AIM AND OBJECTIVES

The aim of the research is to investigate the factors involved in the selection of
construction methods for the superstructure of concrete bridges in Egypt, and to
develop an intelligent decision support system that is able effectively to evaluate
and recommend a suitable construction method for a given bridge design. The

specific objectives of the research are to:

¢ Review related work on the selection of alternative bridge construction
methods for a given situation, as well as the application of intelligent

decision making techniques to construction problems;

o Identify and investigate the criteria necessary for the evaluation of
alternative superstructure construction methods in Egypt and investigate

the situations under which different construction methods are used;

¢ Develop an intelligent decision support system to help bridge designers in
Egypt to decide on the most appropriate superstructure construction

method for a given bridge design; and
e Evaluate the developed system using real examples with industry experts.

The term “superstructure construction methods” refers to the formwork,
falsework, and scaffold necessary for the construction of the superstructure of

concrete bridges.



1.4 SUMMARY OF RESEARCH METHODOLOGY

Several methods have been adopted in order to achieve the research aim and
objectives. The details of these methods are included in Chapter 2. However, a

brief summary of the research methodology is provided here:

Literature review: An in-depth literature review has been performed on bridge
construction methods as well as on the use of decision making tools to solve
selection problems. The main reasons for the review were to understand the
nature of bridge construction industry and its characteristics, and to explore the
potential of using intelligent decision making in improving the selection of
bridge construction techniques. The review provided the main theoretical

framework for the research,

Semi-structured interviews: Sessions were conducted with selected experts in
order to obtain general recognition of the problem, to investigate the criteria
affecting the selection of construction methods, and to identify the construction
methods used in Egypt. It also helped in building awareness of this study among

professionals.

Card Sorting: Sessions were conducted with selected bridge professionals in

order to organize the identified criteria in a hierarchical form.

Questionnaires: Questionnaires were sent out and received from different
industry professionals in order to organize the identified criteria in order of

importance.

Structured interviews: Sessions were conducted with industry professionals in

order to understand the situations where the construction methods are used.



Process Tracing and Protocol Analysis: Sessions were conducted with a selected
bridge estimator in order to construct a cost model that calculates the cost of each

construction alternative.

Prototype development: The prototype system was developed using rapid
prototyping where a prototype was developed early and improvements were
made as early as possible to the system, based on feedback from experts and

industry practitioners.

Evaluation: Sessions were conducted with selected industry experts in order to
evaluate the system and assess its functionality and usability. The sessions
included demonstrating system outlines anﬂ presenting a case study being tackled
by the system. Each participant responded to an evaluation questionnaire that
covered the various facets of the system. Figure 1.2 illustrates the methods used

in order to fulfil research objectives.

1.5 GUIDE TO THESIS

The thesis is organized into eight chapters; the following represents a summary

of the contents of each chapter:

Chapter 1, Introduction: it gives a background to the research and justifies the
need for such research. It also contains a summary of the research methodology,

and a guide to thesis.

Chapter 2, Research Methodology: it reviews research philosophies and
approaches in general and emphasizes the methodology adopted for this research:
literature review, interviews, card sorting, process tracing and questionnaire

surveys. It also discusses the methodology adopted for the system development



and the evaluation process.

Chapter 3, Concrete Bridge Superstructure Construction Methods: it discusses

constructability issues, the characteristics of different stages of bridge projects,

and concrete bridge construction methods (emphasizing the methods used in

Egypt). The criteria for selecting construction methods are illustrated as well as

the issues related to construction in Egypt.
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Figure 1.2: Research objectives and methods

Chapter 4, Intelligent Decision Making: this chapter reviews decision making as

well as intelligent decision making techniques and the analytic hierarchy process.

It also discusses the various applications of intelligent decision making systems



in civil engineering.

Chapter 5, Knowledge Elicitation: this chapter presents and discusses the
knowledge elicited using different techniques including semi-structured
interviews, card sorting, questionnaires, structured interviews and process

tracing.

Chapter 6, System Development and Operation: here, the objectives and targeted
users are described as well as details of the system design, implementation, and

operation.

Chapter 7, Evaluation: the procedure for the system evaluation is presented here

as well as the analysis of the evaluation sessions.

Chapter 8, Conclusions and Recommendations:. the outcomes are discussed here
together with the limitations of the research. The chapter concludes with

recommendations for further work.
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CHAPTER 2: RESEARCH METHODOLOGY

2.1 INTRODUCTION

The Oxford English dictionary defines research as “The study of materials and
sources in order to establish facts and reach new conclusions”. The Chambers
English dictionary employs a scientific approach when defining research as
“Systematic investigation towards increasing the sum of knowledge”. This
chapter aims to be an orientation chapter where existing research methodologies
and those employed are addressed. Creswell (2003) suggests that researchers
need to embark on two main issues before conducting their research; firstly the
research philosophy, where the questions of how to capture knowledge and what
to capture are answered; secondly the research approach, where the specific
directions for procedures are identified as well as the techniques used for
knowledge acquisition. Whilst these issues are discussed in the first part of this

chapter, the second part explains the methodologies adopted in this research.

2.2 RESEARCH PHILOSOPHIES

Philosophical ideas or knowledge claims, according to Creswell (2003), remain
hidden in research as illustrated by Slife and Williams (1995). However, they
should be understood as they enable researchers to construct a comprehensive

view of their research methodology.

Scientific knowledge has evolved along three main themes: intellectual,
dialectical, and empirical. Intellectuals, led by Des Cartes, adopt pure reasoning

to develop scientific knowledge. Dialectics led by Plato, adopt trial and error in
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the form of thesis, antithesis and synthesis. Empiricists such as Kant adopt

observation and experimentation (Fellows and Liu, 1997).

More recently, four main schools of thoughts regarding research philosophy have
emerged as illustrated by Creswell (2003): postpositivism, constructivism,

advocacy or participatory, and pragmatism.,

In postpositivism the notion of absolute truth is abandoned to search for truer
knowledge as indicated by Myrdal (1969) especially in the sphere of the
behaviour and actions of humans. Konsowa (1998) poses an example of this
notion in science, as identified by the renowned physicist Heisenberg whilst
studying velocity and position of electrons, where he illustrated that our
interpretation of truth is constrained by our capabilities to comprehend it and
absolute truth can never be identified. In this approach data, evidence, objectivity
and rational considerations shape knowledge. The use of empirical observations
and measurements is evident in this philosophy. A quantitative approach is used

predominantly in this philosophy.

Constructivism refers to instances where individuals seek to understand the
world in which they live by developing subjective meanings of their experiences.
Ultimately, the aim of this philosophy is to understand and interpret the
meanings others have about the world in view of history and culture. The
advocacy philosophy started when it was understood that both postpositivism and
constructivism cannot adequately address the issues of social justice for
marginalised groups while advocacy can provide more help to researchers in this

field. Qualitative approach is used predominantly in these two philosophies.

Pragmatism or paradigm of choices, as indicated by Patton (1990), refers to

11



instances where knowledge arises out of actions, situations, and consequences
rather than being constrained by theories and principles, as is the case in
postpositivism. This approach is triggered by the fact that research always occurs

in social, economical, political and other contexts.

The next section will discuss research methodologies including qualitative,

quantitative and mixed methods and some of the associated methods of inquiry.

2.3 RESEARCH METHODOLOGIES

Research methodology is defined as “the application of scientific procedures
towards acquiring answers to a wide vartety of research questions” (Adams and
Schvaneveldt, 1985). It can also be defined as “The principles and procedures of
logical thought processes which are applied to a scientific investigation”
(Fellows and Liu, 1997). It appears that this term is characterised by
investigation, procedural framework, and systematic, with the aim of increasing

knowledge (Remenyi et al, 1998) and (Amaratunga et al, 2002).

2.3.1 Knowledge Acquisition

Knowledge acquisition is defined as “the process of extracting, structuring, and
organizing knowledge from one or more sources” as indicated by Turban and
Aronson (2001). Knowledge elicitation is part of knowledge acquisition and
refers to the process of eliciting and interpreting knowledge from experts
(Diaper, 1989). McGraw and Harbison-Briggs (1989) identify five main stages of
knowledge acquisition in the continuum of developing decision support systems:
identification, conceptualization, formalization, implementation and testing.

During the identification stage the problem is identified, and the aim and

12



objectives are formulated. This stage is mainly concerned with identifying the
problem characteristics. Throughout the conceptualization stage, the sources of
knowledge including literature and domain experts are investigated and the main
concepts are depicted and related. The Formalization stage involves organising
the recognized concepts and relations into a model that represents the problem.
The implementation stage involves developing the prototype decision support
system using the acquired knowledge. The final stage, evaluation, involves
testing and validating the prototype to determine its effectiveness in achieving
the aim and ;)bjectives identified in the first stage using an appropriate problem

set. The results are then used to revise the prototype.

2.3.2 Overview of Research Methodologies

There are three main research methodologies, or strategies of enquiry as
illustrated by Creswell (2003): qualitative, quantitative and mixed (sometimes

called hybrid). Each has its scope of applicability and characteristics.

From examining the continuum of scientific studies, it can be seen that natural
sciences reside at one end while social sciences reside at the other. Natural
science studies are interested in studying events and sequences of facts that are
considered as independent objective criteria by which the validity of scientific
statements are judged. Quantitative approaches are normally used in natural
science studies. At the other end of the scale, social sciences have ‘thinking
participants’ where the study is not constrained to facts but includes the
participants’ perceptions. In social sciences, qualitative approaches are normally
used. The separation between thoughts and events is a main characteristic in

social sciences (Love et al, 2002). However, along the continuum of scientific
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knowledge there is a wide variety of problems that have elements of both natural
sciences and social sciences such as problems associated with construction

management.

Love et al (2002) iltustrate that construction management (CM) problems have a
multidisciplinary nature and their research builds on theories that have been
developed in other disciplines besides engineering such as economy, sociology,
psychology and law. The inadequacy of qualitative and quantitative approaches
to deal with this kind of research has triggered a debate between CM academics
where it was suggested that CM research requires a mixed approach (Blackwood

et al, 1997) and (Holt and Faniran, 2000).

Amaratunga et al (2002) illustrate that, generally, the qualitative approach
recognizes the presence or absence of a given feature in a problem or situation
while the quantitative approach measures the extent to which this feature exists.
Mixed approaches combine both features. The next subsections will discuss

qualitative, quantitative and mixed approaches.

2.3.3 OQualitative Approach

This approach is predominantly used in the constructuvism research philosophy.
The qualitative approach enables the researcher to explore the problem without
being constrained by previously determined categories of analysis (Patton, 1990)
or framework (Fellows and Liu, 1997). It allows an in-depth and detailed
investigation of the problem by understanding and gathering data and
information. It concentrates on words and observations to express reality and
attempts to describe people in natural situations (Amaratunga et al, 2002).

Qualitative research is considered as a forerunner to the quantitative approach in
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instances where no theory or applicable framework exists (Fellows and Liu,

1997).

The emphasis of qualitative research on studying ordinary events in natural
settings enables it to provide a rich and holistic interpretation and great potential
to reveal complexities in contrast with the quantitative approach which may be
considered artificial, as it starts from a predetermined framework (Patton, 1990).
The qualitative approach emphasizes the role of the individuals’ experiences to
reveal meanings placed on occurrences and procedures. It can also describe and
explain situations and events in their local contexts. Furthermore, it can be used
to complement, validate or re-interpret quantitative data gathered from the same
settings {Amaratunga et al, 2002). Despite the fact that it is relatively easy for
researchers to start qualitative research, the analysis of the output is more

difficult when compared to the quantitative approach.

The qualitative approach employs certain strategies (Creswell, 2003) or styles as
defined by Fellows and Liu (1997). These include: ethnographic research, action

research and case studies, which are discussed in turn below.

2.3.3.1 Ethnographic research

Patton (1990) indicates that the principal question to be answered in this style is
to answer the question “what is the culture of this group of people?”. This style
has its roots in anthropology where the researcher normally constitutes part of a
cultural group being examined over a period of time with the aim of observing
their behaviour with central attention to the idea of culture (Fellows and Liu,
1997). Spradley (1979) illustrates that this approach normally utilises interviews,

documents and observations to collect data and results in a narrative descriptive
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output that includes charts, diagrams and other illustrations that help in
presenting and analysing data. The research process is resilient and evolves in
response to field realities. It offers a comprehensive in-depth understanding of
the underlying issues (Creswell, 2003). However the results are likely to be
affected by the researcher’s involvement in the group and the group is likely to
be influenced by his’her presence. Furthermore, Myers (1999) illustrates that it

takes constderable time to conduct when compared to other research approaches.

2.3.3.2 Action Research

Denzin and Lincoln (2000) define action research as a process in which action, in
the form of improvement, and research in the form of understanding, are
executed at the same time. In this style, the researcher is actively participating in
the research problem in order to suggest and test solutions to certain problems
{(Fellows and Liu, 1997). This method is practiced in real life by practitioners as
well as politicians embarking on the implementation of social changes (O'Brien,
1998). A notable example is when a consultant, due to his knowledge in the
problem area and his research expertise, is invited by a construction organisation

to solve a problem that requires his active participation.

This style provides flexibility and quick adaptation to rapid changes that
characterise real life problems. Action research provides the researcher with
hands-on experience and the ability to produce new hypothesis or to strengthen
existing ones. It can also diversify the research problem when used with other
methods (Patton, 1990). However, the researcher is often faced by the lack of
control over variables. The fact that this research is conducted to solve a

particular problem limits its scope of applicability.

16



2.3.3.3 Case studies research

Amaratunga and Baldry (2000) define this style as “a research strategy that
focuses on understanding the dynamics present within single settings where a
relatively intensive analysis is conducted of this single instance of the
phenomenon under investigation”. This analysis may involve a programme, an
event, an activity, a process or one or more individuals according to Creswell
(2003). Others, such as Yin (1994), emphasise that it takes place in the real life
context where the boundaries between phenomenon and context are not clearly
recognized. The information gathered using this style is rich and may sometimes

be used to prove the validity of certain conclusions resulting from other styles.

Despite the scepticism expressed by Shavelson and Townes (2002) of the ability
of this style to go beyond being used as a preliminary research strategy for
exploratory reasons, and by Fellows and Liu (1997) who consider it merely as a
means of obtaining data rather than a particular methodological approach in
itself, others have debated these conclusions. Yin (2003) explains that it can be
used beyond being an exploratory techmique to be both descriptive and
explanatory when it represents a unique or extreme circumstance, or when it
represents a typical sample of the population. Furthermore, Patton (1990) is of
the view that one major reason for using case studies is to evaluate outcormes.
Case studies offer rich and in-depth information and may be utilised as an
introduction to a subject of study that cannot be defined accurately or where no
other information exists upon which to base other forms of research

methodology.

The limited breadth of the case study usually poses doubts on its scope of
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application. The number of case studies utilised depends on availability, cost and
time. Thus the information gathered cannot be generalized without due

consideration.

2.3.4 Quantitative Approach

This approach is predominantly used by the postpositivism philosophy. The
quantitative approach follows the academic tradition in the natural sciences that
assumes that numbers can represent concepts and facts (Amaratunga et al, 2002).
It is used when it is possible to yield specific aim, objectives and hypotheses
through the study of theory {Fellows and Liu, 1997). Standardized measures are
utilised to include the different experiences of people in a limited predetermined
number of groups to which numbers are assigned (Patton, 1990). Procedures
employed in the quantitative approach usually search for distinguishing
characteristics, elemental properties and empirical boundaries and seek the
answers to the questions of “how much and how often” as expressed by Nau

(1995).

The main advantages of the quantitative approach in the view of Amaratunga et
al (2002) are that it ensures the independence of the observer from the research,
and it uses objective methods to infer conclusions rather than inferring
conclusions subjectively. However, it does not cater for the need to explore new
subjects that do not fall into any prior framework or theory. Creswell (2003)
identifies two main strategies of inquiry associated with quantitative research:

surveys and experiments.
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2.3.4.1 Surveys

This technique relies on statistical sampling whereby the selected sample is
considered to represent the population under study. This style is usually
conducted in instances yvhen it is required to answer the questions of “who, what,
where, how many and how much” with a focus on the contemporary events

without control over behavioural variables (Amaratunga ef al, 2002).

This style has three main advantages; it produces a quantitative description of the
required aspects of the study; it identifies the relationships between the study
variables, information is gathered mainly through asking respondents questions
followed by analysis of the responses (Pinsonneault and Kraeme, 1993).
However, this technique is not particularly cost or time effective and requires
considerable effort from the researcher and respondents especially when using
interviews. A low response rate is usually expected when using postal
questionnaires. There is also inherited bias and distortion in the answers given by
the respondents. Nevertheless, if this approach is used properly, it can prove to
be an excellent tool to elicit knowledge especially in the field of construction

management as suggested by Fellows and Liu (1997).

2.3.4.2 Experimental Research

Hicks (1982) defines this style as “A study in which certain independent
variables are manipulated, their effect on one or more dependent variables is
determined and the levels of these independent variables are assigned at random
to the experimental units in the study”. This style suits bounded problems or
issues in which the variables involved are known or at least can be assumed with

some confidence. The experiment is designed so as to isolate variables whereby
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the values of the independent variables are changed and their effect on the
isolated variables is momtored. This procedure is normally difficult when applied
to social sciences as rationalising behaviour through experimentation does not

cater for the process of thought (Fellows and Liu, 1997).

The major strength of this approach lies in its ability to determine precisely the
individual effect of each variable through controlling the other variables
involved. One major weakness is that the experiment may not represent the

population hence limiting the scope of its applicability.

2.3.5 Mixed Approach

Miles and Huberman (1994) describe this approach as “A way to achieve
findings by using different research methods and by squaring the findings with
others to be squared with”. Amaratunga et af (2002} define it as “the combination
of methodologies in the study of the same phenomenon where it is assumed that
the weakness in each method will be compensated by the counter balance of
strengths of another”. The inherited weaknesses and strengths involved in

quantitative and qualitative techniques are summarised in Table 2.1,

Creswell (2003) states that there are three main strategies in this research
approach: sequential procedures, concurrent procedures and transformative
procedures. In sequential procedures the research starts with a qualitative
approach followed by a quantitative approach or vice versa. The first sequence is
normally used for exploratory reasons when it is required to gain an
understanding of the people’s views of the problem or where the problem has no
definite framework that can be inferred from literature. It is then followed by a

quantitative approach with a representative sample in order to generalize
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results,

Table 2.1: Strengths and weaknesses of quantitative and qualitative approaches

(Amaratunga et al, 2002)

Quantitative
Approach

Strengths Weaknesses

¢ Covers wide range of » Inflexible and artificial
situations e [ imited effectiveness in
 Fast and economical understanding processes

e May be generalized when
analyzing representative
sample using statistics

e Generally objective

¢ Limited effectiveness in
understanding significance people
attach to actions

» Less effective in generating theories

o Less effective in understanding new
problems that can not be viewed
within prior framework or theory

¢ Requires use of standardized
measures

Qualitative
Approach

& More natural and flexible

¢ Effective in understanding
change processes over time

e Effective in understanding
meanings people attach to
actions

e Effective in adjusting to new
issues and ideas as they
emerge

* More effective in theory
generation

o Offers an in-depth and
detailed analysis

» Approaches field work
without being constrained by
predetermined categories of
analysis

e Data collection may require more
resources

¢ Analysis of data is generally more
difficult

¢ Harder to control the research
process

¢ Generally subjective

Alternatively, the study may start with a quantitative approach to test a

hypothesis or theory followed by a qualitative approach for detailed exploration.

In the concurrent procedures, both qualitative and quantitative approaches are

used simultaneously where the results complement each other. The researcher
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may nest one approach inside another involving larger data collection to search
for answers to specific research questions. Finally, the transformative procedure
is used when the researcher utilises the theoretical perspective as a means of
providing a framework for the research that contains both quantitative and

qualitative data gathering techniques.

A mixed approach may also be used as a mean of validating (i.e. triangulating)
research findings, Denzin (1978) distinguishes between four types of
triangulation; data triangulation, investigator triangulation, methodological
triangulation, and interdisciplinary triangulation. Data triangulation refers to
instances where data is gathered at different times or from different sources;
investigator triangulation refers to instances where different researchers
independently gather data on the same study and compare results;
interdisciplinary triangulation occurs where the research process is informed by
many disciplines; and methodological triangulation, where multiple methods of

data collection and analysis are used.

In the mixed approach, the researcher bases his/her knowledge claim on
pragmatic grounds where the problem in hand possesses central attention. The
nature of this approach is exploratory and is useful in instances when the

researcher does not know the important variables to examine (Creswell, 2003).

2.3.6 _Choice of a research approach

Creswell (2003) identifies three main considerations affecting the choice of a
research approach: the research problem, the personal experience of the
researcher, and the audience to which the research is addressed. Furthermore,

Neuman (2000) states that it also depends on the purpose of the study, and the
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type and availability of the information required.

Perhaps a more practical approach is identified by Patton (1990) who suggests
that it involves answering the following questions: “who is the information for
and who will use the findings?”; “what kinds of information are needed?”; “how
is the information to be used?”, “for what purposes is the research being done?”,
“when is the information needed?”, ‘what resources are available to conduct the
research?””. Upon answering these questions and taking into consideration the
chgracteristics of each approach a research methodology can be constructed.
Patton (1990) states that there is no right or wrong in choosing the research

methodology and it is considered as “the art of the possible”.

Amaratunga et al (2002) are of the view that the quality of any research is
determined by three main criteria: the extent to which research adds to the body
of knowledge, its reliability and validity. If the research is narrow with limited
applicability or the problem has limited direct bearing on the field, it is likely to
be less contributing to the body of knowledge in this field. Reliability is achieved
if the study procedures are free from errors and bias or, ultimately, if the same
procedures for the same problem are repeated, it will produce the same results.
Validity generally refers to the extent to which the model represents reality. Yin
(2003) divides validity into three types: construct validity, internal validity and
external validity. Construct validity is concerned with setting up the right
operations for the concepts under study. External validity refers to establishing
the area to which this study can be applied. Internal validity is concerned with
the ability to deduct causal relationships where certain conditions lead to others

and is generally used in explanatory studies. The choice of a research approach is
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coupled with studying the techniques that will be used in eliciting the required

knowledge.

2.3.7 Knowledge Elicitation Techniques

There are a number of knowledge elicitation techniques that can be used.
However, the following discussion will be limited to four relevant techniques,

which are: interviews, card sorting, questionnaire survey and process tracing.

2.3.7.1 Interviews

Gillham (2000b) defines an interview as a conversation where one person, the
interviewer, is seeking responses for a particular purpose from another person,
the interviewee. The knowledge 1s elicited through verbal interaction. Interviews
are convenient elicitation techniques when it is required to obtain conceptual
knowledge of the study area without being constrained to a predefined
framework or when an in-depth knowledge of some aspects of the study area is
required (Diaper, 1989). Although it is relatively easy for the researcher to start
his/her study by conducting interviews their analysis and reporting is difficult.
There are two main determinants that directly affect the successfill elicitation of
knowledge using this technique; the interviewee should possess the relevant
knowledge or have access to it; and the required knowledge can be verbalised. It
is also important that the knowledge engineer (i.e. researcher) has good
communication skills (Mcgraw and Harbison-Briggs, 1989). The interview
sessions are normally recorded using tape recorders or video cameras and

transcribed and analysed later.

The interview process consists normally of three main stages, development and
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piloting, setting up and travelling to and from interview location, transcribing
and analysing interviews. Although, the process is generally cost and time-
consuming, the researcher may adopt a few strategies to decrease cost including:
using telephones to conduct sessions although the process loses some quality due
to the absence of face-to-face interaction and/or the impatience of interviewees
especially in long phone calls; decreasing the number of interviewees to a
minimum; decreasing the length of the interview questions which decreases the
time consumed in conducting research and makes the interview process more

focused (Gillham, 2000b).

Diaper (1989} illustrates that there are three types of interviews; structured
interviews, semi-structured interviews and unstructured interviews. Structured
interviews are interviews in which the interviewer asks some questions in the
same words and in the same order in each session. The nature of questioning in
this type is closed questioning. It is also considered as a “systematic goal-
oriented process” as expressed by Wright and Ayton (1987). Semi-structured
interviews are used when there is a list of questions to be asked, but the order in
which they are covered and the words used to express them may vary from
session to session. They mostly make use of open-ended questions while seeking
for specific information. This type helps in maintaining both focus and breadth of
the information gathered. Unstructured interviews are designed to allow
interviewees to cover the required topics in their own way. It has the advantage
of being fast but is limited by the vagueness of the obtained information. In the
latter type the use of probes, to encourage interviewee to elaborate on the

information, and prompts, to change course of interview, is essential.
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There are two types of questions closed ended and open-ended. Closed ended
questions refer to those questions where the interviewee is offered answers to
choose from. They limit the ability of the interviewee to explain and are more
suitable in questionnaire surveys (Fowler, 1993). In open-ended questions, the

interviewee is totally free to answer and elaborate.

As questions are the main tool in communicating with the interviewee, their
successfill compilation is paramount. (Moser and Kalton, 1978) illustrate a few
guidelines in compiling good questions including how to avoid the following;
negative phrasing of questions; making questions ambiguous; using terms that
are not normally used by the interviewee; over exaggerated forms; phrasing
questions in a threatening or embarrassing manner;, questions leading to a

specific response; complex questions; and long questions.

There are other important aspects to the interview sesston of psychological
nature that should be considered by interviewer and are important to the
successful elicitation of knowledge including; facial expression, which should be
appropriate and responsive; eye contacts, where too much use of eye contact may
make interviewees feel embarrassed; head nods, when overdone may seem
unnatural; gestures, the use of suitable gestures may be appropriate in order to
express interest; physical proximity and contact, not being too close or too far
while conducting session; verbal dimension should be considered especially in
the use of voice tones and in listening rather than talking from the part of the

interviewer (Gillham, 2000b).

2.3.7.2 Card Sorting

Diaper (1989) defines sorting tasks as “Utilising elements of the domain to
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understand how the knowledge provider conceptualises the study area”. The
required knowledge may be elicited from the experts or taken after analysing the
domain area. According to Chi et al (1981) concept sorting, is a psychological
technique that is useful in organising conceptual knowledge characterising
problems and enables the researcher to comprehend the expert’s personal domain
organisation and abstract it into items that are organised in a tree-like or

hierarchical fashion (Gammack and Young, 1985).

McGraw and Harbison-Briggs (1989) consider the main stages involved in this
technique as: identifying the main criteria affecting the problem and the top level
main headings; each of the criteria contributing to the problem are written on
cards or on magnetic backed strips (if working with a magnetic board); the expert
is asked to organise cards under the main headings of the top level; they are then
asked to put them into further groups according to those that belong together
until the whole hierarchy is constructed. During the session the researcher
summarises the findings to stimulate discussions and further refinement. This
process is normally conducted over several sessions so as to allow the expert to

shuffle and combine concepts.

2.3.7.3 Questionnaire Survey

Adams and Schvaneveldt (1985) define questionnaires as “a list or grouping of
written questions which a respondent answers”. As questionnaires may be used
as an approach to generalize other findings, it is important that the responses
represent population. Adams and Schvaneveldt (1985) define sampling as the
process which enables a researcher from making estimates or generalizations

based on the knowledge elicited from part of the population. In essence, the
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process involves selecting the number of respondents that are thought to

represent the population,

According to Fellows and Liu (1997), the researcher should nommally expect a
low response rate, around 25-35%, when using questionnaires. Thus, the
questionnaires should be designed to ensure a high response rate as well as to
conduct a meaningful analysis. There are some guidelines recommended by
Creswell (2003), Fellows and Liu (1997) and Fowler (1993) which include; the
questions must be clear and easy to answer; they should be as short and concise
as possible and concise; simplicity is a key factor in phrasing questions;
questionnaires should be developed in a way that enables easy analysis of the

results,

Normally a pilot survey is conducted first with one or two respondents in order to
ensure that the questionnaires are understandable. A pilot survey is a process
whereby the questionnaire design is tested with the purpose of fulfilling the
following; ensure that the questions are ordered correctly; check that the
questions are understandable; check the need to add or eliminate any questions;

and finally check that the correct language has been used in the questions.

According to Gillham (2000a) and Suskie (1992) there are many advantages to
using questionnaires. These include: they are relatively of low cost and less time
consuming compared to interviews; information can be obtained from many
people relatively quickly; it is considered more flexible for the respondents who
can complete questionnaires at a time suitable to them or distribute it over time
after consulting other sources; the analysis of the results is easier and more

presentable; it sustains respondents anonymity; and is less biased due to the

28



absence of the researcher. The disadvantages of questionnaires are; the quality of
data may sometimes be questionable for many reasons including incompleteness
of questionnaires and misunderstanding of the questions by some respondents;
the structure of the questions and the wording used may affect answers; experts
are normally more comfortable when expressing knowledge by talking rather
than writing; a low response rate; questionnaires may be handed to others to
complete especially with busy professionals; the lack of face-to-face contact; and
less flexible for the respondents to express their answers. The latter disadvantage
can be overcome by providing space for comments in order to obtain insight
information. There are two main ways to send questionnaires (to respondents)

either by post or by e-mai! to respondents.

2.3.7.4 Process Tracing

McGraw and Harbison-Briggs (1989) define process tracing and protocol
analysis as “paired techniques that are used to allow the researcher to trace or
study the expert decision making process for a particular problem”. It is also
defined by Turban and Aronson (2001) as *“a technique to track the reasoning
process of the expert”. They enable the researcher to focus on the important
decision making elements of the task and to compile decision heuristics and
attributes. The effectiveness of using these techniques depend on two main
factors: completing the process of domain familiarisation and conceptualisation
prior to the start; and having follow-up interviews to clarify and refine results.
This technique is considered less interactive when compared to other techniques
such as interviews as the information generally flows from the expert to the

researcher. The decision making process is observed while the expert is
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presented with a specific problem. The information is generally recorded and

transcribed in the form of protocols or notes and then analysed.

This technique involves verbal interaction where two main approaches can be
used: concurrent verbalisation and retrospective verbalisation. In concurrent
verbalisation, the expert is required to finish the task and to explain the process at
the same time or to think aloud. The expert will talk while the researcher is
listening and recording. Discussions may take place whenever necessary thus
enabling accurate results. In retrospective verbalisation, the expert finishes the
task prior to discussing the activities involved. It is used when it is thought that
concurrent verbalisation will drastically affect the experts’ train of thoughts.
There are many approaches that can be adopted to conduct this technique
including environmental observation, constrained information, constrained
solutions, simulated and episodic scenarios. In environmental observation, the
researcher is required to observe the expert in the course of normal working,
noting major tasks, interaction with other personnel, primary decision
constraints, and required processing time. However, observation alone cannot
reveal the required information with regard to processes and decisions. The
constrained scenario is another technique where the expert is required to work
with a limited set of information whereby some of the important information may
be missing or with a restricted scenario. It is helpful to identify the most
important aspects of the process but may prove uncomfortable to the expert as
illustrated by Hoffman (1987). In constrained solutions, the expert is required to
remove or manipulate a pivotal variable. In simulated scenarios, the actual data is
used to form a task or a problem that has already been solved. In episodic

scenarios the tendency of an expert to use analogies to other problems or
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situations when confronted with a new problem is recorded. After finishing
sessions of process tracing, the recordings are transcribed and translated into
notes or protocols where the researcher traces the domain experts’ decision
process from problem presentation to problem solution (McGraw and Harbison-

Briggs, 1989).

24 THE METHODOLOGY ADOPTED FOR THE

RESEARCH

The knowledge required to fulfil the aim and objectives of this research has two
main sources: literature and bridge experts. These sources correspond to the two
main types of knowledge identified by Laudon and Laudon (1998), explicit and
implicit. Explicit knowledge is codified in books, journals, and other tangent
sources where literature review plays the main role. On the other hand, tacit
knowledge resides in the minds of experts and describes their perception of the
processes and procedures and offers contextual knowledge for the problem so as
to enable modelling of the decision process involved in selecting bridge
construction methods. The process of eliciting knowledge is not an easy task as
experts tend to be important and busy people, hence, it is vital that the methods
used minimise the time each expert spends off the job taking part in knowledge
elicitation sessions, and that it is efficient. The experts involved in this research
had many years of experience in the bridge industry and represent construction,

estimation, design and top management as will be indicated in Chapter 5.

According to Gammack and Young (1985) the nature of the elicited knowledge
is an important determinate in the selection of the suitable knowledge elicitation

technique. McGraw and Harbison-Briggs (1989) state that knowledge can be
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divided in terms of its nature into four main types: declarative, procedural,
semantic and episodic. Declarative knowledge represents the conscious
information that can be verbalised by the expert such as general heuristics. It
normally characterises the first stages of research and an interview is an efficient
technique in eliciting this knowledge. Procedural knowledge represents the know
how of procedures and routine tasks. Structured interviews, process tracing and
simulations can be used to elicit this knowledge. Semantic knowledge is used to
identify and organise major concepts and to identify decision making procedures
and heuristics that are unconsciously present, in the experts’ mind. Examples of
the techniques used are repertory grids, concept sorting, task analysis, and
process tracing. Episodic knowledge is organized by time and place of
occurrence and is generally experiential information. Examples of the techniques
used to elicit this type of knowledge are simulations and process tracing

(McGraw and Harbison-Briggs, 1989).

Diaper (1989) developed a matrix whereby the techniques are plotted against

knowledge type as mentioned in Table 2.2,

As stated in Chapter 1, the aim of this research is to investigate the factors
involved in the selection of construction methods for the superstructure of
concrete bridges in Egypt and to develop an intelligent decision support system
that is able to effectively evaluate and recommend a suitable construction method
for a given bridge design. In this research, the knowledge acquisition process
involved capturing and transforming knowledge from bridge experts into a
manageable form in order to develop a decision support system. It fulfils the

requirements of the second objective of this research, which was to identify and
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investigate the criteria necessary for the evaluation of alternative superstructure
construction methods in Egypt and to investigate the situations under which the

different construction methods are used.

Table 2.2: Characteristics of knowledge acquisttion methods (Diaper, 1989)
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2.4.1 Overview of Research Process

The research process has been divided into five main stages (see Figure 2.1). The
first stage was to identify the problem and to determine the aim and objectives.
The conceptualization stage involved reviewing relevant literature and
conducting semi-structured interviews in order to identify the criteria affecting
the choice of construction methods and to identify the construction methods used
in Egypt. The main characteristics of knowledge at this stage are: declarative,

factual and highly conceptual.
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Figure 2.1: Adopted research process

In the formalization stage, the card sorting technique was used to organize the

identified criteria into a hierarchical form; questionnaires were sent mainly to

generalise problem and to refine the identified hierarchy in a more concise and
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usable form; structured interviews with practitioners were used afterwards in
order to explore the experts’ perceptions of the conditions for using the various

construction methods.

The process tracing technique was used in order to construct the cost estimation
model for each of the construction methods where the knowledge is mainly
factual and highly procedural. In the implementation stage the decision support
system has been developed using rapid prototyping. Finally, the prototype was
evaluated during the development stage (i.e. formative evaluation) and at the end
of the development stage (i.e. summative evaluation). During the latter stage a
real life case study was presented to experts using the prototype to obtain their

opinions of the system, and the possible ways of improving it.

The research has adopted a mixed approach where both qualitative and
quantitative techniques were used interchangeably. A qualitative approach was
used at the beginning (e.g. using semi-structured interviews) in order to identify
criteria without being constrained to a specific framework, understand the
problem in the Egyptian context, and identify the construction methods used. The
qualitative approach was also used in later stages in order to obtain an in-depth
understanding of the conditions limiting use of the construction methods (e.g.
using structured interviews). On the other hand, the quantitative approach (e.g.
questionnaire survey) was used afterwards in order to generalise the problem and
to refine the identified hierarchy. The following sections will explain in detail the
different methods used in the knowledge acquisition in the research including
literature review, interviews, card sorting, questionnaires, and process tracing. It

will also illustrate the system development and evaluation stages.
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It can be seen that the research methodology adopted both the constructivism and
postpositivism philosophies where the qualitative approach used at the beginning
was a reflection of the first philosophy whilst the quantitative approach used in

later stages was a reflection of the second one.

2.4.2 Specific Research Methods Adopted

2.4.2.1 Literature Review

The literature review involved a thorough review of all the relevant material that
had a direct bearing on the topic. Greenfield (2001) specifies the reasons for
conducting a literature review as; to identify gaps in literature; to avoid tackling a
problem that has been solved successfully before; to build on other research
conclusions; to identify key authors and others working in the field; and to
identify methods relevant to the research. Furthermore, the literature review
enriches the researcher’s knowledge by introducing new information, ideas and
prospects. It also helps the researcher to put the research problem into
prospective (Rudestam and Newton, 2001). The review should start from the

more general and then focus on the specifics.

The literature review process adopted in this research was conducted along three
main dimensions which were to: identify research topic components, identify
sources of information; take notes and prepare a working bibliography. These

elements are going to be discussed in the following subsections.

2.4.2.2 Research Topic Components

There are three main components comprising the research problem: bridge

construction methods, decision making and research methodologies. The
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research required an identification of bridge construction methods used in the
superstructure, their characteristics, their technical aspects, and finally criteria
affecting their choice. The second component involved an understanding of
decision making by investigating the different techniques that can be used to deal
with the research problem, including their characteristics and limitations. The
different software that can be used to develop decision support systems have also
been reviewed. The third component was to investigate different research

methodologies so as to choose a suitable methodology for this rescarch.

2.4.2.3 Sources of Information

Having determined the main components of the research, each component
provided an area to secarch for information. According to Anderson and Poole
(1998), there are three main sources of information: primary, secondary and
tertiary. Primary sources include articles in professional joumnals, thesis and
specialised books, which constitute a first hand account of the original work.
Secondary sources include abstracts and reviews of other research works, while
tertiary sources generally provide an overview or limited information of the
study area such as textbooks. In searching for information, leading textbooks
have provided the framework while research papers provided in-depth updated

knowledge.

The starting point in this research was to search for abstracts in the relevant
databases such as Civil Engineering Abstracts and COMPENDEX using
appropriate keywords. Many of these databases offer weekly e-mail alerts for
new publications relevant to the keywords selected. Leading journals related to

bridges, construction, artificial intelligence, decision making and management
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were also consulted. The publications of leading organisations such as IABSE
(International Association of Bridges and Structural Engineers), American
Society of Civil Engineers (ASCE), and British Standards Institution (BSI)
amongst others were searched for documents related to subject area. Documents
produced by leading Egyptian companies such as The Arab Contractors (Osman
Ahmed Osman & Co.), General Nile Company for Roads and Bridges, Nasr
General Contracting Company (Hassan Allam), provided an overview of bridge
construction methods used in Egypt, as well as their construction procedures.
Acknowledged experts in the field were also asked to provide a list of

recommended readings.

In general, tertiary sources offered a good starting point that provided an
overview of the relevant fields together and a source for primary information
which were then critically reviewed. Methods or techniques of potential
applicability were sieved and scrutinized to determine the most appropriate ones.
Tertiary sources were consulted to provide an overall framework and to provide a

starting point in areas lacking primary or secondary sources of information.

2.4.2.4 Taking Notes and Preparing a Working Bibliography

Two main methods were used in taking notes; computers and index cards.
RefWorks software was used to record important information from books,
joumnals, internet and other sources. It enabled the researcher to include all the
publication details so as to produce a working bibliography. RefWorks includes
fields to record an abstract as well as notes extracted from information sources.
The data is stored in a central server where it can be accessed via the Internet.

The software also offers another component (Write-N-Cite) whereby all
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references are made available to extract the required information during the
writing up of a thesis. All references may be attributed a chapter number so that
relevant publications can only be cited during the writing of the corresponding

chapter.

Ideas and thoughts as they emerge were recorded on index cards and then coded
to the chapter number or research component. It was also used to take notes from
information sources when it was not possible to access the Internet during note-
taking. A working bibliography was prepared and presented in alphabetical order
and the final version is included at the end of the thesis.

2.4.3 Interviews

In this research semi-structured interviews and structured interviews were used.
Semi-structured interviews were used as the first stage in knowledge elicitation

for many reasons including:

1. To allow interviewees to express their views freely without being constrained
to any prior framework. Prompts were used to instigate interviewees to

elaborate on the elicited knowledge when necessary;

2. To obtain the knowledge related to criteria affecting choice of construction

methods in Egypt;
3. To identify the superstructure construction methods used in Egypt;
4, To understand the problem in the context of the bridge development process;
5. To increase awareness of bridge practitioners of the research project; and

6. To explore the willingness of industry practitioners to participate in later
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stages of the research.

At a later stage in the research, structured interviews were conducted to obtain
the conditions limiting the use of the construction techniques. The questions were
in a tabulated format and the respondents were asked to complete the table

during the interview session.

Prior to the interviews, the information required was identified based on the aim,
objectives and process of the research. The interview questions were prepared
and reviewed in order to ensure that they were free from any language errors and
that they covered the areas that needed to be studied. The interviewees were
contacted by phone and informed of the research aim and a general outline of the
issues that were to be discussed. The session time and place were then
confirmed. Prior to starting sessions the interviewees were asked to give
permission to record the sessions on a tape recorder and they were assured of the

confidentiality of the recordings.

The interview sessions consisted of three main phases: introductory phase,
during which the aim and objectives of the research were explained together with
an outline of the information required from the session; core stage, where the
main questions conceming criteria affecting choice of bridge construction
methods were explored; and closure, where the contents of the session were
summarized and the interviewees asked if they were willing to take part in
further stages of the research. The social element was obvious in the first and last

stages.

After analysing the semi-structured interviews, the card sorting technique was

used as discussed in the next section.
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2.44 Card Sorting

In this research, the criteria affecting choice of construction methods have been
elicited from the experts during the semi-structured interview sessions and
complemented with findings from literature. The card sorting sessions were
conducted in order to organise criteria in a hierarchical fashion that reflects the
inter-relationships between them. Each criterion was written on a small magnetic
backed strip and the participants were asked to organize the criteria under seven
main headings to start with. A magnetic board was used to organise the cards so
as to facilitate the sorting process. The result of this stage was the overall

hierarchy that represents the problem as shown in Figure 5.1.

2.4.5 Questionnaijre Survey

In this research, a questionnaire survey was used to generalise the problem and to
establish a wide industry perspective on the research problem. The respondents
were asked some questions related to their expertise and other questions to
express their views about certain aspects of the bridge industry. They were also
presented with the developed hierarchy resulting from the previous stage (i.e.
card sorting) and were asked to rank elements at each level in order of

importance.

As most of the respondents are based in Cairo, the questionnaires were delivered
by hand by the researcher himself or by a special messenger. In this way, the
respondents felt the importance of their answers to the questionnaires. Most of
the respondents were contacted by phone before sending the questionnaires. The
questionnaires were accompanied by a covering letter indicating the aim of the

research and at what university and ensuring utmost confidentiality of the
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responses. The respondents were selected carefully to represent the various
stakeholders in the industry, consultants, clients and general contractors. The
questionnaires were prepared in both English and Arabic languages to overcome
any language problems that may exist among some practitioners. The main result

of this stage was the refined hierarchy, which is shown in Figure 5.5.

2.4.6 Process Tracing

The protocol analysis technique was conducted in this research by asking an
experienced estimator, who had more than 15 years of experience in bridges, to
think aloud while tackling the problem of estimating the cost of a bridge using
each construction method. He was constrained to think in the continuum of the
final objective which is to compare these alternatives together as part of their
evaluation process. Many sessions were conducted where the results were written
in notes and were analysed by highlighting all concepts that were relevant to the
cost estimation process involved for each construction method and presented in
an MS Excel spreadsheet format. The results were then compiled and presented
to the estimator to validate and comment on. The results are presented in

Appendix E.

2.4,7 System Development

The knowledge acquired through various stages of the research was represented
hierarchically where criteria affecting choice of construction methods, the
construction methods used, as well as cost elements for each method have been
identified, in order to develop a decision support system. The system was

developed using rapid prototyping. Rapid prototyping is intended to save both
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the cost and time required in the development process. It recognises that design
guidelines alone cannot provide a good system from the very beginning. If the
implementation stage is left late in the development life cycle, more difficulty
and costs are imposed on the developer. There are three major stages involved in
rapid prototyping: design/redesign, prototyping, and evaluation. The prototype is
produced early and is subject to enhancement until the final usable product is

reached (Hix and Hartson, 1993).

In this research, after acquiring the required conceptual knowledge and
organising them, it was possible to start developing a simple prototype system
using MS Excel, MS Access and Expert Choice. A series of refinements took
place with the prototype being continually improved. Chapter 6 explains the

process of system development.

2.4.8 Evaluation

Hix and Hartson (1993) state that there are two kinds of evaluation: formative
evaluation and summative evaluation. In formative evaluation, the system is
evaluated during the development process. Summative evaluation is conducted
after the system has already been developed. The purpose of the evaluation
Vprocess is to ensure that the system is reliable (i.e. free from errors, and is

consistent), valid (i.e. produces meaningful results), and that it is user-friendly.

This research has adopted both evaluation approaches. The formative approach
was used to enhance user-interaction with the system and to ensure its reliability
and was performed in an iterative way during the system development process.
After finishing system implementation, a summative evaluation was performed.

During the summative evaluation, the system was demonstrated to several
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experts using a real life case study. The experts were required to evaluate the
system by completing an evaluation questionnaire. Chapter 7 is devoted to

explaining the evaluation process.

2.5 SUMMARY

This chapter has discussed basic philosophies, strategies of inquiry and
knowledge elicitation techniques. A constructivist stance was taken at the
beginning of the research methodology, where the qualitative approach was used
to elicit knowledge from experts so as not to constrain them to a predefined
framework in order to enrich the outcomes. Subsequently, a postpositivist stance
was taken where the quantitative approach was used to measure the intensity of
the knowledge elicited in the previous stage (construction methods criteria). The
research methodology adopted several methods to elicit knowledge including
interviews, card sorting, questionnaire survey and process tracing. A rapid
prototyping methodology was adopted for system development. The prototype
was evaluated in a summative and formative ways and the comments were
integrated to the prototype as will be discussed in Chapter 7. The next chapter
discusses the bridge development process in the context of bridge construction
and discusses the construction techniques used in the superstructure of concrete

bridges in Egypt.
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CHAPTER 3: CONCRETE BRIDGE

SUPERSTRUCTURE CONSTRUCTION

METHODS

3.1 INTRODUCTION

This chapter seeks to examine the stages involved in bridge development.
Preliminary design is discussed and some of the methods used to evaluate
designs are illustrated. The criteria affecting the evaluation process are
highlighted with special emphasis. on buildability, Methods used in the
construction of bridges are classified and outlined. The specific methods used in
bridge construction in Egypt are explained including: stationary systems
supported on the ground and on elevated platforms; cantilever construction using
one or two form travellers; advancing shoring system; using launching trusses to
erect precast beams; using cranes or heavy lifting to erect beams using
incremental launching system; and finally custom systems. The criteria affecting
construction methods are examined as well as some of the important issues
related to the construction industry in Egypt. The chapter concludes with a

summary.

3.2 DEFINITIONS

The following terms will be used in this chapter and their explanation is

presented hereafter in accordance with BS 6100: 1999 as follows:

1. Substructure: Part of a structure wholly or mainly below the level of the

adjoining ground or a given level. For the purposes of this research this
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“given level” is defined as the level of the bridge pier, abutment or pylon

supporting superstructure

2. Superstructure: Part of a structure above the substructure;

3. Formwork: A structure, either temporary or permanent, provided to contain
fresh concrete and support it in the required shape and size until it has

hardened;

4. Falsework: Any temporary structure used to support a permanent structure
while it is not self-supporting during construction work, modification or

demolition;

5. Scaffold: Temporary structure that provides access for operatives to

construction works and support for materials and equipment.

The term “Superstructure Construction Methods or Systems™ refers to the
formwork, falsework and scaffold necessary for the construction of the
superstructure using precast, cast in-situ, prestressed or reinforced concrete or

any combinations between them.

3.3 BRIDGE DEVELOPMENT STAGES

The traditional life cycle of construction projects normally consists of five main
phases: concept and feasibility studies (conceptual phase), detailed engineering,
procurement, construction, and start up and operation (Barrie and Paulson, 1992).
Ryall (2001), in describing the bridge life cycle, divides detailed engineering into
analysis and design where the detailed calculations, shop drawings and
specifications, and other documents required for construction are produced. He

also elaborates on operation and defines it as including operation, maintenance,
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and possible strengthening or widening of the bridge, and eventually demolition
or collapse. The synthesis of both views is illustrated in Figure 3.1. These phases
are not discrete but overlapping, and flow into one another organically (Khan,

1991 and Heisler, 1994).

Conceptual Phase

Detailed Design

Construction

Service and
Maintenance

Demolition/
Collapse

Figure 3.1: Bridge life cycle stages (Barrie and Paulson, 1992) and (Ryall, 2001)

Abdul Kadir (1996) synthesised the views of Signore (1985), Tatum (1987),
Khan (1991), Heisler (1994) and others, and expounded on the elements of the
conceptual phase as follows: conceptual design, outline design and preliminary
design; cost, finance and economics; statutory requirements; construction
methods; project needs; establishing project team; project general programme;
procurement of main items; and contractual relations with the parties involved.
The requirements for detail in the conceptual phase are more pronounced in civil
engineering projects when compared with buildings as illustrated by Latham

(1994),

Design starts early in the bridge life cycle. Troitsky (1994) illustrates that bridge
design can be divided into three main stages: scheme design, preliminary design,

and detailed design. Abdul Kadir (1996) adds one more stage at the beginning
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and calls it conceptual design. Accordingly, it can be said that the bridge design

process consists of four stages: conceptual design, scheme design (outline

design), preliminary design, and detailed design. The first three stages are

normally performed in the conceptual phase while the last one is normally a

stage on its own. These stages can be described as follows:

1.

3.

Conceptual design: the design reflects the owners’ broad requirements of the
bridge such as location, tentative length, number and width of traffic lanes
and sidewalks, utility requirements, required clearances for navigation or

traffic (Gab-allah, 1983).

Scheme design: a number of schemes are generated based on the imagination

and experience of the designer. Normally one or two schemes are selected.
Computers are of limited help at this stage due to the nature of this stage

(Troitsky, 1994).

Preliminary design: the selected schemes are subject to further study to
comprise competitive proposals. These proposals should be compared taking
into consideration relevant criteria to arrive at the best proposal (Troitsky,

1994).

Detailed design: the chosen alternative is studied in detail in order to produce

detailed drawings, specifications and other documents required for

construction, operation and maintenance of the bridge (Troitsky, 1994).

During preliminary design, many influential decisions, including the choice of

the appropriate construction method, are made and it is considered pivotal in the

bridge life cycle (Troitsky, 1994). Accordingly, the preliminary design stage will

be examined in the following section due to its relevance to the research
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problem.

3.4 PRELIMINARY DESIGN

During this stage, the selected scheme or schemes are investigated in a way that
permits the compilation of a number of detailed alternatives for each scheme.
The details of each alternative include: material, foundation type and size, span
size and number, type and size of supports and construction method (Liebenberg,

1992).

The decision maker compares alternative designs in order to arrive at the most
appropriate solution. Walter and Scalzi (1976) suggest thrce main criteria to
evaluate design alternatives: economy, functional requirements, construction
requirements and design requirements. Bindra and Bindra (1976) extend this list
to include: nature of obstacle to be crossed, foundation conditions, climatic
conditions, availability of construction materials and any other strategic
considerations. However, Pritchard (1992) highlights the significance of the
other phases in the bridge life drawing particular attention to the escalating cost

of maintenance noted in the USA and UK over the last two decades.

Liebenberg (1992) and Troitsky (1994) argue that the evaluation problem may be
solved by integrating criteria together into an objective function and optimizing
it. The parameters of this function should be determined and agreed upon by the

project team. This view is discussed further in the following sections.

3.4.1 Quality Index

Troitsky (1994) attempted to rationalize the selection process by arguing that it is

possible to construct a quality index for any bridge U as a function of the
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parameters x, y, z,.., Which represent the criteria involved, such as span size, type

of foundation, span construction, etc. The quality function can be defined as:
U=u(x,y,z,..)

Mathematically, it is necessary to find the limits of this function. It is possible to

find corresponding values of parameters x, y, z , from the equations:

S0, g%
oy

®|®

oz

However, pure mathematics cannot yreld a solution because quality indexes
cannot be expressed algebraically as the majority of parameters change in quality
from one alternative to another. The rationale of these equations is in the
influence of each parameter to change quality indexes of the structure.
Accordingly, in order to construct the first equation, an increase in the parameter
x =1Ax is made several times (at least three times) whilst maintaining the same
values of y & z and monitoring the changg in Au until it changes in sign. This
should correspond to the limit of the function U/ . The same procedure should be

repeated for % =0 andgy- =0. These equations will have to be solved together
z

to obtain the solution.

Practically, this rationale can be adopted in the following example (Troitsky,

1994):
1. A bridge system and material from the scheme design is chosen;

2. The remaining parameters, (such as foundation type, supports and span

construction) are considered unknown and should be determined;
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The parameter with the highest impact on the quality index, such as type of
foundation (i.e. if not already defined by geological perquisites), should be
chosen and changed whilst fixing the other parameters to obtain the first

alternative;

. The type of foundation is changed to obtain a second alternative and the two
alternatives are compared, If the second alternative is better then a third one
is investigated and compared to the second alternative. If the third altemative

is worse then the second alternative is chosen;

. The resulting alternative from point 4 is chosen and used to change another
influential parameter such as span size by assuming a suitable size of the
span whilst fixing other parameters to obtain the first alternative. The span is
changed to obtain a second alternative and the two should be compared. If the
second alternative is better a third alternative should be investigated as

described in point (4);

. The resulting alternative in point (5) is chosen and it is now required to
determine a suitable construction system. Whilst changing the construction
system the results are observed until the best construction system is reached

in the manner explained before;

. These stages are repeated for another scheme design (if available). Finally,
the outcomes of both schemes are compared to arrive at the best one. The

process is illustrated schematically in Figure 3.2.

The alternatives are compared considering technical and economical parameters

in order to find the optimum solution for the local site conditions (Troitsky,
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1999).

Quality Index
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Figure 3.2: Methodology of preliminary design (Troitsky, 1994)

52



3.4.2 Structural Utility

The concept of structural utility can be traced back to Freudenthal (1961) and
others. The main aim is to achieve optimal structural reliability by maximizing
effectiveness expressed in terms of an objective function (utility function linear
with money). The attempt to create such a function is illustrated by Liebenberg

(1992) as follows:

Structural Utility = B-C,

=B-(C,+E,)

= B—(C,+C,)- 3 (SuxB,) - Y (U, x By)
Where:

B = expected present value of the benefits resulting from the bridge existence

C, = total capitalized costs

C, = capitalized prime costs

E, = expectation of damage

C; =inttial cost (including construction cost)

C,, =capitalized normal maintenance costs

S,, = capitalized cost of damage due to noncompliance with serviceability criteria
P, = probability of exceeding a serviceability limit state

Z P8, = risk of exceeding a serviceability limit state
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U, = captialised cost of reaching an ultimate limit state
P, = probability of reaching an ultimate limit state
Z p,U, =risk of reaching an ultimate limit state

The prelimina;'y design process starts by studying the brief and compiling few
schemes. These schemes are compared together in order to select one scheme.
This is followed by selecting the construction material and assuming member
sizes. If the design fulfils the requirements of serviceability and strength, the
material is changed to obtain m number of alternatives. The structural system is
also changed to obtain n number of alternatives. If the alternative does not fulfil
the requirements of serviceability and strength then member sizes should be
changed. The structural utility for mxn alternatives is assessed in order to arrive

at the optimal design. This process is illustrated in Figure 3.3.

3.4.3 Discussion

There are some shortcomings in the quality index and utility function. Troitsky
(1994), states that theoretically changing one parameter in the quality index may
change the others as well. For example, if the type of construction of the span
raises doubts about the correct choice of the span size, it is necessary to
determine span size again using the new type of construction. Accordingly,
checking should be continued by the method of successive approximations. This
error is possible because the initial values of the parameters are not arbitrary but
based on practice. In that sense the order of investigating parameters should go
from the most important to the least important in order to decrease chances of

€rror.
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Figure 3.3: Bridge structural design process (Liebenberg, 1992)

On the other hand, Liebenberg (1992) states that the utility equation contains
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values that are difficult to quantify due to their subjective nature. Furthermore,
both methods do not provide an integrative view in choosing alternatives.
Accordingly it is extremely difficult to investigate the sensitivity of the
alternatives to the criteria. Liebenberg (1992) highlighted that it is important to
develop tools that would rationalize this decision making process and help in
assessing both subjective and objective criteria. Traditionally, the inability to
quantify and integrate both subjective and objective criteria has led practitioners
to emphasize quantifiable criteria with less attention to subjective criteria (Lopes

and Flavell, 1998).

Acknowledging this problem, Raina (1991) and Pritchard (1992), proposed using
a weighted average method to evaluate design proposals. The mulicriteria
approach is promising although this particular method has inherited problems

and may produce misleading results, as indicated by Vincke (1992).

The preliminary design problem may be decomposed as illustrated in Figure 3.4.
The extent to which a proposed design is buildable, durable, maintainable,
aesthetically pleasing and cost effective are considered part of the measures that
determine its effectiveness. Buildability examines some of the issues related to
the bridge development process including the choice of the construction method

and will be discussed in the next section.

Appropriate Design q%
4

[EORREASURORIIN [ L .

Design Design ! Design |

A Iternative (1) Alternative (3) :Altemative (n);

——l] it ZVZEITE 4
C 1 T T T Pp— -
Buildability Durability Maintainability, Acgsthetics Cost : Criteria (n) 1

Figure 3.4: Proposed decomposition of preliminary design
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3.5 BUILDABILITY

The importance of the early phases in project development is widely recognised.
Kolltveit and Gr@nhaug (2004) tllustrate that this importance stems from the fact
that most of the technical concepts are developed during this phase. In terms of
functionality, any mistakes will be present for the life of the project and possibly
for the life of the structure (Jump, 1992). In terms of cost, it has the highest
impact on the total cost as indicated by Evbuomwan and Anumba (1996}, Bishop
(1996) and Panlson (1995). Figure 3.5 illustrates that the ability to influence

project cost diminishes as one goes along a project's life cycle.

Feasibility
A
S { Conceptual Design |
@
s Detailed Design |
=1
[
) v
=
<
Post Construction
Start Ennrap!etion

Time

Figure 3.5: Ability to influence cost with time during different phases of bridge

projects (Griffith and Sidwell, 1997)

The impact of integrating both design and construction as early as possible can
be traced back to Banwell (1964) who .acknowledged that under traditional
contracts the contractor is normally absent from the design stage whereas his/her
expertise and knowledge are valuable. This view has been further asserted by
Tatum (1987), Eldin (1988), and CIRIA (1996) who illustrate that the early

consideration of construction knowledge is undoubtedly crucial to achieve bridge
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projects objectives, such as cost minimization, timely completion and ease of
construction. The process of integrating construction knowledge in the design
process is referred to as “Buildability” and can be defined as “the extent to which
the design of a project facilitates ease of construction, allowing the most efficient
and economic use of resources, subject to the overall requirements for the
completed project” (CIRIA, 1996) and (ICE, 1995). In the USA another term is
used: “Constructability”, which addresses wider issues during conceptual

planning, engineering and procurement, and field operation (Tatum, 1987).

CIRIA (1996) identifies a number of issues that affect buildability in bridges,
which should be taken into consideration during early design: health and safety,
site investigation, integral construction, bridge geometry, standardisation of
details, aesthetics, innovation, existing structures, traffic management,
tolerances, and applications and method of construction. Designers must address
safety issues resulting from the construction process such as the provision of safe
accesses. The accuracy of geotechnical information is important to minimize
changes in design, as well as construction, after starting the construction process.
The integration of the structure decreases the number of joints thus improving
durability and maintainability of the bridge. Simplicity is of essence in bridge
geometry where unnecessary curves, skews, variations in super-elevation and
non-uniform concrete shapes should be avoided. Despite apparent savings in
material due to the latter reason, the cost of construction may increase.
Standardisation of details and preassembly of structural elements are important
aspects in decreasing cost and improving quality. Aesthetics is an important
factor and emphasis is placed on the importance of incorporating any

architectural features with the structure. Constraints dictated by neighbouring
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structures must be catered for during design. Traffic management requirements
are important as they affect the public and they may impose constraints on the
construction methods used. Tolerances in construction should be reasonably set
and clearly defined in order to eliminate possible conflicts between the
constructor and the Engineer. A viable construction method is an integral part of
any bridge design. The designer should assume the construction method, as well
as its sequence and illustrate them on drawings. He/she should also state any
special constraints that would be imposed on the use of any altemative

construction method.

Unlike many structures, bridges cannot be designed until the construction system
has been selected (Gab-Allah, 1983). This is especially true for the foundations
and superstructure. In bridge projects, design normally proceeds on the basis of a
particular construction method. The need for cohesion between construction

method and design of the superstructure is reflected in the following facts:

1. There are a number of instances, as in the case of free cantilever method,
where the design is radically affected by construction stages. For example,
the arrangement of prestressed cables is designed to cater for the cantilever
behaviour of the structure during construction as well as continuity under

service load.

2. Construction methods may apply temporary loads on the bridge
superstructure due to their constituent components and any construction
equipment. These loads are normally considerable (i.e. around 200 metric
tons in the case of advancing shoring system) and this needs to be taken into

consideration during design.
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3. Construction methods affect the initial bridge cost; in some instances it was
observed that the cost of procuring some of these systems in Egypt (i.e.
excluding manpower and operation) was around 13% of the total bridge

construction cost.

4. Some of the systems may require modification of the permanent structure. In
the advancing shoring system where support brackets are necessary, two
recesses in bridge columns of considerable size have to be incorporated and
the design should take account of that. Some types of launching girder
system require enough area above the piers to support trusses. CIRIA (1996)
illustrates an example where permanent foundations are extended to
accommodate temporary falsework. Tatum (1987) highlights that its effect on

the project plans and site layout is significant.

5. Anderson et al (1999) state that under the traditional contract procedures, the
design is usually completely finished by the time the contractor enters the

project.

The importance of fusing construction methods to the design process of bridges
is also emphasized by many including: Liebenberg (1992), Troitsky (1994),
Raina (1991), Duan (2003) and Pritchard (1992). The cohesion between design
and construction is important and in many cases, as seen above, is mandatory.
The next section discusses methods used in the construction of the superstructure

of concrete bridges.
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3.6 CONCRETE BRIDGE SUPERSTRUCTURE

CONSTRUCTION METHODS

3.6.1 Introduction

Liebenberg (1992) suggests that concrete bridges can be classified in terms of the
materials used in construction, functional purposes, primary structural system,
and method of construction. The materials used in construction are reinforced
concrete, prestressed concrete, or composite. The functional purposes of bridges
can be classified in terms of type of traffic (e.g. class of highway, railway, airport
runway and cycle or pedestrian), the type of pipeline or conveyor and the nature
of obstacle to be crossed (e.g. rivers, roadways, railway lines and deep gorges).
Despite numerous variations in bridge structural systems they can be broadly
classified into four main groups in terms of their primary structural system as

follows:

A- Slabs, grids, beams, girders, cantilevers and frames at which bending,

torsion and shear forces predominate;

B- Trusses and related types at which either compressive or tensile forces
predominate;

C- Arches and related types where compressive forces predominate;

D- Cable-suspended structures, cable stayed and suspended bridges at which
the tensile cables (i.e. linked to pylons) work together with the deck
structural system to form the main supporting system.

Another type of classification is according to the construction method used and is
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explained in the following sections.

3.6.2 C(lassification of Concrete Bridee Superstructure Construction

Systems

There is a2 wide range of methods used for the construction of the superstructure
of concrete bridges. As new materials, equipment and ideas are developed,
construction techniques become more and more varied. Tang (1984) illustrates
that these methods include: using falsework in construction, free cantilever
construction, span wise construction, and incremental launching. Raina (1988)
adds crane erection, jacking or counter weighting and cable erection. However,
Liebenberg (1992) adopts a comprehensive generic classification in which these
systems are classified into four broad categories: on centering systems,
horizontal incremental launching, cantilevering from previous sections, and
vertical hoisting, lifting, and jacking. However, it is important to add another
category to cater for other combinations (i.e. custom systems). Cast in-situ
concrete, precast concrete, or a combination may be used depending on the
system used. Reinforced concrete, prestressed concrete or composite concrete
may also be used depending on the technique utilised. The synthesis of these

views is illustrated in Figure 3.6.

On centering systems are mainly composed of stationary systems and travelling
systems. In stationary systems the system is dismantled after finishing and
transported to the next span. Proprietary standardized steel or aluminium sections
are generally used. On the other hand, travelling systems roll over on the ground
or over brackets fixed to bridge piers where no or limited dismantling is required.

Both systems are either supported directly on the ground, bridge piers or
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brackets. Examples of these systems are advancing shoring system for cast in-

situ concrete and launching girders systems. In the incremental launching method

the bridge is constructed in segments and then pushed forward into position. In

the free cantilever method the bridge is constructed in segments where every

segment is supported on the previously finished one. This method is used for

prestressed concrete, either cast in-situ or precast. In hoisting or lifting, cranes

are used to place the superstructure in position. Heavy lifting using hydraulic

jacks is also a possible solution. Custom systems refer to instances where

combinations of the aforementioned methods are used. These include other

innovative techniques that cannot be categorized under any of the conventional

methods,
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Basha and Gab-Allah (1991) state that the construction methods used in Egypt
are: precast concrete girders erected using launching girders, incremental
launching, cast in place free cantilever, precast segmental free cantilever, precast
segmental on falsework, cast-in-place reinforced or prestressed concrete on

falsework.

The knowledge acquired in this research suggests that precast segmental free
cantilever and precast segmental on falsework have yet to be used in Egypt. The
authors may have included the first because of the New Benha Bridge that was
intended to be constructed using this technique but was finally constructed using

cast in-situ cantilever construction.

Based on the findings of this research, construction methods used in Egypt can
be summarized as follows: stationary systems either directly supported on the
ground with full occupancy of the ground or by creating an elevated platform
with no or limited occupancy of the ground; advancing shoring system; erecting
precast prestressed beams using launching trusses, heavy lifting or cranes;
horizontal incremental launching; cast in-situ free cantilever construction using
two travellers; cast in-situ free cantilever construction using one traveller and
stationary formwork on the other side. These methods are also illustrated in
Figure 3.6. It should be noted that some of these methods may have been used
slightly differently in Egypt. However, this variation occurs in some of the
details and does not affect the overall concept. The mentioned details are the

most commonly used in Egypt.

The choice of a suitable system among those mentioned above for a given design

is the focus of this research, hence they are discussed below. Each method is
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described with respect to three main dimensions: main components, scope of

application and characteristics, and construction sequence.

3.6.3 Stationary System Supported on Ground

This system nommally requires full occupancy of the ground. It is the most
commonly used method in Egypt and throughout the world. In the early days,
timber was the main material used in construction. Nowadays, it is used for
formwork only, whilst rarely, as in the case of very small bridges as illustrated by

Gaballah (1983), as falsework for bridges’ superstructure.

3.6.3.1 Main Components

The trend now is to use proprietary standardized elements for falsework,
formwork and scaffolds. Although many systems have been used including,
PERI and ACROW, the latter remains the most commonly used in Egypt. The
main components of which are shorebraces, bracings, props, tilt up shores, U-
Forms, wedges, steel angles, etc. It may be possible to combine one system of
falsework with another of formwork as in Suez Canal Bridge, East Portion where
the ACROW system was used for falsework while the Peri system was used for
formwork. Figure 3.7 illustrates some of the elements used in falsework while

Figure 3.8 illustrates it in use,

3.6.3.2 Scope of application and characteristics

Bridge physical characteristics

This method can accommodate any deck curvature and most cross sectional

shapes including box section, slabs, slab and beams. It can be used for any type
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of concrete and fits well with complicated configurations (Tang, 1984). It is
preferred in moderate heights above ground of around 10m (Liebenberg, 1992).
It has been used for span lengths of up to 300m according to Liebenberg (1992),

although it is more effective for short spans (Tang, 1984).

y T

Figure 3.7: Main Shorebrace elements used in ACROW system (ACROW Misr,

1995)

Figure 3.8: ACROW system used in Construction (ACROW Misr, 1995)

Surrounding environment and site conditions

This method requires full accessibility to ground to allow system erection and
dismantling. There should not be any obstacles on the ground to hinder system

erection, and the ground should be able to sustain loads transmitted by falsework
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and without much variation in level. Cranes are generally used to help during

erection. This method may not be preferred in crowded areas.

Construction method characteristics

It takes relatively more time per span when compared with other methods due to
its dependence on labour although it does not require skilled labourers
(Liebenberg, 1992). There are almost no loads generated by this method that
would affect the design of the permanent structure. It is durable and suitable for
reuse, if made of steel or aluminium. Deflection occurs due to strains in system
elements and soil settlement and this should be calculated with sufficient
accuracy to prevent cracks resulting in the fresh concrete. The cost is relatively

small, especially if used in many projects.

3.6.3.3 Construction Sequence

Firstly, the ground should be prepared to accommodate loads, usually using
concrete blinding or by simply placing timber under shorebraces legs. Some
clearing, grubbing and levelling may be required as well. Falsework is normally
constructed in small towers constituted by the proprietary system elements and
connected together using pipes, connectors and cross bracings. Normally the
final element in the falsework is used to adjust the levels of the formwork. The
levels should be adjusted to cater for the deflections that will occur due to the
soil and falsework (i.e. by creating camber). Normally timber is placed over
shorebrace elements so as to provide support for the formwork. After erecting
formwork, steel reinforcement and prestressed cables (if used) are fixed. In the

case of box sections which are commonly used in Egypt, it is normally concreted
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in two stages, bottom slab and webs then top slab. After striking the inner
formwork for webs, the falsework and formwork for the top slab are erected and
steel reinforcement and prestressed cables (i.e. if used) are fixed before
concreting takes place. After concrete gains the required strength, the system is
dismantled and transported to another span and the same cycle is repeated, as

illustrated in Figure 3.9.

Figure 3.9: Falsework components during striking (The Arab Contractors, 2000)

3.6.4 Stationary System Using An Elevated Platform

In this method an elevated platform is created and supported either on Bailey
towers, with limited occupancy of the ground, or on brackets attached to bridge
piers. The platform may be totally assembled on the ground and then lifted into

position or assembled in position.

3.6.4.1 Main Components

The main components used in this method are pier brackets or Bailey units, steel
beams, falsework, and formwork. Bailey units were developed by Sir. Donald
Bailey during World War Il and were used successfully to construct temporary

bridges in order to enable machinery and troops to cross obstacles (Harpur,
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1991). This system is widely used in Egypt, and the elementary unit used is

illustrated in Figure 3.10.

being carried

Figure 3.10: Typical Bailey panel being carried (Harpur, 1991)

3.6.4.2 Scope of application and characteristics

Bridge Physical Characteristics

This method is used for any deck cross section and for any curvature. It can be
used for any span length provided that intermediate Bailey towers are provided
every 20-25m, and can be used for heights of up to 25m and for any type of

concrete.

Surrounding environment and site conditions

This method requires access so as to allow system erection and dismantling. It
can be used to cross obstacles of limited width such as railway lines, roads, small
canals, etc. Ground conditions should be able to sustain loads transmitted by
Bailey units, otherwise temporary footings may be required. It can accommodate
variations in the ground topography. This method generally results in less

interference with the public compared with the previous one.
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Construction method characteristics

This method does not create considerable loads that would affect the permanent
structure, except in the case of brackets. It requires skilled labourers for assembly
on the ground and cranes to erect them. Their low cost enables most contractors
to adopt them in different projects, although brackets may be expensive due to
the cost of manufacturing. They are generally durable and suitable for reuse
several times. The time required for construction is less compared with the

previous method.

3.6.4.3 Construction Sequence

The construction sequence depends on the method used. In the case where Bailey
panels are used to create an elevated platform, the units are assembled in a
horizontal or vertical fashion, as required. There are special pins and angles to
connect panels together, and the arrangement of the assembled panels depends on
the straining actions resulting from loads transmitted by the falsework and
formwork. The analysis of the loads is done in conjunction with the design
manual offered by Sir Donald Bailey, which illustrates the proper arrangement of
units to resist applied loads. Figure 3.11 shows a horizontal application of the
Bailey panels. They were used to cross a small waterway. Two small strip
footings were constructed to support the Bailey panels. The formwork and

falsework are supported on the Bailey panels.

Figure 3.12 illustrates the Bailey panels arranged in a vertical manner at which

they are supported on the foundations of the permanent structure.
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Figure 3.11: Horizontal application of Bailey panels (The Arab Contractors,

2004)

Figure 3.12: Vertical application of Bailey panels (The Arab Contractors, 1991)
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3.6.5 Cantilever Construction by In-situ Concreting Using Two_Form
Travellers (Concreting Carriages)

In this method the superstructure is constructed in segments using two form

travellers one at each end of the bridge superstructure.

3.6.5.1 Main Components

The form travellers consist of formwork suspended from a steel frame and
carried by the portion of the deck already built (Mathivat, 1979). The steel
frames are connected together using two transversal beams (i.e. front and rear
mirrors). They may be located under or over the bridge top flange, although the
latter is more commonly used in Egypt. The formwork of top slab, bottom slab
and access platforms are suspeﬁded by the transversal beams using high strength
tensile bars, as illustrated in Figure 3.13. Auxiliary bridges may also be used to
provide access between cantilevers and temporary intermediate supports may
also be used to limit cantilever moments. The travellers are fixed at the rear by
means of high strength tensile bars. The main components of the most commonly

used form travellers in Egypt are illustrated in Figures 3.13, 3.14 and 3.15.

3.6.5.2 Scope of application and characteristics

Bridge physical characteristics

The box section is used widely in cantilever construction, except in rare
circumstances, as indicated by (Mathivat, 1979). This method may accommodate
limited horizontal curvature depending on the deck's radius of curvature and
segment length. It can be used for any height of the superstructure above ground

provided that it satisfies the minimum clearance required for erecting form
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travellers.
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Figure 3.13: Longitudinal section showing components of form traveller (The

Arab Contractors Bridge Manual, 1996a)
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Figure 3.14: Front Mirror (The Arab Contractors Bridge Manual, 1996a)
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Figure 3.15: Rear mirror (The Arab Contractors Bridge manual, 1996a)

The span length can be up to 240m and it is optimally used for spans ranging
between 50-150m as indicated by Mathivat (1979). It is used for prestressed

concrete precast or cast in-situ and the latter type has been used in Egypt.

Surrounding environment and site conditions

This method is used mainly when there are obstacles on the ground. It has been
used successfully in many bridges over the Nile in Egypt. It can be used
regardless of the ground condition. Cranes are required to erect and dismantle

form travellers and during operation.

Construction method characteristics

The bridge is executed in segments, as illustrated earlier. The length of each

segment usually ranges between 3-5m (Liebnberg, 1992). The system is integral,

74



in the sense that it requires limited help from other equipment except for
handling construction material, erection and dismantling. This method can be
classified as machine intensive, thus it is relatively expensive and requires high
initial investment. The travellers can be used several times for similar jobs after
modification. The precision required in this method mandates using highly
skilled labour. It is obvious that the construction stages have a direct bearing on

design.

3.6.5.3 Common Construction Sequence

Construction starts from bridge piers to the cantilever ends as follows:

1. Stage (1); the first section of the bridge superstructure is constructed, usually
called stump or springing according to Mathivat (1979), denoted by 0 as
illustrated in Figure 3.16. The length of the stump usually ranges between
10m and 15m and there are a number of methods used in constructing stump

such as:

Stage (1)

Figure 3.16: Constructing the stump (Mathivat, 1979)
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A- Using stationary falsework and formwork as illustrated in Section

3.63

B- Bailey panels may be used to support falsework and formwork. They

are supported on the pilecap as illustrated earlier in Figures 3.12 and

now in Figure 3.17,

Superstructure:

Formwork
Units
[ 1 l_‘—"'71»uhlo I beam I
Angle, <>
Typical Belly
<> Bridge Unit
Sea. (A-A)

v

I

Pila cap surface

:W////////////////;

Figure 3.17: Bailey Panels Used in the Construction of the Stump (The Arab

Contractors, 1991)

C- Steel brackets may be fixed to bridge piers to provide support to the

falsework and formwork of the stump as illustrated in Figure 3.18

D- In some instances temporary foundations on a limited number of piles

may be used so as to act as supports to Bailey panels.
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Figure 3.18: Finished Stump Using Steel Brackets (The Arab Contractors, 1996a)

2. The form travellers are erected on both sides of the stump and moved
progressively. Steel reinforcement and prestressing ducts are installed for
each segment. The segment is concreted and after concrete gains the required
strength prestressing cables are stressed and the form travellers move to stage
(3). As construction proceeds, the continuity cables are inserted progressively
and stressed across segments. The work proceeds symmetrically from both
ends of the cantilever to ensure balance as illustrated in Figure 3.19. In
instances where the superstructure is not symmetrical, segment lengths may
vary to control balancing moments, otherwise temporary supports are used.

The process is repeated until both cantilevers finish.
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Figure 3.19: Stages 2, 3 and 4 (Mathivat, 1979)

3. One of the two form travellers is dismantled and the other one advances to

support the central gap at mid span. Steel reinforcement and prestressing

ducts for the bottom slab are installed and then concreting takes place. The

prestressing cables in the bottom slab should be stressed in order to cater for

continuity stresses and the remaining form traveller is removed from the

bridge. Figure 3.20 illustrates the central gap.
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Figure 3.20: Constructing the Central Gap of the Superstructure (Mathivat, 1979)

4. There are two important issues that should be highlighted;

A- Carefi] consideration for camber calculations is required in order to

ensure that the two sides of the superstructure and central gap match.

The contractor must also observe any differences during construction
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and report it to the designer so that calculations can be adjusted.

B- The Superstructure must be fixed to bridge piers during construction.
If not, temporary fixation is required as illustrated in Figure 3.21. This

connection can be removed after finishing the central gap.

N

NN
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Prestressing Bearings R.C. Blocks

Bars

Figure 3.21: Temporary fixation of the stump (The Arab Contractors, 1996a)

3.6.6 Cantilever Construction by In-situ Concreting Using One Form

Traveller and Stationary System

It may be possible in some instances to use only one traveller and stationary
formwork if the ground conditions are favourable in order to reduce cost or to

overcome limited resources.
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3.6.6.1 Main components

The main components in this method are one form traveller, as illustrated in
Section 3.6.5.1, and stationary system, as in Sections 3.6.4.1 and 3.6.3.1.
Concrete blocks are normally used to balance the weight of the form traveller on

the other side.

3.6.6.2 Scope of application and characteristics

Bridge physical characteristics

This is as discussed in Section 3.6.5.2 but taking into consideration that the
height above ground complies with the requirements outlined in Sections 3.6.4.2

and 3.6.3.2.

Surrounding environment and site conditions

It is generally used in instances where one part of the structure is over water
while the other is over ground. The part using form travellers should comply with
Section 3.6.5.2 while the part over ground should comply with the requirements

outlined in Sections 3.6.4.2 and 3.6.3.2 for stationary systems.

Construction method characteristics

The characteristics of the part using a form traveller are presented in Section
3.6.5.2 while the characteristics of the part using a stationary system are
discussed in Sections 3.6.4.2 and 3.6.3.2. The method requires efficient

synchronized work in the movement of the form travellers and concrete blocks.
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3.6.6.3 Common Construction Sequence

The construction stages involved in this method are as follows:

1. The stump is constructed using one of the methods described in Section

3.6.5.3.

2. After constructing the stump the form traveller is erected at the same time

with stationary falsework on the other side.

3. In order to counter balance the effect of the loads resulting from the form
traveller's weight, a number of concrete blocks are placed on the previously
finished section of the superstructure, as illustrated in Figure 3.22. The blocks
are mounted on steel I-Beams on the top slab. The number and arrangement

of the blocks should be determined by the designer.
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Figure 3.22: Using one form traveller and a stationary system (Dar Al-Handasah,

1990)
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As the form traveller moves forward to the next position, the concrete blocks are
transported to the next section on the other side of the cantilever. Figure 3.23

illustrates this method during operation.

Figure 3.23: Using stationary system to construct one of the cantilevers ends

(The Arab Conftractors, 1991)

3.6.7 Advancing Shoring System

3.6.7.1 Main Components

This system is progressive and is supported on brackets fixed to bridge piers. The
main components of the system are two main trusses, either above or below the
superstructure, two brackets and a system of formwork as illustrated in Figure

3.24.
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Figure 3.24: Components of advancing shoring system (Thyssen, 1999)

3.6.7.2 Scope of application and characteristics

Bridge physical characteristics

This system can be used for a box section (this is commonly associated with this
method in Egypt) and for beam and slab cross sections. It can be used for any
height, provided that there is enough space for system components, except in the
case of using cranes to erect brackets at each span. It is normally used for 40m
spans (Liebenberg, 1992). Mathivat (1979) extends this range to 85m. This
method requires straight alignment although it may cater for small horizontal
curvatures in the deck (Liebenberg, 1992). It is normally used for cast in-situ

prestressed concrete.

Surrounding environment and site conditions

The superstructure is constructed irrespective of the ground conditions so
obstacles are of little effect on construction except during erection and
dismantling where cranes are required. Work is mostly done on the

superstructure with little interference with the public.
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Construction method characteristics

This method is characterised as machine-intensive, thus its initial capital cost is
high and requires skilled labour for operation. The system may be reused after
modification for similar projects. Bridge design should take into account the
effect of brackets on piers and the effect of supporting the whole system on the
superstructure as will be seen later. The system is designed with minimum
weight so deflection considerations during concreting are very important,

otherwise cracks may appear at the construction joint.

3.6.7.3 Construction Sequence

Construction stages involved in this method are as follows:

1. The system is assembled on the ground and then lifted into position. Recesses
should be shaped in bridge piers in order to erect brackets. The system is

illustrated in Figure 3.25.

Figure 3.25: The system lifted into position using cranes (The Arab Contractors,

2000)

2. Construction is done in stages, where each stage ends at the point of zero

bending moment. Figure 3.26 illustrates an example of the sequence of these
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stages.

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
£ / AN IOEESEOONY 7
AN ~ ~ ~

Figure 3.26: Stages of construction (Liebenberg, 1992)

3. The construction of a typical stage starts by lowering formwork to free it
from the bottom slab and webs. Figure 3.27 illustrates the starting position of

the system.

I” : ﬂhf_’lm:.i‘hma—'&ﬂﬂ.ﬁ

Figure 3.27: Formwork freed from superstructure (Thyssen, 1999)

4, The brackets are required to move forward to support the next span.
Accordingly, the main girders and formwork move forward until the girder
ends pass the next column in a manner that would preserve system stability,

as shown in Figure 3.28.

Figure 3.28: Main trusses and formwork moving to next span (Thyssen, 1999)

5. The main trusses are supported temporarily on the superstructure by means of
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high tensile bars. The brackets are dismantled from their current position and
travel along rails fixed on the bottom chord of the two trusses until they reach

the required position. This stage is illustrated in Figure 3.29.

Figure 3.29: Brackets travelling on rails to the next position (Thyssen, 1999)

6. The main girders are lowered to rest on brackets and then travel to their final

position as illustrated in Figure 3.30

Figure 3.30: Main trusses travelling to their final position (Thyssen, 1999)

7. Formwork levels are adjusted as well as carpentry works. Steel reinforcement
and prestressing components are fixed for the bottom slab and webs.
Concreting is performed normally in two stages, bottom slab and webs and
then top slab. After the concrete of the bottom slab and webs gains sufficient
strength the formwork of the inner sides of the webs are dismantled. The
same activities are repeated for the top slab, and the span is stressed after it
gains the required strength. The casting sequence is extremely important in

order to control deflections of the system,- otherwise cracks at the
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construction joints may occur (Liebenberg, 1992). Sometimes partial
prestressing of the bottom slab and webs is performed to limit deflection. The
system 1n its final position is illustrated in Figure 3.31 and the same stages

are repeated for constructing the next span.

Figure 3.31: The system in its final position (Thyssen, 1999)

3.6.8 Using Launching Trusses to Erect Precast Prestressed Beams

3.6.8.1 Main Components

The system normally consists of two trusses that are supported over bridge pier
heads. The trusses are supported over steel chairs and are equipped with moving
hoists that travel freely over them. The precast beams are transported from
casting yard to the required span using two transport trolleys (i.e. sometimes
called MAFI trolleys). The main components of the casting yard are generally a
number of moulds and a gantry crane. The main components of the launching

system are illustrated in Figure 3.32.

3.6.8.2 Scope of application and characteristics

In this system precast prestressed girders are transported from the fabrication

area and erected in position.
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Figure 3.32: Main Components of Launching Girder Method (DSI, 1995)

Bridge physical characteristics

This system is used for erecting prestressed precast beams of beam and slab
bridges. It is used for the erection of straight line bridges although very limited
horizontal curvatures may be accommodated. It works irrespective of the ground,
so ground conditions have a limited effect on the construction process. It is
normally used for spans ranging between 30 and 60m according to Liebenberg

(1992), and between 20-60m according to Mathivat (1979).

Surrounding environment and site conditions

It can be used to cross any type of obstacle, although it has been used
successfully in downtown areas and to cross small waterways. The method
requires little interference with the public so it can be used efficiently in crowded
areas or where there is traffic. Cranes are required to work from the ground to

install steel chairs over bridge piers.

Construction method characteristics

Bridge piers should be designed so as to accommodate system loads. Enough

space should be allowed at the pier head for mstalling steel chairs to support
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main trusses. This system can be characterised as machine intensive and it is
relatively expensive. It requires skilled labourers for its operation. It may be used
for similar projects after modifications are made. The quality of concrete is
generally better than other methods as a result of casting in factory conditions.
The system requires less initial investment compared with advancing shoring and

cantilever carriage systems.

3.6.8.3 Construction Sequence

The following stages are generally adopted in using this system:

1. Precast beams are transported by means of two trolleys from the casting yard
to the launching trusses as illustrated in Figure 3.33. The beams are normally

prestressed initially at the casting yard.
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Figure 3.33: A precast beam transported to the launching trusses (DSI, 1995)

2. The trusses load the beam by means of hoists and transport it to the required

span as illustrated in Figure 3.34.
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Figure 3.34: Trusses loading a precast beam (DSI, 1995)

3. The hoists move over the trusses and the beams are erected in position, as
illustrated in Figure 3.35. The trusses can also move transversely to distribute

beams over the bridge width, as illustrated in Figure 3.36.

Hoist Hoist Moy Trusses

Precast Bearn

Figure 3.35: The precast beam is erected in position (DSI, 1995)

4. Inthe same manner, precast beams are erected on the next span as illustrated
in Figure 3.37. It is important to mention that the strength and stability of the
main trusses may not permit two spans to be launched from the same
position. In this case, the trusses have to be moved again to erect the span as
indicated in Figure 3.37 where the stability and strength requirements are

achieved or to another position as recommended by the manufacturer.
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Figure 3.36: Launching Trusses moving transversely to erect precast beams (The

Arab Contractors, 1995)

R uI = L ‘ //PL
- Steel Chair

Figure 3.37: Precast beams are erected on the next span (DSI, 1995)

5. After erecting precast beams for the one span the top slab is concreted and
final prestressing of the beams takes place. Precast slabs may be positioned
and supported on the beams. A light mesh of steel reinforcement is fixed

above it and a layer of concrete is poured to connect the beams to the slab.

6. The trusses then move to the next two spans and the same procedures are

repeated.
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3.6.9 Erecting Bridge Beams Using Cranes or Heavy Lifting

3.6.9.1 Main Components

This system uses either cranes or heavy lifting to erect the beams. One or two
cranes may be used depending on the beam weight, length, and erection height.
The main components are hydraulic jacks, high tensile steel bars and steel beams.

The number and arrangement of jacks and bars is dictated by the beam weight.

3.6.9.2 Scope of application and characteristics

Bridge physical characteristics

This method can be used for steel beams comprising orthotropic decks as well as
for concrete beams whether, prestressed or not. The beams can be produced
curved and then lifted into position in order to accommodate the required
curvature in the deck. The workable height from ground depends on the available
crane capacity. On the other hand, heavy lifting is not affected by height

although proper consideration of wind should be taken.

Surrounding environment and site conditions

It may suit a crowded area if special arrangements to the working hours are
considered. It may be used in the presence of obstacles if thé available cranes are
suitable, On the other hand, heavy lifting can be used in the case of obstacles,
provided beams can be placed under the span. It requires skilled labourers due to
the delicacy of the process. Sufficient area for crane manoeuvring is required and

the ground should be strong enough to sustain crane loads.
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Construction method characteristics

There are virtually no considerable loads created to the structure that would
affect design except in the case of heavy lifting. The process is straight forward,
but requires skilled labourers. The time required is considerably less than other

methods especially for a limited number of spans.

3.6.9.3 Construction Sequence

In the case of heavy lifting the following steps are involved:

1. The lifting jacks are erected above the superstructure and the lifting bars are
extended to the ground level and attached to the beams as illustrated in

Figure 3.38.

Figure 3.38: Heavy lifting of several beams (Liftslab Misr, 2000)

2. The jacks lift beams in stages defined by their maximum stroke. The jacks
are allowed to release after reaching maximum stroke in order to start another

stage. The process is illustrated in Figure 3.39
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Figure 3.39: Example of one cycle of heavy lifting (Liftslab Misr, 2000)

3. In the case of using cranes the procedures are simpler. The method is simple
and is comprised of lifting the beams using one or two cranes depending on
the beam loads, span length and required height. An example of this process

is illustrated in Figure 3.40.

Figure 3.40: Precast beams erected using cranes (The Arab Contractors, 2004)

3.6.10 Horizontal Incremental Launching system

3.6.10.1 Main Components

The system works by pushing precast concrete elements from the casting area to
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the required span. The main components are temporary columns to support
formwork at the casting area; a steel nose is normally used to minimize the
cantilever length of the segments during pushing, accompanied by a system of

jacks. Other accessories are also used such as Teflon sheets and grease.

3.6.10.2 Scope of application and characteristics

Bridge physical characteristics

The method is used for box cross sections. It can accommodate limited constant
horizontal curvature of the deck. It works irrespective of the ground, so it can be
used for any height of the superstructure except for the casting area where height
should enable casting segments. Mathivat (1979) states that it can be used for
spans up to 100m. The segment length usually ranges between 15-30m
(Liebenber, 1992). The bridge is pushed in the direction of down grade (if
available) in order to reduce resistance to pushing. This method is used for

prestressed concrete.

Surrounding environment and site conditions

This method has been used in downtown areas successfully as it causes minimum
interference with the surrounding environment. It can be used to cross most
obstacle types. Ground conditions have limited impact as the system is totally

supported over bridge piers normally.

Construction method characteristics

Although this method can be described as machine-intensive, it is not generally

expensive (Raina, 1988). This method requires skilled labour and experienced
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staff and the design is highly affected by the construction stages.

3.6.10.3 Construction Sequence

Construction is carried out in the following stages:

1. A casting area is prepared at one end of the bridge. Two casting areas may be
required one at each end of the bridge, depending on the bridge length. The
formwork is supported on four temporary columns and two temporary beams.
Each segment is usually concreted on two stages, the bottom slab and webs

and then the top slab. The temporary beams are equipped with hardwood at

the top to facilitate the pushing process, as illustrated in Figure 3.41.

Jacks to Acljgi || y
Cantilever Formwurkl

Jacks to Adjust
Bottom Slab Formwork .
Temporary

Secondary
Columns

! / Columns

Figure 3.41: An Example of the Formwork for bottom slab and webs as well as

temporary columns at the casting area (The Arab Contractors, 1996b)

2. After concreting the segments, the formwork is stripped and a lightweight
steel nose is fixed to the segment front in order to limit the moments due to
the cantilevering effect, as illustrated in Figure 3.42. Bridge bearings are
provided with temporary sliding bearings made up of steel or concrete with a
stainless steel surface and side guiding plates to keep the superstructure to the
correct alignment. The bearings are coated with Teflon on the sliding surface

in order to facilitate sliding with minimal friction.
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Figure 3.42: Preparation for pulling the first segment (The Arab Contractors

Manual, 1996b)

3. After pushing the first segment to the required position, the second one is
concreted over temporary columns and the same process is repeated and the

segments are prestressed as illustrated in Figure 3.43.

Construction
stages Launching nose

© ® ®0 ®0 /

L

Casting bed T

Figure 3.43: Bridge during construction (Liebenberg, 1992)

4. After finishing the prestressing, the temporary bearings should be replaced
with permanent ones. However, the modern practice is to use permanent
bearings during construction as well (Liebenberg, 1992). Figure 3.44 shows

the system during operation.
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Figure 3.44: Steel nose fixed to segment (The Arab Contractors, 1996b)

3.6.11 Custom Systems

Custom systems refer to instances where combinations of the aforementioned
methods are used. It also covers other innovative techniques that cannot be
categorized under any of these methods (Youssef er @/, 2005). Such innovative
techniques are normally one-off and designed to cater for very specific and rare,

site conditions.

Figure 3.45 illustrates one of these innovative techniques. The site previously
contained an old steel bridge, the Abu-El-Ella bridge. This bridge had been
dismantled and another one was to be built crossing the Nile beside it. The
constructor used the piers of the old bridge as supports for the falsework of the
superstructure of the new bridge. An elevated platform was assembled on shore

and then loaded on to two ships. The ships travelled along the Nile and placed
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the platform in position using heavy lifting equipment that was already installed

on the ships. The platform was supported on the piers of the old bridge. The

falsework and formwork were erected over this platform.

Figure 3.45: Creating an elevated platform and erecting falsework (The Arab

Contractors, 2004)

Table 3.1 summarizes the circumstances in which each construction method is

used.

Table 3.1: Summary of Bridge Construction Methods

Construction Method

Circumstances of use

Stationary System Supported on
Ground

It can be used for span of up to 300m

Ground should be levelled and without obstacles

Does not Require Skilled Labours

Cost is relatively small compared with other systems
especially when using standardized proprietary systems
which can work in many projects

It is used for cast insitu concrete in Egypt

Stationary System Using An Elevated .

Platform

It can be used for any span length provided that there are
intermediate towers every 20-25m

It can be used for heights of up to 25m

Some variation in the land topography is tolerable

It is used in case of obstacles such as railway lines and
small canals

The time required for erection and dismantling is less than
with stationary formwork

It is used for cast insitu and precast concrete in Egypt
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Construction Method

Circumstances of use

Cantilever Construction by In-Situ
Concreting Using Two Form Travellers
{Concreting Carriages)

The optimum span range is between 50-150m, although it
may be used for up to 240m.

It can be used for any height of the superstructure

It is used to cross obstacles such as waterways.

It requires highly skilled labourers

The construction method affects bridge design drastically
Relatively expensive

It is used for prestressed concrete

Cantilever Construction by In-Situ
Concreting Using One Form Traveller
and Stationary System

It is used when part of the cantilever is above the ground
Construction affects drastically the bridge design

It is less expensive when cornpared to the previous method
It is used for prestressed concrete

Advancing Shoring System

It is normally used for 40m spans and can be up to 85m

It can be used for any height above ground

It can be used to cross most obstacles on the ground

It has limited ability in catering for horizontal curves
There is less interference with the public

Bridge design should take into account the loads resulting
from construction sequence

Careful consideration should be taken for deflection

It is used for prestressed concrete

Launching Trusses

It is used for spans ranging between 20-60m

It is used to erect precast prestressed concrete girders

It can be used for obstacles in down town areas or to cross
small waterways

It has limited ability to accommodate horizontal curvature
It requires less initial investments

Erecting Bridge Beams using Cranes or
Heavy Lifting

The span range depends on the capabilities of the available
equipment

It is used to erect precast prestressed girders

Requires enough area for crane manoeuvring

Horizontal Incremental Launching

It can be used for spans up to 100m

It accommodates limited horizontal curvature

It proves efficient in crowded areas

It requires skilled labours and experienced staff

The design is highly affected by construction sequence
This method is used for precast prsestressed concrete

3.7 CRITERIA FOR

SELECTING CONSTRUCTION

METHODS

There are many criteria affecting the choice by bridge professionals of

construction method. Troitsky (1994) and Liebenberg (1992) are of the view that
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the choice of construction method depends on the nature of obstacles to be
crossed, cross-sectional area of the superstructure, bridge height, ground
conditions, span length, and total bridge cost. Besides these obvious engineering
and economic criteria, Walter and Scalzi (1976) state that the evaluation process
should take into account familiarity with the construction system, amount of risk
involved, interference with traffic or navigation during construction, construction
scheduling, the complexities shed on design due to construction system and,
finally, cost. The importance of the criteria varies: while Bindra and Bindra
(1976) emphasize the importance of the availability of construction labour and
equipment, others such as GangaRao et al (1988) emphasise ease of construction
especially in low volume road bridges and the dependence of criteria on regional

anomalies.

Basha and Gab-Allah, (1991) used the results of the study performed by
GangaRao et al (1988) and after interviewing ten bridge practitioners in Egypt,
they concluded that eight criteria can be used to evaluate bridge construction

methods:
¢ Construction cost;
e Resource availability;
e Ease of construction;
e Durability;
¢ Construction progress rate;
o Service life;

¢ Design efficiency;
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¢ and maintenance.

However the criteria developed by GangaRao ef a/ (1988) were intended to
evaluate the whole design and not only construction methods. Perhaps a more
reliable approach would be to interview practitioners without any prior frame of
thoughts as dictated by the criteria presented to respondents in Basha and Gab-
Allah's (1991) research. Nevertheless, Basha and Gab-Allah (1991) found that in
six out of the fourteen concrete bridge projects constructed in Egypt, the adopted
construction method was not the best one. This means that in 43% of cases the

chosen construction method was not the best choice.

The appreciation of the importance of adopting a systematic approach in dealing
with this selection problem is fuelled not only by the results illustrated above but
also by the increasing market competition, shrinking profit margins, tight work
programmes and growing complexity of construction projects. An approach that
integrates the constraints dictated mainly by technical considerations as well as

the other important intangible considerations would be beneficial.

3.8 ISSUES RELATED TO THE _CONSTRUCTION

INDUSTRY IN EGYPT

There are two main issues to discuss in this section which have a bearing on the
research problem: contractual arrangements, and factors affecting construction
quality, Morcous (1997) states that there two main types of contracts used in
Egypt for bridge projects: negotiated contracts and competitive contracts. In
negotiated contracts, work is mainly awarded on a cost plus fixed fees basis
where it is agreed that the contractor will be paid the work cost plus a fixed

percentage for his overheads and profit. It is normally used when project
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documents are not yet prepared and it is of essence to save the time required for
formal bidding procedures. However, costs are normally higher compared with
the competitive arrangement, as there is no incentive for the contractor to reduce
project costs. Furthermore, the impact of intangible criteria other than cost
reduction is more pronounced. This view is supported by Basha and Gab-Allah
(1991), as the projects judged not to have used the best construction method were

contracted under this arrangement.

In competitive contracts the contractor is invited to submit his total offer
beforehand either on a lump sum basis or based on unit prices that are applied to
the consultant’s estimate of the quantities involved for each of the various job
items. The lattgr case is often used in Egypt. The unit price method enables the
contractor to receive payment for the actual quantities of work done based on
field measurements made during the construction works. The determinant factor
in this arrangement is cost, as stipulated in Egyptian administrative law. This law
determines relations between the government and other entities. The impact of

other factors is normally less pronounced in this arrangement.

Abdel-Razek (1998) identifies sixteen factors as influencing construction quality
in Egypt. These factors and their percentage of relative importance are as

follows;

e Improving design and planning during the pre-construction phase

(16.67%),

¢ Developing and improving quality assurance and control systems

(10.52%),
e Improving the financial level and standard of living of employees
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(9.2%),
¢ Improving the accuracy of cost estimating (8.38%),
¢ Proper classtfication of contractors, consultants and projects (7.07%),
e Employees’ conscientiousness (6.25%),
e Improving training for contractors, owners and consultants (5.26%),
e Encouraging ISO 9000 (5.1%),
o Increasing contractors technical and managerial efficiency (4.93%),
¢ Improving maintenance systems during and after construction (4.93%),
¢ Improving uttlisation of resources (4.93%),
e Encouraging and improving specialization in construction work (4.27%),

e Cooperation between construction industry and scientific organizations

(4.27%),

e Participating and cooperating with advanced international organizations

(3.12%),
e Defining responsibilities between project parties (2.96%), and

e Encouraging innovation for simpler and more accurate work methods

(2.14%).

The research was based on the views of 150 participants representing industry in
Egypt. The results apparently suggest that the design and preconstruction
activities require improvement. This should be based on methods that stem from

the local economic and technological background that must be tumed into
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advantages to give a competitive edge instead of being regarded as a constraint.

Given the exceptional relationship between bridge design and construction, as
described in Section 3.5, and the results of Abdel-Razek's (1998) work, priority
should be given to research in bridges in Egypt to understanding and possibly
devising a systematic approach to integrating the design and construction

Processes.

3.9 SUMMARY

This chapter has discussed the problem of evaluating construction systems of the
superstructure of concrete bridges. The bridge development process consists of
five main stages: conceptual phase; detailed design; construction; service and
maintenance; and demolition or collapse. The design process of bridges usually
undergoes four main stages: conceptual design; scheme design; preliminary
design; and detailed design. The choice of the construction method is normally
performed at the preliminary design stage as part of the overall Buildability
issue. Despite several attempts to evaluate bridge design alternatives such as
quality index and structural utility, they do not effectively deal with both
subjective and objective criteria together. A model was proposed whereby the
influential criteria, such as buildability, durability, maintainability, aesthetics and
cost, are represented during preliminary design. The construction methods used
in Egypt have been discussed in terms of their characteristics, main components,
construction sequence and scope of application. One of the major aspects to
enhance quality in Egypt is to improve design and planning during pre-
construction phase, Chapter 4 will explore various facets of decision making and

propose a multiple criteria decision approach to solve the research problem.
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CHAPTER 4: INTELLIGENT DECISION

MAKING

4.1 INTRODUCTION

This chapter begins by introducing the main themes that distinguish different
artificial intelligence systems and then focuses on decision making. The main
approaches used to solve multicriteria decisions are scrutinized including: single
criterion synthesis approach and outranking approach. Seven main guidelines
were used to choose an appropriate multicriteria decision aid method for the
research and the reasons for using the Analytic Hierarchy Process (AHP) are
discussed. Consequently, AHP is examined in terms of hierarchy structure,
prioritization procedures, synthesis, fundamental assumptions and critical points.
Decision making stages are also reviewed and the research problem is portrayed
within these stages. Examples of problems solved using AHP are demonstrated.

Finally a brief review of decision support systems is presented.

4.1.1 Artificial Intellisence (AD)

Laudon and Laudon (1998) define Al as “the effort to develop computer based
systems (i.e. hardware and software) that behave as humans”. Sauter (1997)
emphasizes the role of knowledge, and defines Al as “The emulation of human
expertise through the encapsulation of knowledge in a particular domain and

procedures for acting on this knowledge”.

Perhaps, a more succinct and relevant definition to this research context is laid

down by Russel and Norvig (2003), who define Al as “trying to systemize and
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automate intellectual tasks and therefore it is potentially relevant to any sphere of
human intellectual activity”. They illustrate that Al systems are developed along
four main dimensions: systems that think rationally, systems that act rationally,

systems that act like humans and systems that think like humans.

In the first dimension, systems are developed to think logically (i.e. abiding by
the rules of thought). The adequacy of pure logic to construct systems is
questionable as demonstrated in the views of many scientists and philosophers,
including Kant (1934). Acknowledging such inadequacy the second dimension of
Al emerged, where systems were developed to act rationally. Rational agents are
developed so as to achieve the best result or the best expected outcome in cases
of uncertainty. The third dimension aims to develop systems that act like humans
whereby passing the Turing test, according to Winstanely (1990), is a measure of
their success. This approach combines many capabilities such as natural
language processing, knowledge representation, automated reasoning, machine
learning, computer viston and robotics. Systems developed along the fourth
dimension attempt to automate some of the human thinking capabilities such as
decision making. This also involves the field of cognitive science that is

concerned with the way information is mentally processed (Lu ef af, 2001).

4.1.2 Decision Making

Turban and Aronson (2001) define decision making as “The process of choosing
among alternative courses of action for the purpose of attaining a goal or goals.”
It is actually concerned with investigating the actions humans take in order to
settle the differences between their views of the environment and its reality. The

research problem can be qualified as a decision problem where feasible
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construction methods represent decision variables and benefit and cost represent
intermediate result variables and the best construction method represents the
result variable. The following sub-sections discuss some related aspects such as

modelling and optimisation.

4.1.2.1 Modelling

Winstanely (1990) defines models as “An explicit representation of one’s
understanding of the situation......... it can be expressed in mathematics,
symbols, or words but is essentially a description of entities and the relationships
between them........”. Turban and Aronson (2001) illustrate three types of
models: iconic, analog, and mathematical. Iconic models are considered the best
abstraction of reality, such as 3D prototypes and photographs. Analog models
behave like the system but do not resemble it, such as maps, organization charts
and blueprints, Mathematical models are mainly used to model decision

problems and they are the least abstract of all model types.

Mathematical models can be classified, based on their way of searching for the
solution, into simulation models, heuristics models, predictive models,
optimization models and others. Simulation models try to find a good enough
solution or the best among altematives checked using experimentation.
Heuristics models try to find a good enough solution using rules and are used to
solve complex problems. Predictive models are used to forecast the future,
Optimisation models search for the best solution from a set of solutions. This last
type is widely used in construction as illustrated by Bastias and Molenear (2005)
in their survey which revealed that optimisation based models represent around

20% of the models developed in the construction industry to deal with decision
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problems.

4.1.2.2 Optimisation

Optimisation means searching for the best solution from a set of solutions.
According to Turban and Aronson (2001), the process of optimisation is natural
and is performed by rational decision makers on the assumption that humans are
economic beings (homo-economicus) who aim to maximize achievement of
goals or their welfare. Taha (2003) illustrates that the decision maker in the
classical optimization approach, optimizes a single objective function over a set
of feasible solutions subject to a set of constraints. This process includes
identifying decision variables (i.e. alternatives whether finite or infinite), an
objective function (that needs to be maximized or minimized) and constraints.
The solution may be achieved in one step using a single formula or using a set of

procedures (algorithms).

Nevertheless, real life situations exhibit more complexity due to their
multidimensional nature and the necessity to consider many criteria in order to
find the best course of action (Bouyssou, 1993). This fact led many researchers
to conclude that the decision making process extends beyond the classical
optimisation approach and paved the way for the emergence of multi-criteria
decision aid approach. Optimisation in multi-criteria problems is defined as
searching for a single measure of merit of a solution that is greater than those of
other solutions {(Pongpen and Liston, 2003). In operational terms, there are three

main approaches to finding an optimum solution:

1. Finding the alternative that has maximum goal achievement for a fixed
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number of resources;
2. Finding the lowest cost alternative that meets a given level of goals;

3. Finding the alternative possessing the highest level of goal achievement to

cost. This approach is used to optimise the research problem.

Bridge engineers as decision makers face a number of influential decision
problems during the course of bridge development including choosing an
appropriate construction technique for the superstructure. There are many criteria
that affect the choice of construction techniques, some subjective and others
objective. However, the traditional approach is to choose the least cost
alternative subject to fulfilling a set of engineering constraints dictated mainly by
bridge characteristics (e.g. span and height) and site conditions (e.g. soil
strength). Bridge engineers tend to focus on objective criteria and pay less
attention to subjective criteria, which may be considered implicitly without clear
rationale in the decision process. This situation may be caused by their inability
to deal with both subjective and objective criteria in a rational way that would

justify their inclusion and assessment, should the need arise.

Accordingly, bridge engineers should be able to exhibit multi-criteria decision
making capabilities in order to aggregate criteria and alternatives using their
intuition and experience to find the best alternative, The following sections
illustrate the characteristics of multi-criteria decision analysis (MCDA) in order

to be able to develop a decision model for the research problem.

4.2 MULTI-CRITERIA DECISION ANALYSIS (AID)

Multi-criteria decision analysis (MCDA) is a term used to describe the tools used
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by decision makers to solve decision problems where many, possibly,
contradictory points of view must be taken into consideration (Vincke, 1992), It
is an important decision tool for many problems that are faced in engineering and
science as illustrated in the views of many researchers such as Triantaphyllou
and Mann (1995). This term is used interchangeably in literature with MCDM
(Multi-criteria Decision Making). Steuer and Na (2003) illustrate that MCDM is
the form that is often used by Americans while MCDA is used by Europeans.
This is caused by the tendency in Europe to emphasize the distinction between
decision maker and the management scientist providing aid or analytical support

to the decision making (Costa el al, 1997).

MCDA methods can be presented as a process that consists of two main stages:
construction and exploitation as illustrated in Figure 4.1. The construction
process involves gathering input data and constructing a decision model.
Determining the information type whether it is cardinal or ordinal, deterministic
or non-deterministic is an important aspect in this stage. The modelling process
is the way the decision problem is represented. For example, The Analytic
Hierarchy Process (AHP) adopts a hierarchical representation for the objective,
criteria and alternatives., The exploitation process involves aggregation and
obtaining results. The aggregation procedure is the calculation stage where
information is processed so as to arrive at a result. Examples of this processing
include calculating eigenvectors as used by AHP, calculating value aggregation
as used by multi-attribute value theory (MAVT), calculating disjunctive and
conjunctive as used by ELECTRE TRI. The recommendation is the output form
of MCDA methods. The form of the output of these methods vary as some

methods offer choice and ranking such as AHP others such as MAVT and
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Technique for Order by Similarity to Ideal Solution (TOPSIS) offer choice only.
The modelling and aggregation processes are at the heart of MCDA, and
collectively they may be called multi-criteria aggregation procedures (MCAP)

(Guitouni and Martel], 1998).

MCAP
INPUT {Multicriterion Aggregation Procedures) oUTPUT
[m———————m~——== e ——mm e —— T
| | |
Information | Modelling Process [ ! | Aggregation | . | Recommendation
(DATA) | "| (Interfaces) ! "| (Calculation) o (Result)
A \ 'I Y \
I
|
|
]
!
Lo Construction ___ ____ o' io____Exploitaion ______ gy

Figure 4.1: MCDA procedures (Bouyssou, 1996)

MCDA can be classified according to the decision space into Multi-objective
Decision Making (MODM) and discrete multiple criterion problems. MODM is
used to solve problems with continuous and infinite number of alternatives. They
rely primarily on mathematical algorithms such as goal programming. According
to Taha (2003), the basic idea of goal programming is to establish a numerical
goal for each of the objectives and to formulate an objective function for each
objective, and then seek a solution that minimizes the sum of deviations of these
objective functions from their respective goals. There are two methods used to
solve goal programming problems: weights method and the pre-emptive method.
In the weights method a single objective function is constructed to represent the

goals of the decision problem as follows:

Minimize G;,i =1,2,...,nand the combined objective function is

Minimize z = w,G, +....+ w,G,
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Wherew,,i =1,2,...,nare positive weights that reflect the decision maker’s

preferences regarding the relative importance of each goal.

In the second method, the goals must be ranked in order of importance by the
deciston maker, The process is performed in stages where the result of each stage
is a constraint on the subsequent stages. The process is carried out such that the
solution obtained from a lower priority goal never degrades any higher priority
solutions. Discrete multiple criteria problems involve selecting a suitable
alternative, or ranking alternatives of a finite predetermined discrete number.

This latter approach adequately addresses the research problem.

The methods used in MCDA problems can be divided into three categories as
illustrated by Martel (1999), Vincke (1989) and Roy (1985): the interactive local
judgements with trial and error approach, the single synthesis criterion approach
(sometimes called multiple attribute utility methods) and the outranking
synthesis approach. The first approach deals mostly with MODM problems
(Martel, 1999). The single synthesis criterion and outranking synthesis
approaches deal with discrete multiple criteria problems (Vincke, 1992).
According to Vansnick (1990), these two approaches can be represented based

on their formulation of the decision making situation in the 4,A/F,E form
where A is a set of feasible alternatives noted as: 4= {a,,...,a,.,....,am}andA/F is
noted asA/F ={gl,...,g aeees gu} and Eis a set of performance evaluation of

alternatives for each criterion and can be noted as
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The single criterion synthesis approach utilises an 4 —~ A — E formulation where
middle A represents criteria. The outranking approach
utilises 4 — F — E formulation of the decision problem where F represents a
consistent family of the criteria. The single criterion synthesis approach and the
outranking approach are potentially applicable to the research problem and will

be discussed further in the coming sections.

4.2.1 Single Criterion Synthesis Approach

This approach is derived from the American school of thought (Martel, 1999). It
is based on the axtom that any decision maker attempts implicitly to maximize
some function aggregating all the different points of view, which are taken into
account (Vincke, 1992). This approach attempts to formulate this function
explicitly and optimize it in order to arrive at the best compromise solution
among other solutions subject to decision makers’ preferences. Preferences at
each criterion level are aggregated into a single function that can be represented

generally as follows:
g(a:')= V[gl (af)’gz (ai)’ ------ 4 (ai)]

Where g is the single synthesizing criterion, a,is an alternativei, Vis the

aggregation function, and g are the attributes j (Hwang and Youn, 1981).
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There are many methods that can be categorized under this approach and the key
methods according to Martel (1999) are MAUT (Multiple Attribute Utility
Theory), UTA (Utility Theory Additive), SMART (Simple Multiple Attribute
Rating Technique), TOPSIS (Technique for Order by Similarity to Ideal
Solution), and AHP (Analytic Hierarchy Process). In the MAUT method the
aggregation is obtained by assessing partial utility functions on each criterion to
establish a global utility function U, where U under some conditions can be

obtained in an additive manner according to Vincke (1992), as follows:
Ula)= ;UJ (g J (a))

or multiplicative manner as follows:

0(e)=T10,(s ()

Where U, is the utility function of criterion g; and a is an alternative

In the UTA method the value function is estimated on each criterion using
ordinal regression and the global value function is obtained in an additive
manner. The SMART method is a simple way to implement the MAUT by using
the weighted linear averages, which gives a close approximation to utility
functions. In TOPSIS, the chosen alternative should have the profile which is the
nearest (distance) to the ideal solution and farthest from the negative-ideal
solution. In AHP the subjective assessments of relative importance is converted
into weights, This technique applies decomposition, the comparative judgements
on comparative elements and measures of relative importance through pairwise

comparison matrices which are recombined into an overall rating of alternatives.
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The main advantage of this approach is that the problem 1s reduced into a single
objective function once the aggregation (utility) function s assessed in the right
way, thus a best solution (compromise) can be obtained. The main disadvantage
is that the solution process becomes complex with the mcrease in the number of
alternatives because a single aggregation function must be developed for each
criterion (Abdullah, 2003). Another disadvantage is that it does not accept
incomparability between alternatives, should the case arise (Guitouni and Martel,

1998).

4.2.2 OQutranking Approach

This approach is derived from the French school and was developed by B. Roy in
1968 at the University of Paris (Martel (1999), Saunders (2004)). It assumes that
the decision makers’ preferences can be modelled using binary relations (i.e.
outranking relations). The outranking relation S =PUQUI, where Prepresents
a preference situation and O represents weak preference situation and 7
represents indifference situation, is valid when there is strong reason to believe
that with respect to all the ncriteria of consistent family of criteria, an

alternativei noted as4,, is at least as good as or outranks altermnative j noted
asA;and the outranking relation is expressed as4,54,, without any reasons

which absolutely prevent from saying so (Guitouni and Martel, 1998). In order to
establish outranking relations, concepts such as concordance, disconcordance and

thresholds should be defined. The concordance measure is a ratio computed by

summing the weights for those attributes for alternative 4, which are superior to

the attributes for alternative 4;divided by the weights for alternative 4;as a
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whole. The closer this ratio is to 1.0, the more superior alternative 4;is to
alternative 4;. The disconcordance measure looks at the largest difference for the
attribute sets of 4, over 4;compared to the largest difference over all alternatives

(Saunders, 2004). The following equations illustrate the calculations involved in

the outranking method. Given that;

c(A,. »4; )= Concordance Index, (4,4 ; )= Disconcordance Index

C; = Criterion j, w; = Subjective weight of criterion j

We can calculate the concordance and discordance indices using the following
two formulae:
1

w

" k
Z W, frezs (A2 (4)))

k=1

c(A,.,Aj)=

and

0if g,(4,)> g,(4,)forall £,

d(4;,4;)=1,

s max {g (4:)-8. (Aj )}, otherwise. whered = max{g & (As‘ ) ~ & (4) )}

Then we can define the outranking relation to be as follows:

c[A,.,Aj]zz',
A;S4, if and onlyif
dl4, 4,]24,

A

Wherec, d, are set by the decision maker and are considered as the thresholds.

Given the outranking relation then we can find a set of alternatives N « 4 for

which:
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There are four main steps involved in outranking methods as indicated by

Abdullah (2003):

1. Obtain the values of the attributes for each alternative with respect to the
criteria;
2. Construct the outranking relations by following the concordance and

disconcordance definitions and construct a graph to represent these relatioﬁs;

3. Obtain the minimum dominating subset. If a Kernel exists, it is chosen as the

minimum dominating subset;

4. If the subset has a single element or is small enough to apply value
judgement, select the final decision. Otherwise, steps 2 through 4 are

repeated until a single element or small subset exists.

Martel (1999) illustrates that the key methods associated with the outranking

approach are ELECTRE, PROMETHEE, ORESTE, and QUALIFLEX.

The outranking approach operates by reducing the number of alternatives until
the best alternative is obtained thus it does not allow complete ranking of the
alternatives because only partial prioritization of alternatives is computed.
Carrying the results forward to calculate ratios such as benefit to cost is
meaningless. Abdullah (2003) illustrates another two weaknesses. The first
weakness is the fact that the ordinal way used to combine concordance and
disconcordance sheds doubts on the accuracy of outcomes. The second weakness

is the existence of some arbitrariness to the way the weights are assigned to the
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criteria as well as assigning values to the attributes.

4.2.3 MCDA Approach Used for the Research

The previous sections illustrate the multitude of methods that can be used to
solve multicriteria decision problems. Despite this obvious wealth, the choice of
a suitable method may be difficult as analysts may be motivated by their
familiarity with a certain method (Guitouni and Martel, 1998). Accordingly, it is
important to identify MCDA methods characteristics and match it against
research problem characteristics. Guitouni and Martel (1998) present seven
tentative general guidelines to help in choosing an appropriate MCDA method as

follows:

1. Number of participants involved in the deciston making whether single or
group; the attributed lack of cooperation in construction problems
between different parties may give preference to single decision making,

nevertheless, group opinions may be required in some instances.

2. Preference elucidation method required such as pairwise comparison,
tradeoffs, direct rating, etc; Pairwise comparison may be a suitable choice
for practitioners as it provides a flexible yet robust approach in making
comparisons as indicated by many authors including (Guitouni and

Martel, 2003).

3. Output required by the decision maker: Roy (1985) illustrates that the
output can be in many forms such as identifying the best alternative,
select a limited set of the best alternatives (i.e. choice), to construct a rank

order of the alternatives from the best to the worst ones (i.e. ranking), or
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classify/sort alternatives into groups, or identify the major distinguishing
features of alternatives; In many instances the decision maker requires to
rank feasible alternatives in a way that reflects the degree of their goal

attainment, in order to calculate the Benefit /Cost ratio.

Input information characteristics, type and quantity and the ability to
provide it: Abdullah (2003) illustrates three main types of data involved
in MCDA methods: deterministic, stochastic, and fuzzy. Deterministic
data requires that goal, criteria and alternatives be determined prior to
solving decision problem. In stochastic data, the criteria are treated as
random variables. Fuzzy data deals with uncertainty or imprecision. The
input data for the research problem are deterministic in nature where the
goal (choosing construction method), criteria and alternatives
(construction methods) are predetermined before dealing with the
decision problem. Input information is mainly dictated by the decision
maker’s knowledge and experience. Some of these data would require
reference to previous projects information such as duration and cost. This

basic information is normally available to bridge engineers in Egypt.

. Required compensation degree: there are three degrees of compensation
used by MCDA methods, total compensation (where absolute
compensation between criteria evaluation is accepted), no compensation
(no compensation is accepted between different criteria), or partial
compensation {(some kind of compensation between criteria evaluation is
accepted) (Colson and Bruyn, 1989). Total compensation would imply

the unimportance of some criteria relative to others, which may be the
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case in some instances. In the case of decision problems where no
compensation is a requirement for some of the criteria while others
require partial compensation, a mechanism may be proposed whereby the
alternatives are sieved to a reduced set that satisfies the requirements of
non compensation for these criteria thus allowing the use of partial
compensation. Partial compensation is widely used by most MCDA

methods.

6. Fundamental hypothesis of MCDA method: check whether it meets

problem characteristics and it will be discussed in Section 4.3.4.

7. Examine the availability and capabilities of software that automates the

method (i.e. if available): methods that have software are preferred.

The single synthesis approach is used in instances where complete ranking of the
alternatives is required. Complete ranking enables decision maker to understand
the decision dynamics where the effect of changing preferences on the
alternatives ranking as well as the sensitivity of alternatives to criteria can be
viewed. It also serves in instances when it is required to calculate benefit to cost

ratio.

The following table lists some of the major important methods that use single
criterion synthesis approach as depicted by Guitouni and Martel (1998). These

methods are illustrated in Table 4.1.
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Table 4.1: Single Criterion Synthesis Methods (Guitouni and Martel, 1998)
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9 s S8 ¢8| 5 § 5 2 s
Method g 25 | E 2| 8 & 5 32 e
A g = A g g5
3 A~ A= Q & = CE
<] &) /o)
o 0
)
&
Fuzzy Direct Choice Non- Total Ind., com., inv.,
weighted rating Det. tran., dom.,
sum
TOPSIS Direct Choice Det. Total Ind., com., inv,,
rating tran., dom.,
MAVT Trade- | Choice Det. Partial |Ind., inv., tran.,| ¥
offs dom.
UTA Trade- | Choice Det. Partial |Ind., inv., tran,| ¥
offs dom.
SMART Trade- | Choice Det. Partial Ind,, com., inv. | ¥
offs tran., dom.,
MAUT Trade- | Choice Non- Partial |{Ind., inv., tran.,| ¥
offs Det. dom.
AHP Pairwise | Choice Det., Partial Inner & outer| v
and non- independence,
Ranking | Det. inv., dom,
EVAMIX | Direct Choice Det. Partial Ind.,, com., inv.,
rating and tran., dom.
Ranking
Fuzzy Direct Choice Det. Non Ind., com., inv.,
Maximin rating and dom.
non-
det.

Ind.: Independence, Com.: Commensurability, Inv.; Invariance, trans.: transitivity,
dom.: dominance, Det.: Deterministic, Non-Det.: Non-Deterministic
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According to this table, only two methods offer complete ranking of alternatives:
AHP and EVAMIX. However AHP has software to automate it while EVAMIX
does not. Accordingly, AHP is preferred for dealing with the research problem.

Furthermore AHP offers many benefits including:

* Modelling information in a hierarchical form which is an easy to use and

understand form,;

e Accommodating both subjective and objective criteria and taking into
consideration the effect of people’s feelings and emotions in the decision

making process;

o The ability to measure a decision maker’s consistency in his judgement
yet allowing for a certain degree of inconsistency in order to cater for the
element of irrationality that is involved in the decision making process in

real life;

e The wide use of AHP in different fields including the areas of social,
manufacturing, political, engineering, education, industry, government,
sports, management, and others. The applications of AHP in engineering
constituted 26% of its total use according to Vaidya and Kumar (2006).
This implies its acceptability by both practitioners as well as the research
community in the different fields. This point will be discussed in detail on

Section 4.3.5.

e The preference indicated to use AHP over other MCDA methods as
presented by Triantaphyllou and Mann (1989) in their comparison
between weighted sum, weighted product and AHP, Salomon and

Montevechi (2001) in their comparison between AHP, TOPSIS and
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ELECTRE, and Peniwati (1996) in her comparison of AHP to Delphi

method, outranking, and goal programming (Abdullah, 2003).

o In AHP some of the criteria may not be relevant in some instances despite
their existence in the hierarchy. So it can cater partly for the problem of

full compensation.

Finally, the effect of the cognition style on people’s acceptability to MCDA
methods including AHP is undoubtedly paramount. According to many authors
such as Rowe and Boulgarides (1992) and Lu and Gustafson (1994), rational
multiple attribute decision models are especially good for thinking (judgement
style) and sensation people (perception style). These styles are related to Myer’s
and Briggs Type Indicator (MBTI) for personality types, who illustrate that
personality can be described along four main dimensions: interaction preference
(Extrovert or Introvert), information gathering preference (Sensing or Intuition),
decision making preference (Thinking or Feeling), and structure preference
(Judging or Perceiving) (Johnson and Singh, 1998). Many would argue that the
majority of experienced engineers fall to each type. In a former study performed
by the author on ten Egyptian engineers using reduced version of MBTI
questionnaire, it was found that the subjects scored more towards the thinking
style. They also scored slightly more on intuition than sensation. Despite the
limited number of study. subjects, it would imply the potential acceptability of

AHP by Egyptian engineérs as a way to solve multi-criteria problems,

4.3 THE ANALYTIC HIERARCHY PROCESS (AHP)

AHP was developed in the 1970°s by Dr. Thomas Saaty, while he was a

professor at the Wharton School of Business, and in 1983, Dr. Saaty joined Dr.
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Emest Forman, a professor of management science at George Washington
University, to co-found the software called Expert Choice. Saaty (1994) defines
AHP as “A framework of logic and problem solving that spans the spectrum
from instant awareness to fully integrated consciousness by organizing
perceptions, feelings, judgements and memories into a hierarchy of forces that
influence decision results”. This definition emphasizes the ability of AHP to
present people’s feelings in the judgement. Others such as Nydick and Hill
(1992) describe AHP as “A methodology to rank alternative courses of action
based on the decision maker’s judgement concerning the importance of the
criteria and the extent to which they are met by each alternative”. In summary,
AHP is “a decision aiding tool for dealing with complex, unstructured and multi-

attribute decisions” (Patrovi, 1992).

AHP helps decision makers to set priorities and to arrive at the best decision
when both qualitative and quantitative aspects of a decision need to be
considered. The method represents complex decisions in a hierarchical form and
elucidates preferences through a series of pairwise comparisons, then synthesises

the results. It provides a clear rationale for the decision.

Saaty (1994) outlines six main steps involved in AHP:

1. Structure the problem in a hierarchical fashion;

2. Derive judgements that reflect ideas, feelings or emotions;
3. Represent these judgements in meaningful numbers;

4. Calculate priorities of the elements in the hierarchy utilising these

judgements;

125



5. Synthesize the results;
6. Perform sensitivity analysis to study decision dynamics.

Many researchers including Fong and Choi {2000) and Skibniewski and Chao
(1992) tend to consolidate these steps into three main stages, constructing

hierarchy structure, performing prioritization procedures and synthesis.

4.3.1 Constructing the Hierarchy Structure

Saaty (1994) defines a hierarchy as a representation of a complex problem in a
multi-level structure whose upper level is the objective followed by criteria, sub-
criteria and alternatives at the bottom level as illustrated in Figure 4.2. The

purpose is to assess the contribution of the elements in the lower levels to the

fulfilment of the elements at the level above, using pairwise comparisons.

Goal }

Criteria

Alternatives

Figure 4.2: The Structure of a Hierarchy (Saaty, 1994)

There are two main types of hierarchies: structural hierarchies and functional
hierarchies. In structural hierarchies, the system is decomposed into its
constituent parts such as describing the universe in terms of galaxies, stars and
planets. Functional hierarchies organise systems into parts based on the

relationships between these parts.
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The process of constructing the hierarchy requires creative thinking, association
and other people’s perspectives. The decision maker should include enough
detail to describe the problem including the environment surrounding problem,
the criteria that contribute to the problem, and participants to the problem.
Related criteria should be clustered together where the general ones are located at
higher levels and going down to the more definitive criteria. There are two ways
to construct hierarchies either using a top-down approach or a bottom-up
approach. The top-down approach is convenient when the number and type of
alternatives is open and the decision maker needs to find a best choice from what
is available at that time. The bottom-up approach is appropriate when the

alternatives are limited in number.

According to Saaty (1994), there are three main benefits to the hierarchic

structure employed by AHP:

e It shows how changes in priority at the upper levels affect the priority of

the elements at the lower levels;

e It provides the decision maker with an overall view of the problem

structure and the relationships between its constituent parts;

e It is stable and flexible; stable in the sense that small changes have a
small effect and is flexible in the sense that additions to the hierarchy do

not disrupt performance.

There is a criticism of the third point as AHP allows rank reversals in this case
and this problem is discussed in Section 4.3.4.2. Having constructed the

hierarchy, the next step is to perform prioritization procedures.
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4.3.2 Prioritization Procedure

AHP performs prioritization procedures through pairwise comparisons. The
decision maker compares criteria in pairs to assess their relative contribution to
the fulfillment of the next higher level criteria linked to them. The same applies
to the alternatives where they are compared to each other relative to the criteria at
the next higher level (Vincke, 1992). AHP uses the term ‘importance’ in the
comparison of criteria, preference in the comparison of alternatives, and
likelihood in the comparison of different courses of action. It is important to note
that criteria weights are often established independent of the alternatives,
Otherwise they will be properties of a subset of alternatives and misleading
results may occur. In general, the required number of pairwise comparisons in

the case of comparing n number of criteria equals (n—1)/2 judgements.

According to Saaty (1994), the ability to perform qualitative distinctions can be
represented by five intensities: equal, moderate, strong, very strong and extreme.
In order to ensure greater precision, compensation between adjacent intensities
can be performed by adding weak, moderate plus, strong plus, and very very
strong. The scale range is 1 to 9 because of the psychological limit that states that
only 7 + 2 items can be compared simultaneously in order to ensure reasonable

precision of the results. The scale is illustrated in Table 4.2.

In some instances it may be necessary to incorporate group consensus for the
judgement of pairwise comparisons when the decision maker prefers taking the
views of other professionals. As illustrated by Vaidya and Kumar (2006) and
Skibniewski and Chao (1992), this consists of preparing a questionnaire where

other decision makers indicate their assessment on the fundamental scale. The
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average of their assessment can be used in the pairwise comparison. The next
step is to organize the pairwise comparisons into a matrix and synthesize the

results to obtain a ranking of the alternatives.

Table 4.2: The fundamental scale (Saaty, 1994)

Importance Definition Explanation
1 . Equal Importance Two activities contribute equally to the
objective
2 Weak
3 Weak importance of one | Experience and judgment slightly favour
over another one activity over another
4 Moderate plus
5 Essential or strong | Experience and judgment strongly favour
importance one activity over another
6 Strong plus
7 Demonstrated Importance | An activity is favoured very strongly over
another; its dominance demonstrated in
practice
8 Very, very strong
9 Extreme importance The evidence favouring one activity over
another is of the highest possible order of
affirmation

4.3.3 Synthesis

Synthesis is the process through which the pairwise comparisons are aggregated
to produce a result. The following will illustrate the mathematical background of

the synthesis process of AHP.

Saaty (1982), proposed that if we want to compare a set of

objects 4, 4, ,.....,4,in pairs and their weights are w;,w,,....,w,, their pairwise
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comparison matrix can be represented by the following matrix of the underlying

ratios (assumed to exist):

Al AZ An
P
L W,

A=4, |2 B W
W W, w,

An w” ﬂ w]‘l

LT W,

. s . . . 1
The matrix has positive entries and satisfies reciprocal property of a, = —
a.

Ji

By multiplying matrix A by the column vector w=(w,,w,,...w,)” we obtain the
vector nw and we have the following;:
Aw =nw

Where Ais known and wis required. In order to obtainw, we extend the above

system to be in the following form:
(A=-nw=0

This equation has a non-zero solution if and only if, »is an eigen value Aof A,

thus we can put it in the following form:
(A-ADw=0 where n=A1 hence IA—M | =0 in order to obtain a nontrivial

solution

Ais the root of the characteristic equation of A that can be represented in the

following form:

A e A 4, A e, A +¢, =0 (Iskandar, L. 1987)
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w is required and represents the eigenvector of the characteristic equation and

the required priorities of the objects 4,, 4, ,.....,4, .

However, A has unit rank since every row is a constant multiple of the first row.

Thus all the eigen values A,,i =1,....,n of 4 are zero except one

We also know that the trace of 4 can be calculated as follows:

Z 2; = tr(A4) =Sum of the diagonal elements = 7

i=1
Therefore only one of A,, wecallit 4, , equalsnand 4, =0,4, # 4.,

Then we can easily calculate the corresponding eigenvector which represents the

required priorities of the objects A.

There are two approximate ways to obtain the eigenvector w of the pairwise

comparison matrix:

1. Multiply the elements in each row together and take the n* root
where n is the number of elements. Then normalize the column of
numbers thus obtained by dividing each entry by the sum of all entries

(Saaty, 1994); or

2. Nommalize the elements by dividing them by their column

summations hence obtaining the average of each row (Taha, 2003).

However, care should be taken as it may lead to rank reversal as illustrated by

Saaty (1994).

AHP also measures consistency which actually determines to what extent the

decision maker is exhibiting coherent judgement in specifying the pairwise
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comparison of the criteria or alternatives. In order to illustrate inconsistency
mathematically Saaty (1994) illustrates that a small perturbation can be made as

follows;

a; = (w,. [w; )'5:1 , congistency occurs when &; =1

Looking at the original equation Aw = 4__ w, we have for the ith equation:

n

3 wj _ 1§
A = Y@y — then we can define p = _n—lz_/li

max
‘o  owi

i
noting that; Z /11. =n as n represents the sum of diagonal elements, which can
i=1

be done by expanding |A - Al | = ( as follows:

=(A-A4)+...... + (A - An) and equating coefficients, accordingly we can deduct

that consistency index C.I. can be written in the following form:

Cl=p= ;”":*_'1 n

Consistency ratio C.R. is defined as the ratio between C.J. and random
consistency index R.J.. R.. represents the average eigen value to a randomly

created reciprocal matrices using the scale 1/9,1/8,....,1,....8,9

According to DeShutter’s conjecture the random index can be put in the

following form:

n-2
n

RI.=1098

Finally consistency ratio can be put as follows;
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_c.

CR.=
RI.

According to Saaty (1994) the value for consistency ratio should not exceed 10%
in order to ensure a reasonable amount of consistency in the judgement. It is
known that rational judgements have some element of inconsistency and that is

why 10% was considered reasonable.

If the hierarchy is synthesised and the results are found to exceed the 10%
inconsistency limit despite several attempts to change pairwise comparisons, this

may suggest one of the following reasons (Cheng and Li, 2003):

1. Arbitrary response: this may happen if the information providers feel

annoyed about the problem or if they are not willing to provide their

judgements.

2. Careless mistake: this may happen if the questions are poorly designed so

that the information providers are too confused to give accurate answers.

3. No relevant knowledge or experience: answers from people who do not

possess the knowledge or experience to give appropriate judgement on the

problem may not be built up logically.

Furthermore, Saaty (1994) suggests that it may indicate that the criteria are
arranged without interrelation and a good way to improve consistency in this
case, is to rearrange criteria in terms of their relevance.

4.3.4 Discussion

Turban and Aronson (2001) are of the view that reality is too complex and is

usually simplified because it is hard to represent such complexity. For example,
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Karl Terzaghi, the father of soil mechanics assumed that soil has ideal properties
such as homogeneity and isotropy, in order to be able to deal with complexities
inherent in solving soil mechanics problems. AHP incorporates some
fundamental assumptions that need to be highlighted. It is also worthwhile to

discuss some of the critical points of the theory.

4.3.4.1 Fundamental assumptions

AHP is based on some fundamental assumptions including dominance and inner
and outer independence (Guitouni and Martel, 1998). Saaty (1994) defines
dominance as the link between relations among qualities and corresponding
relations among magnitudes associated with these qualities. In order to specify
dominance this question should be answered: given a pair of elements, how
much more important is that one element compared to the other relative to
fulfilling the goal. Another way is to specify the degree of closeness of each
element to an ideal point. Importance, preference, and likelihood are used to
express dominance of one criterion over another. A relative goal/criterion is

required in this case for one entity to dominate another.

AHP assumes independence between alternatives and criteria and alternatives
among themselves and criteria among themselves. According to Saaty (1994)
outer dependence is the dependence of alternatives on an attribute in a set of
attributes possessed by the alternatives, It is the degree or intensity with which
that attribute is present in the alternative. Another form of outer dependence
occurs in the opposite direction: which attribute of several is more important in
this alternative. On the other hand, inner dependence is the dependence of an

alternative on another alternative; it is the influence, contribution or impact of the
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second alternative on the first with respect to an attribute they have in common.
It is clear in the research problem that the problem has a considerable degree of
independence in terms of inner independence and outer independence although

such independence is not easy to verify (Guitouni and Martel, 1998).

4.3.4.2 Critical Points

AHP, since its introduction in the 70s, has been criticised by some researchers
for a number of issues including allowing rank reversal, its axiomatic basis and
other issues. Belton and Gear (1983) and Dyer (1990), criticised AHP for
allowing rank reversals. Rank reversal means that the ranking of alternatives
changes whenever a new alternative (even irrelevant) is introduced. According to
Millet and Saaty (2000), the axiom of rank preservation has its origins with Luce
and Raiffa in 1957, who stated “The addition of new acts to a decision problem
under uncertainty never changes old, originally non-optimal acts into optimal
ones”. This was considered by some including Millet and Saaty (2000) as a “poor
suggestion”. Nevertheless, the issue was subject to debate, until the third
international symposium on the AHP reflected an integral view. It was agreed
that AHP should support two different synthesis modes: one that preserves rank
as proposed by Belton and Gear (1983) and Schoner et al (1993), ideal mode,

and the original one that does not preserve rank, distributive mode.

Millet and Saaty (2000) explain that in 1994 Saaty accepted the two synthesis
modes, distributive and ideal. The distributive mode normalizes alternatives’
scores under each criterion so that they sum to one. This creates dependency on
how well all other alternatives perform and hence the potential for rank reversal.

On the other hand, the ideal mode preserves rank by dividing the score of each
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alternative only by the score of the best alternative under each criterion.
Generally, the ideal mode should be used to obtain a single best alternative
regardless of the other alternatives. The distributive mode should be selected if

other alternatives do matter in the selection process.

Watson and Freeling (1982) highlighted the process of elucidating preferences in
AHP by asking tedious questions such as: Which of these criteria is more
important to the goal and by how much?. Some other researchers, Belton and
Gear (1983) and Dyer and Wendel (1985), argue that AHP lacks a firm
theoretical basis. On the other hand, Harker and Vargas (1987) and Perez (1995)
discussed these criticisms and demonstrated that they are invalid and that AHP is
based on a firm theoretical foundation. Furthermore, the wide use of AHP as

expressed in literature shows that AHP is a viable, usable decision-making tool.

There are a number of instances in the history of science where theories have
been used widely in practice before being proved theoretically. For example,
there is evidence that the ancient Egyptians utilised the principles laid down in
the Pythagorean Theorem (developed by Pythagoras, the Greek mathematician)

in dividing land beside the Nile many years before it could be proved.

4.3.5 Problems Solved Using AHP

There is a wide diversity of applications that have used AHP. Vaidya and Kumar
(2006), in their comprehensive review of 150 published articles on AHP
applications, reveal that AHP was used for many themes such as selection,
evaluation, benefit-cost analysis, allocation, planning and development, priority
and ranking. It has been used both alone and in conjunction with other techniques

such as neural networks, fuzzy theory, goal programming and dynamic
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programming. The wide use of AHP in different applications representing

psychology, social science, manufacturing, politics, engineering, education,

industry, and government, would imply its potential acceptability to practitioners

as well as researchers. Some of the AHP applications are listed in Table 4.3.

Table 4.3: Some AHP Applications (Vaidya and Kumar, 2006)

= Year Authors Application

5

78]

1 | 2001 | Al Harbi, K.M. Contractor Selection

2 | 2000 | Fong, P.S. and Chot, S. K. Contractor Selection

3 12002 | Mahdi et al Contractor Selection

4 | 2000 { Alhazmi, T. and McCaffer, R. Project procurement system
selection model

5 |2001 | Cheung, S., Lan, T., Leung, M. | Project procurement system

and Wan, Y. selection model

6 {2003 | Marzouk et al Evaluation of construction
bids

7 | 2002 { Abdullah and Anumba Selection of  demolition
techniques

8 |2002 | Cheung, F.X.T.,Kuen,J. L. F. Evaluate architectural
consultants

9 | 2004 | Tabtabati et al Negotiations and resolution of
conflicts with an application
in project management

10 | 1992 | Skibmiewski, M.J. and Chao, L. Evaluate two types of cranes

11 | 2002 | AlKhalil, M.I. Select most  appropriate
project delivery method

12 | 2001 | Byun, Dae Ho Selection of a car

13 | 1994 | Ceha, R. and Hiroshi Ohta Aircraft selection for the

operation on airport pairs
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= | Year Authors Application
5
14 | 1999 | Jung, HW. and Choi, B. Selecting best software
product
15 12001 | Kengpol, A., OBrien C. Selection of Advanced
Technology
17 | 1996 | Korpela, J., Tuominen Warchouse site selection
18 | 1999 | Kuo, R.J., Chi, S.C. and Kao, | Selecting convenience store
S.S. :
19 2002 | Lai, V., Wong, BK. and Cheung, | Software  selection using
W. group decision making
20 (1999 | Lai V., Trueblood, R.P. and | Selecting software
Wong, B.K.
21 | 1998 | Mohanty, R.P. and Deshmukh, | Analyzing firms investment
S.G. justification  problem  in
advanced manufacturing
technologies
22 | 2000 | Noci, G. and Toletti, G. Selecting  quality  based
programs
23 | 1997 | Schniederjans, M.J. and Garvin, | Select multiple cost drivers
T. for activity based costing
24 | 1995 | ShangJ et al Select appropriate flexible
manufacturing system
25 | 200t | Tam, M.C.Y. and Tummala Vendor selection of a
telecommunication system
26 | 2001 | Cagno, E., Caron, F. and Perego, | To assess and to evaluate the
Al probability of competitive
bidding
27 {1994 | Liberatore, M.J., Stylianou, A.C. | Strategic market assessment
28 | 1999 | Sarkis, J. Evaluation of environmentally

conscious manufacturing

program
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= | Year Authors Application

3

29 11994 | Weiwu, W. and Jun, K. Method for comprehensive
evaluation of  highway
transportation

30 ) 1996 | Angels, D.I. and Lee, C.Y. A methodology that ties

investment  decisions to
activity based costing

31 | 1999 | Chin, K.S., Chiy, S. and|To evaluate success factors

Tammala, V. M. Rao and to develop strategies to

implement ISQ14001
32 | 1997 { Tummala, V.M. Rao, Chin, K. S. | To check whether concurrent
and Ho, S.H. engineering could be
implemented in the

organization or not

Others such as Chim et al (2004) developed a generalised collaborative decision-
making system that integrates the capabilities of the Internet, fuzzy logic and

AHP.

4.4 STAGES OF DECISION MAKING

There is a multitude of methods that describe decision making stages such as the
one mentioned by Turban and Aronson (2001) which consists of five stages:
problem identification, generation of alternatives, choice, authorization and
implementation. Kepner and Tregoe (1965) view decision making as being
comprised of three main steps, problem analysis, decision analysis and potential
problem analysis. Simon (1977) describes the rational decision making process
as a four-stage process comprising intelligence stage, design stage, choice stage
and implementation stage which are discussed in the forthcoming sections. It can

be seen that these approaches are closely related.
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4.4.1 Intellisence Stage

During this stage, the environment is investigated thoroughly and the final output
is the problem statement. Many activities are associated with this stage such as
problem identification, data collection, problem decomposition and

classification.

4.4.2 Design Stage

During this stage the problem is represented (i.e. modelled), possible altemative
solutions are identified and the principle for choosing these solutions is

formulated. The problem representation should also be validated.

The research problem is represented in a hierarchical form where the objective
(i-e. choosing the best construction method) is located at the top level and the
alternative solutions are located at the bottom level. The criteria and subcriteria
affecting choice are located at the intermediate levels linking the alternatives to
the objective. The principle for choice is based on optimisation and the
requirement is to find the construction method with the highest ratio of goal

attainment to cost.

4.4.3 Choice Stage

During this stage, the model is utilised to arrive at the best solution. The search

for an optimumn answer to this model is done in four stages:

1. Identifying constraints that limit the use of construction methods. The output

of this stage is a list of feasible construction methods;

2. Comparing feasible alternatives using AHP. The output of this stage is the

ranking of feasible alternatives, which reflects the degree of their objective
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attainment (i.e. benefit);
3. Calculating total cost of each feasible alternative;

4. Calculating benefit to cost ratio of each feasible alternative. The highest ratio

represents the required optimum solution.

An important aspect of this stage is to study the dynamic behaviour of the
optimal solution due to changes made in the model parameters. The effect of
changes made to weights of criteria as well alternatives would result in a

different result as indicated by Taha ( 2003) and Turban and Aronson (2001).

4.4.4 Implementation

This is the last stage in the decision making process at which the prototype is
developed. The knowledge acquired from previous stages is represented. The
decision support system developed to deal with the decision can be developed

using a suitable sofiware platform.

4.5 DECISION SUPPORT SYSTEMS (DSS)

Keen and Morton (1978) define a DSS as “Coupling the intellectual resources of
individuals with the capabilities of the computer to improve quality of decisions.
It is a computer based support system for management decision makers who deal

with semistructured problems”. DSS possess certain characteristics such as:

1. They support the decision maker in instances where computers alone cannot

solve the problem. They require his/her views to control the whole process.

2. DSS are not meant to substitute the decision maker but rather to support

him/her. Thus it should neither provide ready answers nor impose a
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predefined sequence of analysis.

3. DSS may support some or all phases of the decision making process;

intelligence, design, choice and implementation

4. DSS attempt to improve the effectiveness of the decision making process in
terms of accuracy, time and quality. It requires a good interactive and

enhanced dialogue between user and computer.

Multi-criteria Decision Support Systems (MCDSS) have developed in five stages
starting from the early 1970’s when the first primitive attempt took place. The
latest generations of MCDSS integrate artificial intelligence capabilities such as
learning, thinking and reasoning, and using knowledge and experience to

manipulate the environment (Siskos and Spyridakos, 1999).

4.6 SUMMARY

The nature of the decision making process involves multi-criteria decision
making. There are two main approaches that can be adopted to deal with the
research problem which are the single criterion synthesise, and the outranking
approach. The first approach prioritizes the alternatives in terms of goal
attainment whilst the second one eliminates successively alternatives until
identifying the appropriate one. Seven guidelines have been adopted in choosing
a multicriteria method for the research problem where AHP was identified to
have the potential to address the research problem effectively. It has been used
successfully in many disciplines including engineering and economics. The next
chapter discusses the procedures adopted to elicit knowledge from bridge experts

to develop a system that evaluates construction methods of bridge superstructure.
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CHAPTER 5: KNOWLEDGE ELICITATION

51 INTRODUCTION

This chapter discusses in detail the results of the techniques used in eliciting
knowledge from bridge experts. Four main techniques were used: interviews;
card sorting; questionnaires; and process tracing. The results for each of the

techniques used are explained in the following sections.
5.2 SAMPLE

There are three main groups of participant to the decision to select an appropriate
bridge construction method: contractors, designers and clients. The latter
normally paﬁicipate by approving the selected construction method proposed by
the first two. Contractors are likely to possess a large portion of the expertise and
knowledge to take this decision. However, designers in many cases pre-empt this
decision during the early stages of project development especially if the
contractor is not part of the development team. Ultimately, this research seeks to
develop an intelligent decision support system using the knowledge of both

designers and contractors.

Egyptian Law stipulates that all contractors and designers conducting contracting
works in Egypt should be registered with the Egyptian Federation for
Construction and Building Contractors. There are five main groups under which
construction contractors can be registered. The first group is for buildings,
foundations and specialised complementary services. The second group is for

roads, bridges, railway, airports and tunnelling works. The third group is for
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water and wastewater treatment plants, and pipe networks for water, wastewater,
natural gas and fuel. The fourth group is for water and thermal power stations
and marine and dredging works. The fifth group is for electromechanical, electric

and communications networks.

Under the second group for roads and bridges, there are seven categories that are
differentiated on the basis of the financial capabilities to conduct contracting

works in bridges and roads. These categories are illustrated in Table 5.1.

Table 5.1: Categories of Registered Contractors for Roads and Bridges in Egypt

(Dar Al Emara Al Dawlia, 2001)

Category | Permitted value of work for Nuqlber of
. . registered
number a single project .
_ companies
1 Without upper limit 24
2 Max. £ 2,500,000 5
3 Max. £ 1,500,000 8
4 Max. £ 800,000 10
5 Max. £ 400,000 45
6 Max. £ 100,000 40
7 Max. £ 50,000 76

However, there were some limitations in using this table to obtain the survey

sample of this research:

A- Tt represents registered companies for bridges and roads where the

latter constitutes the majority of contractors;

B- Many of the contractors registered under the first category are foreign

contractors that have not undertaken any or very limited bridge
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work in Egypt;

C- There are a number of companies that are working in other activities

related to bridges such as repair work;

D- There are a number of companies working in the construction of steel

bridges which are beyond the scope of this research.

Meetings were conducted with three bridge experts in order to identify the main
players in the bridge construction industry. Two of these experts were contractors
and the third one was a designer. The two contractors have been working in
bridges for more than 25 years starting from site engineers to senior management
positions. The designer had twenty years of experience in bridge design and his
design office has been assigned most of the bridge works in Egypt. The results

were as follows:

1. There are five main contractors working in bridge construction with long
experience in Egypt and have constructed the majority of concrete bridge

works in Egypt;

2. There are a number of small companies working on small bridges with spans

between 10-15m which are located over small irrigation channels;

3. There are six main designers conducting most of the design for concrete

bridges in Egypt with long experience in working for contractors and clients;

4. There are two main governmental organisations in Egypt that organise bridge

works in Egypt,

Sixty experts were identified as possessing the expertise, and in many cases are

the decision makers in their organisations, to select construction methods. They
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were also selected on the basis of their potential to cooperate with the researcher.
These experts were used as the population for this research. They were
approached by the researcher during the different stages of the research and the

number of participants in each stage will be highlighted in the following sections.

5.3 SEMI-STRUCTURED INTERVIEWS

Several interviews were carried out at the beginning of the research in order to

fulfil the following objectives:

1. To understand the selection process of structural systems and

construction methods for concrete bridges in Egypt;

2. To understand the criteria affecting the choice of construction

methods used in the sub-structure and superstructure;
3. To identify the construction methods used in Egypt; and

4. To familiarise participants with the research, explore their views of

resource materials and their willingness to participate in future stages.

Semi-structured interviews are considered suitable because they encourage in-
depth discussion and sufficient interaction between interviewees and the
researcher whilst maintaining a level of comparability between interviewees. It
also enables interviewees to express their opinions without being constrained or
influenced by a previously defined framework. The interview questions were
prepared as described in Section 2.4.3. The interview questions are presented in
Appendix A. The sequence of asking questions to different interviewees was

variable and depended on the course of the discussion.

Nineteen experts were contacted and only fourteen experts expressed their
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consent to provide the researcher with the required knowledge and cooperation.
Seven of the interviewees had more than 25 years of experience, 4 had more than
20 years of experience, and 3 had more than fifteen years of experience in
bridges. All sessions were recorded on tape except one interviewee who refused
to record his session. Notes were taken in the latter case and analysed later. The
recorded sessions were transcribed and the knowledge was extracted as will be
illustrated in the next section. The distribution of the interviewees based on their

profession is presented in Table 5.2.

Table 5.2: Interviewees by Role

Profession Number of Interviewees
Contractors 10
Designers 3

Clients 1

5.3.1 Results and Discussion

The results and discussion will be aligned with the interview objectives as

follows:

5.3.1.1 The Selection Process of Structural Systems and Construction Methods

of Concrete Bridees in Egvpt

At the early stages of the bridge industry development in Egypt, clients used to
assign works to contractors on a cost plus fixed fee basis. Consultants used to

prepare a preliminary estimate of the cost in order to determine the required
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budget for clients. During that time the decision of the construction techniques to
be used was mainly in the hands of the contractor. Normally, budget overruns
were unavoidable and lengthy procedures to assign additional funds for projects
were encountered. Driven by the shortcoming of negotiated contracts and the
changes in the world market, the competitive scheme was adopted on a wider
scale. Recently, the government has adopted both competitive and negotiated
forms with tighter control over the contractors in terms of costs and the influence
of their appointed representative (i.e. designers) in the choice of the construction

methods is more apparent.

In the case of design and build contracts, contractors apparently exhibit more
freedom in selecting construction methods to be used when compared to build
only contracts. Nevertheless, in the latter case, contractors normally present
alternative solutions using different construction methods that they deem more
competitive. Furthermore, it was also noted by interviewees that contractors,
after being awarded a contract, may seek to alter the construction method as well
as design, thus resulting in delays and excessive cost due to re-design. One
designer highlighted an interesting point when he stated that in many of the build
only contracts the designer must be well aware of the contractors’ capabilities, so
as to avoid tailoring the design to their specific construction capabilities. This

will eliminate any claims of unfairness that may be posed by other contractors.

In the case of selecting structural systems the designer usually refers to previous
cases of similar bridges and explores the use of their structural systems in new
bridges. The interviewees attributed less attention to the choice of sub-structure

construction system and focused on the superstructure as the main governing
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issue. They attributed that to the variety of alternatives and factors affecting the

superstructure, thus making its selection process more difficult.

5.3.1.2 To Identify Criteria Affecting the Choice of Construction Methods Used

in the Superstructure

The interviewees identified thirty seven criteria which they considered important

in the selection process. These criteria are listed in Table 5.3 and are

subsequently described in the following sections.

Table 5.3: List of Criteria Identified by Interviewees

Criteria
1) Cost 14) System Complexity 27) Surrounding Area Nature
2) Duration 15) System Integrity 28) Accessibility
16) Effect of Construction|29)  Surrounding  Road
3) Deck Curvature Loads on the Design Network Capabilities
17) Percentage Applicability
4) Deck Up/Down Grade to the Bridge Structure 30) Obstacles
g)h;);:k Cross Section 18) Competitive Advantage |31) Possession of Site
6) Superstructure Height |19) Future Use 32) Area for Storage
20) Other Issues Affecting .
7) Span Length Stakeholder’s Decision 33) Crane Manoeuvring
21) Site, Labour and
8) Machine Intensity Equipment Control 34) Area for Workshops
Capabilities
9) Labour Intensity 22) Past Experience 35) Climate
10) Health and Safety for vy ors . .
Constractors 23) Contractor Responsibility |36) Soil Conditions
11) Health and Safety of 24) Contract Type 37) Land Topography Range

Third Parties

12) Quality of Concrete  [25) Procurement

13)  Availability  of 26) _Slte Orgamzatlo_n _and
. Cleaning Levels, Emissions,

construction method

Waste and Noise
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1) Cost

Cost is the most important criterion according to the interviewees; it refers to the
cost required to complete the superstructure using a specific construction
method. The participants outlined two main elements: the actual cost of
construction and the cost of repair in case of problems arising during
construction. The cost of construction entails many elements including the cost

of procurement, system operation, and the cost of materials and other ancillaries.

The interviewees attributed the second element mainly to precast concrete as any
deviations in the element properties from the client’s requirements may prove
costly as the segment in question may be scrapped and removed. Such a decision

is not normally taken if cast in-situ concrete was being used.

The quantity of the materials associated with every construction method varies. It
was also highlighted that the total cost of the bridge is a governing issue where
normally highly expensive construction methods will not be used for small

bridges or for bridges with a limited number of spans.
2) Duration

The main reason for adopting a cost-plus-fixed-fee approach by clients is the
required speed in delivering the project. Thus most bridge projects have a tight
time frame. There are two main elements contributing to duration according to
the interviewees: duration required for normal operation and the time required
for erection and dismantling. The time for normal operation is the time required
for each cycle of the repetitive/non repetitive activities of the system. The time
for erection and dismantling represents the time required for assembling units

and lifting them into position until ready for normal operation and then
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dismantling them after completion. The latter is highly evident especially in
advancing shoring, cantilever carriage and launching girder systems where
considerable time is required for their assembly on the ground until ready for
normal operation, and then dismantling them. In many instances the time for

erection may take up to two or more months with lesser time for dismantling.

3) Deck Curvature

This criterion represents the horizontal curvature of the deck which is usually
expressed in terms of the radius of curvature. In some techniques, the steel
girders supporting the superstructure are supported on three piers. The presence
of a straight line (or a curve having very high radius of curvatures) connecting
supporting points is necessary to enable steel girders to have a sufficient area of
support at the piers. This criterion is highly important in the advancing shoring,

launching girder and horizontal incremental launching systems.

4) Deck Up/Down Grade

This criterion refers to the slope of the deck in the longitudinal direction. It is of
relevance to many methods including advancing shoring system and launching
girder systems where efficient brakes must be present in order to restrict the
system from performing excessive movements. It is significantly more important
in the incremental launching method where it is a conﬁibuting factor to the
friction loads exerted on the pier top whilst pushing the system to the new

position.

5) Deck Cross Section Shape

There are three main shapes used in the construction of the superstructure, box
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section, beams and slab section and slab section. Some methods can only be used
for beam and slab cross section, box cross section or slab cross section while

other methods can use any of these three cross section shapes.

6) Superstructure Height

This criterion refers to the height of the superstructure above the supporting
ground and limits the use of some methods such as stationary formwork as

explained by the interviewees.

7) Span Length

This criterion refers to the length between centre lines of the piers supporting the
superstructure under study. It is important for all methods due to the limitations
imposed by the system as longer spans entail heavier weight of both permanent
structure and the construction method. Many methods are only possible for a
certain limit of span length either because of strength problems or due to

anticipated excessive deflections in the falsework.

8) Machine intensity

This criterion represents the amount of machinery involved in the construction
technique where methods possessing this criterion are characterised by their
significant dependence on machinery (e.g. cranes, hydraulic systems, etc.). The
interviewees believed that such methods would yield better quality, safety and
less time when compared to labour intensive methods. This criterion may be
more important when working in remote areas where the cost of importing and

accommodating labour may prove uncompetitive.
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9) Labour Intensity

This criterion is attributed to instances where the use of labour is intensive. In
some countries, such as Egypt, this criterion is favourable due to the low cost of

labour.

10)  Health and Safety for constructors

This refers to the safety of the personnel working on the construction site and the
number of accidents and fatalities associated with each technique. Mixed
responses were obtained from interviewees with some of them stating that in
selecting a construction method it is of less significance as every method has its
safety characteristics. Others stated that it should be considered as a major factor
when deciding upon working in Egypt given the non-familiarity of Egyptian

labourers with some techniques which may constitute a safety problem.

11)  Health and Safety of Third Parties

This refers to the health and safety of the public. This item is especially
important in downtown areas or in areas in close contact with roads and other

utilities that involve the public.

12)  Quality of concrete

According to the interviewees, this criterion refers to the quality of the finished
surface of the concrete. The measures for strength should be fulfilled under all
circumstances as it involves the structural safety of the bridge. The quality of the
finished surface of concrete is important in bridges where in some methods, such
as cantilever carriage, discrepancy in colours between segments (i.e. every 3-5m)

may prove unsatisfactory to some clients. It is rare but it was classed as a factor
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by an interviewee.

13)  Availability of Construction Method

This criterion represents the availability of the construction method with the
contractor and has been considered by some as the basis for the selection of the
construction methods. The availability of the construction method does not only
mean less cost but also has impact on duration because of eliminating the time
required for procuring new system. Nevertheless, in most cases extra costs will
be incurred due to the modifications and/or maintenance required to the existing

system.

14)  System Complexity

This has been stated by some interviewees as a preference basis in certain
circumstances. If there are two methods eligible for use with similar cost and
time implications, the simpler system will be preferred. This criterion 1s evident
when comparing stationary formwork to cantilever carriage or advancing shoring
systems as the latter two types involve hydraulic and electrical control and are

more sensitive to mistakes.

15)  System Integrity

This criterion refers to the degree of dependence of the technique on other
equipment during erection and dismantling. The interviewees illustrated how this
criterion affects their decision by comparing the stationary formwork with an
elevated platform with the advancing shoring technique. In the first technique the
system when used for several spans, has to be handled with cranage and other

supporting equipment. On the other hand the advancing shoring system is more
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integral as its repetitive movement and erection to the next span requires limited
contribution of cranes. This does not negate the fact that most techniques require

extensive loading equipment during first time erection and final dismantling.
16)  Effect of Construction Loads on the Design

According to the interviewees, especially designers, if the proposed construction
method produces excessive loads on the structure that would require extensive
considerations in the design of the permanent structure, it may prove less
competitive when compared to other methods with lesser effect on design. This
fact also means that if there are unacceptable changes in the shape of the
permanent structure to cater for the construction method's requirements, the

method may be rejected.

17)  Percentage Applicability to the Bridge Structure

Most interviewees generally preferred to use one construction technique for each
project. However, if the site condition varies it is sensible and practical to use
more than one method. For example, the range of usable methods for
construction over water differs from that over land. Other cases of previously
constructed bridges suggest that two construction methods have been used in

order to shorten construction duration and to decrease cost.

18)  Competitive Advantage

This criterion and the next two criteria, represent the hidden agenda of
stakeholders of the decision process. In some instances the decision maker may
choose to use a new technique because it increases his/her chances in future

projects as clients would accord him/her higher scores during prequalification,
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This criterion is more pronounced in cost-plus-fixed-fee projects where cost is

not tightly constrained.
19)  Future Use

Decision makers may prefer some construction methods as they may be used in
future projects in hand with the decision maker. In other cases, the decision
maker may contact a client to foresee their future intentions for new projects to
be tendered and studies the techniques that may be used. However the latter case
is not normally used as the basis for the decision making due to its unreliability.
This unreliability is a result of the unforeseen changes in the government plan
where projects may be postponed for the sake of others which are deemed more

important.

20)  Other Issues Affecting Stakeholders' Decision

Some of the stakeholders in the selection of construction techniques may have
other issues affecting their decision, which are not related to any of the criteria
mentioned here. Some clients and consultants may not approve of certain
techniques because of their previous unsuccessful experience in other projects
either through usage in Egypt or through some of the problems reported in books
or journals. Prima facie, the technique under consideration is not approved,
although extensive persuasion may lead to its acceptance. This criterion may
explain the reason why some techniques were not used at all in Egypt despite

their competitiveness in many projects.

21)  Site, Labour and Equipment Control Capabilities

The ability of the contractor to control and organize the site is an important
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consideration. Some methods require high organisational capabilities of site,
labour and equipment such as cantilever carriage and shp forms. The
interviewees highlighted cases where construction was unsuccessful because the

contractor was not able to manage his site resources efficiently.
22)  Past Experience

This refers to the past experience of the decision maker's firm in using this
construction technique. This criterion has important implications on the cost,
duration as well as safety. The fact that the contractor has trained staff in a

specific technique could mean a preference for using such a technique.
23)  Contractor Responsibility

Design and build contracts entail more responsibility on the contractor when
compared to build projects. In some instances, in design and build projects, the
contractor may decline to use one construction technique because he/she is not
happy with the amount of risk bome by him/her or because he/she is not very
confident in his/her designers' capabilities. He/she may prefer to share the risk
with the client or to revert to less risky techniques. It has to be noted, however,
that the contractor is obliged by law to review and check designs but in that case

the responsibility will be shared with the designer.
24)  Contract Type

The type of contract, whether negotiated or competitive, affects the choice of one
construction technique over another from the part of the decision maker. More
freedom is exhibited under negotiated contracts by contractors, with more

chances for profit. Conversely, clients face more chances of budget overruns.
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25)  Procurement

The Middle East region has faced a great deal of political instability in recent
years with considerable impact on the economy and national revenue. It is more
difficult to import techniques from abroad because of the possible lack of foreign
currency during these times where locally manufactured techniques may be
preferred. In certain projects that are built under grants from foreign countries,
the grant agreement may endorse exemption from taxes on the techniques used

thus encouraging decision makers to import from abroad.

26)  Site Organisation and Cleaning Levels, Emissions, Waste and Noise

Some of the methods may have negative implications on the site organisation,
such as stationary formwork, which may be unacceptable to some authorities in
certain cases. The emissions, noise, and waste of the supporting equipment and
the techniques may constitute a problem during construction of the

superstructure.

27)  Surrounding Area Nature

The nature of the area surrounding the site is an important aspect, whether it is a
site of an archaeological and _toun'st nature, downtown area, desert, agricultural
lands, etc. In tourist sites, the issues of safety and security are important, In
downtown areas, techniques exhibiting less interference with the ground are

generally preferred.

28)  Accessibility
This criterion refers to the degree of accessibility to the site. It investigates the

rules of access which may be constrained by the authorities or third parties for
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one reason or another.

29)  Surrounding Road Network Capabilities

This refers to the ability of the existing road network in terms of width and
permissible loads to be used to transport goods and construction components to

and from site.
30)  Obstacles

There are five main obstacles that have been identified by interviewees including
waterways, railway lines, roads, valleys, and utilities. While some methods were
predominantly used over water (such as cantilever carriage) other methods (such
as stationary formwork) cannot be used normally over water. There are cases
where stationary formwork on an elevated platform were used within waterways
after making some changes to the site such as building an embankment or where

temporary foundations on water are used as supports.
31)  Possession of site

One of the interviewees stated that in many instances the handing over of the site
is not full but partial, especially downtown. Thus techniques depending on
progression from one point without interruption may not be preferred as they
may come to a halt at some time during the construction process until possession

of the relevant area has been done by the contractor.

32)  Area for Storage

This criterion explores whether the site has enough space to cater for any special

requirements of the construction techniques for storing material and equipment.
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33)  Crane Manoeuvring

Most of the methods used require cranes to help in the erection or operation of
the construction technique. The existence of an area for crane manoeuvring is

very important in that sense.

34)  Area for Workshops

The availability of an area for workshops is important for many methods
especially for precast methods where a relatively large area is required to

establish the precast yard.
35)  Climate

It is another criterion which refers to climatic conditions and their effect on the
construction techniques. For example, if the site is located in the desert where
high speed wind storms are expected, severe limitations on the use of some
techniques under such circumstances may affect productivity drastically. In that

case another method may be preferred.

36)  Soil Conditions

The soil conditions are important in choosing construction methods with special
regard to stationary formwork. In this case, the soil must have enough bearing
capacity to sustain construction loads. In some methods where intermediate

supports may be required, this criterion may prove important as well.

37)  Land Topography Range

The variation in the levels of the ground may constitute a limitation in using
some methods such as stationary formwork. While stationary formwork can be

used for limited variations in the land topography levels, small adjustments to the

160



site are required using bulldozers or loaders to enable its use.

5.3.1.3 To identify construction methods used in Egypt

Eight construction methods were identified as the main methods used in Egypt as

follows:
1. Stationary system supported on ground
2. Stationary system using an elevated platform
3. Cantilever construction by in-situ concreting using two form travellers

4. Cantilever construction by in-situ concreting using one form traveller and

stationary system
5. Advancing shoring system
6. Launching trusses used to erect precast prestressed beams
7. Erecting bridge beams using cranes or heavy lifting
8. Horizontal incremental launching system

The procedures and characteristics of each method were discussed in Chapter 3.

5.4 CARD SORTING

The main objective of this technique was to arrange the criteria identified from
the semi-structured interviews in a hierarchical fashion. Two experts (one
designer and one contractor) participated in a series of sessions so as to construct
the hierarchy. One of the experts had over than 25 years of experience in bridge
construction and the other one had 20 years of experience in design works. Each
criterion was written on a magnetic backed strip and the participants were asked

to arrange them on a steel board, under seven main headings: cost, duration,
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bridge physical characteristics, construction methods characteristics, stake-
holders objectives, external constraints and surrounding environment. These
headings were selected by the researcher after examining all the criteria
identified in the semi-structured interviews in order to provide a starting point for
the hierarchy. The experts were asked to verify these headings at first and to
delete or add others if he/she deemed appropriate. After finalising the hierarchy it
was printed on A3 paper and demonstrated to the same experts for further
enhancement and finalisation. The finalised hierarchy was presented to four more

experts for further scrutiny and enhancements.

54.1 Results

The constructed hierarchy is illustrated in Figure 5.1. The sub-criteria associated
with cost are the actual cost of construction and the cost of repair in case of
problems during construction. Duration was divided into two further criteria
which are erection and dismantling, and the total c¢ycles. Bridge physical
characteristics were divided into method orientation (labour or machine
intensive), health and safety, quality of concrete, system availability, system
complexity, system integrity, effect of construction method loads on the
permanent design, and percentage applicability of method to the structural

design.

Stakeholders' objectives were divided into three sub-criteria. External constraints
were divided into two more sub-criteria while the surrounding environment was
divided into three sub-criteria: commercial aspects, environmental requirements

and site condition.
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5.4.2 Discussion

As discussed in Section 4.3.1 there are two types of hierarchies: structural
hierarchies and functional hierarchies. The main attention was focused on
organising criteria representing the second type as illustrated in Figure 5.1 in
discrete boxes. However, sub-criteria deemed to be of a structural nature were
also arranged and indicated in annotations beside the relevant criteria or sub-
criteria and preceded by *. They provide further explanation of the corresponding
main criteria. The developed hierarchy was part of the questionnaires sent to

experts, as explained in the next section.

5.5 QUESTIONNAIRE SURVEY

The aim of the questionnaire survey was to obtain broad based knowledge from
the bridge construction industry. There were two specific objectives for

conducting the questionnaires survey:
» To obtain further information on specific aspects of the decision process;

e To rank criteria identified from the card sorting sessions in order of

importance so as to produce a refined generalised hierarchy.

5.5.1 Questionnaire Desion

The questionnaire was divided into three main parts. The first part works as an
introduction where the research background was demonstrated and some basic
information was required from respondents (e.g., name, organisation, etc.). The
second part enquired about specific aspects of the decision making process
including the decision maker, and the stage at which the decision takes place.

The third part requires respondents to rank each level in the hierarchy of criteria
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and sub-criteria identified from card sorting session. The questionnaire is

included in Appendix B.

5.5.2 Pilot Survey

In the research, a pilot survey was conducted to check the appropriateness and
clarity of the questions and to capture the respondent’s possible reactions to the
questionnaire, Two bridge practitioners, from the group that will eventually
complete the survey, were handed two copies to review and give comments. A
meeting was conducted with each of them to ensure that their feedback was fully
implemented by the researcher. Few modifications were made to the

questionnaire survey as a result of these comments including:
e Several questions were rephrased and explained for clarity;
¢ The questions were referred to the corresporiding level in the hierarchy;

¢ An Arabic translation of the questionnaires was provided in addition to

the English version.

The latter point proved invaluable as the lack of English language competence
among many respondents would have had negative consequences on their

TCSpOonses.

5.5.3 Survey Sample

The bridge engineers, and in some cases the top management of bridge
contracting companies, are the persons responsible in making the decision to
select the construction techniques. Therefore, the survey population was confined
to targeted respondents in Egypt. Convenience sampling was adopted, with

experts who were willing, and available, selected. All the targeted
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respondents were contacted by telephone to make sure of their willingness and to
confirm their address before the questionnaires were sent. Finally, 52
respondents agreed to participate in the questionnaire survey. The questionnaires
were distributed by hand or by special messenger. Several phone calls were
made, to those who had not responded, reminding them about the questionnaire

and asking for their response.

5.5.4 Results

Thirty two questionnaires were returned, out of the 52 questionnaires sent. Thirty
one questionnaires were usable, which represents a response rate of 60%, and is
relatively high when compared to what Fellows and Liu (1997) envisage in this
type of survey: 25-35% response rate. This high response rate may be attributed
to the fact that most respondents have been contacted by phone and were handed
the questionnaires by the researcher himself or by a special messenger. One
response was unusable because it was not complete as the respondent asked to
meet the researcher and was reluctant to complete questionnaire by himself.

Table 5.4 summarises the survey response data.

Table 5.4: Questionnaire Survey Responses

Number of questionnaires sent 52
Number of replies received 32
Number of usable replies 31
Percentage of usable replies 60%
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Background Information

The survey was sent to design firms, construction companies and clients. Seventy
four percent of the responses received were from contractors, 20% from
designers and 6% from clients. The number of respondents for each profession is
indicated in Table 5.5. The respondents who had 20 years or over of experience
were the largest group constituting 57% of the total responses. Forty three
percent of the respondents had between 10 to 19 years of experience, while 11%
had between 4 to 9 years of experience constituting the lowest group. The
distribution of responses among different years of experience groups is illustrated

in Figure 5.2,

Table 5.5: Responses by profession

Profession Number of Respondents
Contractors 23
Designers 6
Clients 2

The Decision Maker in the Process of Selecting Suitable Construction Method

for the Superstructure

Thirty one percent of the respondents stated that the designer is the decision
maker when it comes to selecting construction method, while 29% of the

respondents felt that the decision for selecting a construction method lies with
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estimators, 19% considered it to lie with project managers, 12% the Engineer,

7% site managers, and 2% with clients (see Figure 5.3)

20 Yeors and over 10 -19 Years 4-9 Years
Amount of Experience

Figure 5.2: Distribution of Years of Experience among Respondents
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Figure 5.3: The deciston makers of the construction methods of superstructure

The Stage at which the Construction Method is Selected

Forty seven percent of the responses stated that the deciston is taken during
scheme design, 41% conceptual design, 9% inception, and 3% detailed design.

The distribution of the responses is shown in Figure 5.4.
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Using Specific Procedures in Selecting Construction Methods

In responding to this question 68% of the respondents said that they use specific

procedures, while 32% do not use any specific procedures.
Describing Procedures Used to Select Construction Methods

The respondents did not reveal any clear description of the selection procedures.
They mentioned some of the criteria illustrated in the hierarchy attached to
questionnaire such as site nature, obstacles, duration, cost, span, width of bridge,
and availability of construction methods. They also mentioned bridge nature,

strategic importance of the project, and site topography.
Using computers during this process

Fifty five percent of the respondents indicated that they use computers while

45% do not use any IT tools in the selection process.
Suggestions to Improve Selection Process of Bridge Construction Methods
The answers to this point highlighted the following points:

a) Designers should explore new bridge systems and avoid constraining
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b)

d)

g)

h)

b))

k)

themselves to their previous expertise;

Co-operation between designers and contractors should increase. It is
also beneficial that contractors provide feedback based on their

expertise;

The selection process should focus on achieving minimum duration

with high quality and minimum cost;

The information related to construction techniques, stages, cost, and
production rates as well as required resources, should be stored
electronically at a central location. Others also indicated that a
database should be developed for previous projects and should

contain previous problems and their solutions;
Computers can be used more to increase effectiveness and efficiency;

The process of designing construction techniques and the quality of

the produced drawings should be enhanced,

The economics of production for the different techniques should be

explored thoroughly in future projects;

The chosen structural system should take into consideration the pre-

requisites of the suitable construction method;

To search for the best expertise that suits a construction method

before construction starts;

To co-operate with international companies to gain knowledge and

expertise of the new techniques;

Explore criteria affecting choice of construction techniques and
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measure their influence where finished projects are considered as case
studies with particular emphasis given to projects with similar

conditions utilising different techniques;

) Provide training to young engineers in order to transfer experience to

them from experts.
Important Criteria

The respondents were asked to rank criteria at each level in the hierarchy from
the most important 1 to the least important N. The ranking of each level
represented one question in the questionnaire. The average rank for each level in
the hierarchy was calculated (i.e. based on the number of criteria). The average
ranking for the responses was calculated for each criterion. The criterion with an
average rank that is less or equal to the average rank of its level, are considered
important while criteria with an average rank above it are deemed less important
to respondents. As an example for calculating rank average in the case of

question 9 (i.e. Q9) illustrated in Table 5.3 is as follows:

1+2+3+4+5+6+7

Rank Average of (Q9) = 7

4

For the first level of the hierarchy, as cost will be used to calculate benefit/cost
ratio, the first eligible criterion was selected (i.e. construction method
characteristics) instead. The results of the average scores, the rank average and

evaluation of each criterion are indicated in Table 5.6.
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Table 5.6: Results of Criteria Ranking

Rank | Evaluation

Question
No

Criteria aver. Aver.
Cost 2.52 Important
Duration 3.03 fmportant
Bridge Physical
Characteristics 2.65 Important
o~ Construction Method 496 Less
o] Main Criteria | Characteristics ) 4.00 | Important
. Not
Stake Holders Objectives | 5.42 Important
. Less
External Constraints 6.00 Important
urrounding Environment | 4.00 Important
Cost/M2 1.10 Important
Cost Cost of repair during 1.50 Less
construction Important

i
- Erection & Dismantling Less
o Duration time ) 1.50 Important
o]

Total Cycles

Deck Curvature 3.00 Important
Less
_ ‘ Up/Down Grade 4,19 Important
& | Bridge Physical o2 297 | 300 | important
G | Characteristics | e:e sh-'u?:ft;re — : : mporfan
uper ei
from ground 2.94 Impertant
Span 1.20 Important
W B .v;;.“‘ LA AR PN P -,_.’:.;‘ -_ “.\ ~';,;"2'.
. . Less
Orientation 6.27 Important
Health and Safety 431 Important
\ Less
Qudlity of Concrete 4,52 Important
- Construction | Availability of CM 3.53 Important
Pt Method . 4.50 Less
o Characteristics | System Complexity 5.53 Imporiant
System Integrity 4,28 Important
Effect of CM Loads on
Design 4,03 Imporiant
% Applicability to

2.79 Important

i u ro!

e

Increasing competitive

65 Important

< | Stakeholders |advantage hé OV i
(<] Objectives Future Use 1.42 : Important
Other [ssues 293 L. Import.
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| =
e | Rank .
-'g zo Criteria aver. Aver. Evaluation
= ]
0 External | Managerial Capabilities 1.84 Less
p= . ) 1.50 Important
o Constraint -
| Post Experience 1.16

Important

Commercial aspects 2.48 Impl;glffso nt
5 Erl;lrr.oundlnr% Envirocnmental 226 2.00 Less
vironme Requirements ' Important
Site Conditions 1.26 Important
~ Machine Intensive_ 1.23 7 Ifnporfcnf
e Orientation . 1.50 Less
(e
Labor Intensive 1.77 Imoortant

Iortcmt

o Healthand  LConstructors 1.19 150 >
o Safety | Third Party ' 1mp§rsfsgm

KW

W .

Q19

Managerial
Capabilities

Site Control

Labor Control

Equipment Control

2.00

Impon‘onf

Less
Important

Less
Importan

. Lss "
o Commercial Constructor Responsibilities | 2.40 200 Important
C Aspects Contract Type 1.73 : Important
Procurement 1.87 Important
Cleaning 1.87 Important
. Less
~ Environmental Emnissions 2.84 250 Important
O | Reguirements ) Less
Waste 2.52 Important
. Less
Noise 2.71 Imoortant

IRt

e Lathaieh

Q22

Site Conditions

Location

Obstacles 1.74
Possession of Site 3.55
Construction Area 2.39

2,50

Important

Important

Less
Important

Important
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Rank .
& Criteria aver, Aver. Evaluation

Design-Build .07 Important

bt Constructor

™~

o Responsibilities | Build 1.93 1.50 Im;la-gsfson ;

= Negotiated Less

8 Contract Type Important
Competlitive Important
Locdl Importc:ﬁ

w Exemption of Customer 059 Less

& Procurement | duties ‘ 200 | Important
Availability of Foreign 200 Important

Currency

Surrounding Area Nature 2.00 Important

3 Location Accessib.ilify 1.84 | »pp [ Important
o Surrounding road network | . Less
capabilities ’ Important
Waterway Important
Railway Important
Less
M~
8 Obstacles Roads 361 3.00 Important
Less
Yalleys 3.48 Important
Utilities 2.84 Important
i g b S
ke s Ml
- Possession of Ful 1.35 1.50 ]mﬁ’_:'scm
] Site Parial 1.65 im

!:ess'
Material Storage 429 Important
Cranes Maneuvering 294 Important
. Less
&% Construction |y orkshop 4.45 3.50 Important
o Area Less
Climate 4.68 Important
Soil Condition 2,13 Important
Land Topograph 281 Important
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5.5.5 Discussion

Although some of the respondents indicated that they use specific procedures in
selecting an appropriate construction method, they were unable to identify them.
Most respondents described the process in terms of the criteria involved. It
implies that the use of a multi-criteria decision tool would satisfy their
expectations for a successful decision support system for dealing with the
selection problem. Although the respondents were asked to rank the criteria in
terms of importance, careful consideration should be given to criteria that are
deemed less important. The objective of this questionnaire is to generalise a
problem where a refined hierarchy is to be produced. It means that in the
majority of bridge projects, this hierarchy would include the necessary criteria. In
order to cater for extreme cases the overall hierarchy identified through
interviews will be made available to the users within the decision support system

should the need arise.

The results suggest that 88% were of the view that the choice of the construction
method is made very early in the bridge development life cycle. The majority of
the respondents stated that they use computers but merely as away of storing data
and/or performing calculations. The responses to other questions support this
explanation as they suggested that having databases containing problems and
their solutions, the stages in each method, resources, production rates, etc would

be useful.

Figure 5.5 illustrates the refined hierarchy after performing the necessary

modifications to reflect the respondents’ ranking of the criteria,
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Goal:
To select the best construction
method for superstructure

S e s

[ T | |

Duraticn Bridge Physical Construction Method Surrounding
Characteristics Characteristics Environment
— 1 1]
[ |
% applicabHity
| SpanLength "
to the Bridge Obstacles Location Con:t::non
S tructul
| | Superstructure | | —
Helght Availabitity
— Accessibility | [ Soil Condition
I Deck x-Section —IOE;T:';;";;TG"
| | Surrounding n Land
Area Nature Topography
— Curvature —‘s;vstom Integrity}
L Cranes
Maneuvring
— Hoalth & Safaty

Figure 5.5: Refined Hierarchy of Criteria and Sub-Criteria

5.6 STRUCTURED INTERVIEWS

Structured interview sessions were conducted with three of the industry experts
in order to obtain their views on the conditions governing the use of each of the
construction methods in Egypt. These experts were 2 contractors and 1 designer.
The two contractors had more than 25 years of experience while the designer had
17 years of experience. The main objective was to elicit their perception of the
practical limits constraining the use of these construction methods. The
interviewees were presented with an A3 tabular questionnaire and were asked to
complete it. The interviewees completed a list of questions describing the
conditions of using alternatives in terms of the shape of the cross section, height
of the superstructure from ground, span, horizontal curvature, surrounding area

nature, accessibility, type of obstacles, cranes manoeuvring capabilities, soil
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conditions, land topography range and type of concrete used.

5.6.1 Results

The results of the interviews are presented in Table 5.7. Ticks represent

applicable methods whereas crosses identify unsuitable methods.

5.6.2 Discussion

The knowledge elicited during these interview sessions, explores the respondents'
views on the conditions affecting choice of construction methods. The selected
criteria represent bridge structure as well as site conditions which usually limit
the use of certain construction methods. The main aim for eliciting this
knowledge was to limit the number of methods compared in the decision support
system as will be seen in Chapter 6. The methods of practical applicability to the
given design should be utilised. On the other hand, there is a fear that some of
these methods may be eliminated where they could have been included in the
comparison. Accordingly, extreme caution should be exercised in utilising this

knowledge in developing the prototype system.

The elicited knowledge was compared to the knowledge contained in textbooks
such as Mathivat (1979). The comparison illustrates that, in some instances, the
perception of Egyptian experts on the limits of using construction methods is
behind techniques capabilities. For example, experts stated that both incremental
launching and advancing shoring systems can be used for maximum spans of
50m and 60m respectively. However, Mathivat (1979) specifies that they can be
used for up to 100m and 85m respectively. This implies that these two methods

in Egypt have not been stretched to their full capacity. Although, predictably, in
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most cases this will entail at least modifying the existing systems, their presence

in the selection domain is important as they may prove competitive when

compared to other systems.

Table 5.7: Conditions of Using Construction Methods

Superstructure Construction Methods
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Superstructure Construction Methods
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5.7 PROCESS TRACING

The objective of using this elicitation technique is to investigate the items
constituting the cost components for each of the construction methods. The
knowledge on how the estimation process is performed by experts needed to be
captured in order to compare the costs to the benefits arising from using different
techniques. Since this knowledge involves “process”, process tracing and
protocol analysis were chosen to elicit this knowledge. There are two main

objectives for undertaking process tracing:

1. To investigate how bridge experts estimate the cost of construction methods;

and
2. To identify the cost elements involved in each type of construction technique.
An experienced estimator was asked to think aloud while generating the cost

clements of the construction methods. He had fifteen years of experience and has
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been working as a bridge estimator for ten years. He was informed of the overall
aim to compare these construction methods. A series of sessions were conducted
and recorded. The finalised model of the cost elements was demonstrated to two
other experts, who had more that 25 years of experience, to express their
opinions, which were then discussed with the estimator, and the model was

finalised.

5.7.1 Results

There are two main types of estimates by which bridge experts calculate the cost
of construction methods. The first is by calculating the preliminary cost based on
the cost per square metre of the bridge deck area. This is an approximate method
and is used widely by experts either to determine a rough estimate of the cost at
the beginning or to check the rationality of detailed estimates. The second type of

estimate is detailed and offers better accuracy in calculating costs.

The detailed estimating process was traced and the protocols were constructed
into a list that contains the elements of the cost involved for each technique. Nine
main cost elements were identified by experts as constituting the cost involved in
the calculation of the detailed cost for construction methods: general, formwork,
falsework, concrete, steel reinforcement, prestressing, bearings, expansion joints
and others. Some of these elements were further sub-divided into one or two
levels depending on the technique used. It was found that the components of the
items general, formwork and falsework generally vary from one technique to
another. However, the components of concrete, steel reinforcement, prestressing,
bearings, expansion joints are normally the same for all methods. These cost

element are presented in Appendix E. The item, “others”, includes the items that

181



may differ from one bridge to another and are not covered by the above

mentioned items.

5.7.2 Discussion

The participants suggested that preliminary cost estimates may be used based on
the cost of the deck area per metre square. Although approximate, it provides
enough guidance especially at the early stages of bridge development. Inflation
should be taken into consideration in these calculations. Contractors revert to
detailed cost estimates if they are required to submit an alternative solution with
their basic offer, as their offer will be legally binding. There are three main items
identified initially by the experts as the main components of the cost of any
bridge project which are: direct cost, indirect cost and mark up. Direct cost
elements were identified and discussed in Section 5.7.1. However, to simplify the
process and taking into consideration that ultimately the requirements are to
compare construction methods in terms of cost, it was decided to focus on the
direct cost as the other items should normally be the same. The items pertaining
to indirect costs would vary from one method to another and were included in the
item “general” (e.g. general equipment). However, should further cases arise for
changes between techniques in the calculations of the indirect costs and/or mark-
up they can be included in the item “others”. In some instances, the decision
maker may decide to change mark up between techniques in order to cater for
other objectives such as increasing competitive advantage. This item “others”
may also include the total cost of substructure and piers as their cost may be

affected by the changes in the superstructure,
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5.8 SUMMARY

This chapter has discussed the knowledge elicitation process adopted in order to
obtain the knowledge required to develop a decision support system that helps in
selecting construction techniques of the superstructure. This process involved
capturing and transforming appropriate information from bridge engineers into a
manageable form that can be utilised. There were five main techniques used to
fulfil this objective. Semi-structured interviews were conducted in order to
capture and understand the criteria affecting selection of construction methods,
whereby 37 criteria were identified. The card sorting technique was used in order
to develop a hierarchy that organises these criteria into a comprehensible format.
Questionnaire surveys were used to rank criteria in order of importance and to
understand some of the specific facets of the decision making process. Structured
interviews were conducted in order to capture the conditions for using each
construction method. It revealed that the experts’ perception about the use of
some of the construction methods falls behind the methods capabilities. Process
tracing and protocol analysis were used in order to identify cost elements of the
construction methods. The next chapter discusses the development and operation
of a prototype decision support system using the knowledge elicited in this

chapter,
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CHAPTER 6: SYSTEM DEVELOPMENT AND

OPERATION

6.1 INTRODUCTION

This chapter presents the development and operation methodology of the
prototype system development. The system architecture is presented and the
process adopted in the development of the system modules. The operation of the

prototype system, including data input and results, are also described.

6.2 SYSTEM DEVELOPMENT

Turban and Aronson (2001) define System Development as an orderly approach
that is used to enable systems to become reality. The traditional system
development life cycle provides a structured approach to development where
four main phases are involved including planning, analysis, design and
implementation. During the planning phase, the need for the system is identified
and its feasibility is examined in terms of systems technicality, cost and
organisational fit. The analysis phase addresses issues related to users and system
objectives, leading eventually to the development of the process and data models.
The design phase is concerned with e;(plaining how the system works and it is
when the details of software and hardware are specified, including the user
interface, forms, displays, programs, databases, and files. The implementation
stage integrates the results of the planning, analysis and design phases so as to
construct the system and verify that it is free from errors. Satzinger et a/ t2004),

indicate that these phases are sometimes referred to as the waterfall approach as
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shown in Figure 6.1.

Planning Phase K

Analysis Phase e

Design Phase

Implementation Phase

Figure 6.1: The Waterfall approach to the system development life cycle

(Satzinger et al, 2004)

There are a number of methodologies for development under the traditional
system development life cycle depending on the manipulation of the
development phases. Examples of these methodologies are the parallel approach
and the rapid prototyping approach. In the parallel approach the design and
implementation phases are split into several concurrent sub-phases each
addressing certain aspects (i.e. sub-systems) of the system. These sub-systems
are integrated to compose the final product at the implementation phase. In rapid
application development, the system is developed quickly and iteratively so that

the user obtains some functionality at a very early stage.

Whitten et al (2004) identify two main reasons that instigate developers to use
the rapid application development strategy. It enables the active participation of
system users in the analysis, design and implementation activities. It accelerates
the process through an iterative construction approach thus enabling the rapid

presentation of the system to users.

Turban and Aronson (2001) state that there are three main methodologies for
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rapid application development including phased development, prototyping, and
throwaway prototyping. In phased development, the system evolves sequentially
in a series of versions where each version has more functionality than the
previous one until the final product is reached. Prototyping is the major
methodology used in developing DSS where analysis, design and implementation
are performed concurrently and are repeated if necessary to enable rapid
provision of the system where users’ input can be used to refine the system. In
throwaway prototyping, a design prototype is developed to help in understanding
the system. This prototype is developed on simpler development platforms as
pilot tests so as to understand user requirements as well as problems. Once the
pilot test is successful, the prototype is discarded and a preliminary design of the
real system takes place where it is completed following any of the system
development life cycle models. The latter type is some times referred to as

“discovery prototype” (Satzinger et al, 2004)

Turban and Aronson (2001), indicate that rapid prototyping may be regarded as a
convenient approach to develop DSS which normally deals with semi-structured
or unstructured problems. These problems are not normally fully understood by
the researcher and the decision maker from the beginning. Rapid prototyping

may also be referred to as iterative design or evolutionary development.

6.2.1 Rapid Prototyping

Rapid prototyping was the approach adopted to develop the decision support
system BridgeConstruct. McGraw and Harbison-Briggs (1989) define rapid
prototyping as “a technique in which a simplistic model of the system is devised

to demonstrate some functionality, to experiment with different approaches, and
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to evoke user feedback”. Chau e @l (2003) demonstrate that rapid prototyping
has its origins in the manufacturing of industrialised products. As presented
garlier, rapid prototyping is one adaptation of the traditional system development
life cycle. According to Hix and Hartson (1993), systems adopting this approach
are developed sequentially in modules. After completing each module, it is
refined and deployed to users. The next module is then developed, refined and
added to the system over time, and so on. The system evolves as more and more
modules are developed subject to the available budget and development time.
Throughout the development process the researcher and users are able to refine
the way older sub-systems work and use their new-found knowledge in
developing new modules. As more is learned about the structure of the real
system from decision makers new knowledge is incorporated into the newer

modules and older ones are updated.

McGraw and Harbison-Briggs (1989) indicate that rapid prototyping is
favourable in small, better understood problems rather than complex ones where
other approaches may be deemed more appropriate. However, Turban and
Aronson (2001) argue that it enables researchers dealing with decision problems
to learn more about them as decision makers are involved in the various phases

of the development process.

Hix and Hartson (1993) demonstrate the rapid prototyping process in Figure 6.2.
The process starts with system analysis in order to understand the decision
problem as reflected by Laudon and Laudon (1998) who define system analysis
as “the analysis of the problem that the organisation will try to solve with an

information system and consists of defining the problem, identifying its causes,
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specifying the solution and identifying the information requirements that must be

met by a system solution”.

I Test Plan, Criteria ‘
Requiremants Requiremenis L Specifications . Programs.
#1  Problern 1 Application Application -
Domain Software Software
Design | Design | Implementation L
Constraints Consiraints Constraints Errors and
and i and 'y and Bugs _
Prablams Prablems Problams User.
Based
Testing
Main Fesdback: Dasign Flaws, Emors, Modifications and
System Evaluation
Analysis - Major Reconsiderations of
Interfacs Interface
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Requirements Software and non-
. Usability Sofiwars Design p tation t
spacifications User Raguiremsnts User Specifications | Programs interface
- User Interface Software
Interface Interface
. Software
Interaction Software .
; - . Implementation Ly
Constraints Design Constraints Design Constrainls snd Errors
and Problsma 3 A and Probl 3 Problems and Bugs
5 Main Feedback is dus lo fow usability: Design Flaws, Emors,
Madilications [
r
| \ B Test Plan, Usabifity Spaciications
Formative
Rapid
User Based %
Evaluation Prototyping

Figure 6.2: Rapid Prototyping Process (Hix and Hartson, 1993)

The process goes along two main courses, development of the application
structure and the user interface. Along the first course, the structure of the
database tables and their relationships, queries, SQL statements, and integrating
Microsoft Access with Expert Choice constituted the main issues. The second
course involved the development of the user interface including forms, combo
boxes, list boxes and reports. In both directions the process is attributed with

constant review and feedback so as to improve the system.

6.3 PROBLEM DEFINITION

The problem begins when bridge engineers are required to select an appropriate
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construction technique for the superstructure for a concrete bridge project.
Bridge engineers are normally required to address a number of issues or criteria
in the course of making this decision. These issues are incorporated into their
decision and are assessed based on their experience as well as intuition, in order
to arrive at a sound decision. According to Lu {1995), expert’s intuition is good
in defining important criteria but poor in combining and assessing them, The
developed prototype system, which is called “BridgeConstruct”, addresses this
problem and enables bridge practitioners to assess the appropriateness of
construction techniques by combining the important criteria affecting the
decision whilst stressing the intuitive element that is usually attributed to this
decision process. The functional architecture of the prototype that supports the

decision maker in such decisions is presented in the next section.

6.4 FUNCTIONAL ARCHITECTURE OF THE

PROTOTYPE SYSTEM

BridgeConstruct consists of four main modules that describe the system’s
functional decomposition as illustrated in Figure 6.3. The first module, the
| introductory module, informs the decision maker of the different components of
the system, their objectives and how to use them. This module also includes
information about different construction techniques. In the second module, the
system identifies the feasible construction techniques based on the project and

site conditions, which are input by the decision maker.

In the third module, the feasible alternatives are compared based on the
developed hierarchy in order to obtain their prioritization (i.e. their relative

weights). Module four deals with cost calculations which are determined by
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using either the preliminary cost model or detailed cost model. Finally the
benefits calculated in module three are compared to the cost calculated in module
four so as to rank alternatives in order of merit, where the highest ratio presents

the most favourable construction technique.

Module (1)
Introductory Module

)

Gather Information On
»  Construction Techniques [—
And Compile Them

Development Problem Definition
Phase And System Design
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Project Information

Operaticn Read Information
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System Modules

View Information Of The Input Project Main
Construction Techniques Information

y

Module (2)
Identifying Feasible Alternatives

v

Development
Phase

Identify Conditions Of Using
Alternatives

Identify Criteria | Identify Alternatives >

Operation Input Project L Identify Feasible .| Change Site Conditions Or
Phase Conditions Altermnatives 7| System Properties If Required

3

h 4

Madule (3)
Comparing Feasible Alternatives
To Obtain Their Benefit Priorities

v

Development Identify Overall Construct Hierarchical o Refine Hierarchy J

Phase Criteria Representation Of Overall Criteria

. Pairwise Comparison . . L
Operation Of The Criteria And N Synthesise To Obtain | Perform Sensitivity

Phase

Altetnatives Prioritization Of Alternatives Analysis

h 2
Module (4)
Cost Estimation Of Feasible Alternatives
To Obtain Cost

)

Develop The Construction N Develop Cost
Cost Estimation Sheets Estimation Model

Development

Phase I'dentify Cost Elements

- Calculate Cost Using : .
Qperation Preliminary Or Detailed Normalise Cost For Feasible o] Calculate Benefit/

Phase Cost Estimate Model Construction Techniques Cost Ratio

h 4

The Construction Technique That Has The Highest Benefit/Cost Ratio Is The
Most Appropriate Technique

Figure 6.3: Functional Architectural Decomposition of the Prototype System

The concept of maximizing benefit to cost has its roots in the assumption that
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decision makers are economic beings who try to maximize benefit per unit cost
as discussed in Section 4.1.2.2. By fulfilling the input requirements of these
modules the decision maker will be able to make sound judgements taking into

consideration the different criteria that contribute to his/her decision.

6.5 PROTOTYPE SYSTEM DEVELOPMENT

6.5.1 Context

Multi-criteria Decision Support Systems (MCDSS) as part of DSS consist mainly
of three main components: data sub-system, model sub-system and dialogue sub-
system. The data sub-system manages data storage, update and retrieval while
the model subsystem includes the software that implements the multi-criteria
decision making in a structured approach. The dialogue sub-system provides the
interface between the system and the decision maker (Siskos and Spyridakos,

1999).

Little (1970) argues that in order for a DSS to be successful, it must be simple,
robust, easy to control, adaptive, complete on important issues, and easy to
communicate with. Lu et a/ (2000) in their research on one hundred and eight
participants of senior Management Information Systems students concluded that
the perceived ease of using DSS has no direct bearing on users’ preference or
willingness to use it. The findings suggest that DSS designers should place more
emphasis on making users believe that a DSS is useful rather than focusing on

the development of an easy-to-use interface.

6.5.2 Development Environment

Acknowledging these findings, BridgeConstruct integrates the capabilities of
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three software systemﬁ: Microsoft Access, Expert Choice and Microsoft
PowerPoint. Microsoft Access is used as the main interface that incorporates
project information, identifies feasible alternatives, and calculates both cost and
benefit/cost ratio. Expert Choice is used to deal with the multi-criteria evaluation
where the cc_)nstruction techniques are ranked in terms of their goal attainment. It
is also used to examine their sensitivity of the construction techniques. Microsoft
PowerPoint is used to view information on the different construction techniques.
Microsoft Office products are used by most PC users which makes it
advantageous to use Microsoft Access as the main interface for the prototype

system and offers a tremendous usability advantage.

Multi-criteria evaluation could have been done using other packages such as
Microsoft Excel, however the capabilities offered by Expert Choice, favoured its
use. Abdullah (2003) lists some of the usefil features of Expert Choice as

follows:

1. It offers a friendly graphical display that enables the decision maker to build

the model easily and view it conveniently using a tree view or a cluster view;

2. The methods of elucidating judgements using pairwise comparisons may be

performed numerically, verbally or graphically;

3. Consistency is examined throughout the process for every level in the

hierarchy;

4. It is capable of performing sensitivity analysis which is seen by many as one

of its powerful determinants.

Furthermore, Expert Choice 2000 files are structured based on Microsoft's

192



Access (Expert Choice Manual, 2000). This fact reduces conflicts that may arise

during system operation due to integrating Microsoft Access and Expert Choice.

The next sections will discuss the development of the prototype system modules.

6.5.3 Development of the Introductory Module (Module 1)

The introductory module presents the initial stage of the system that the user sees
on activating the system. The main objective of this module is to provide the user
with help in order to understand how the system works. It also contains
hyperlinks to Powerpoint presentations that shed light on the various techniques
used in the construction of the concrete bridge superstructure. Most presentations
contain video files and all of them contain pictures describing construction
techniques as well as the process used in construction. These presentations can
also be placed on an organisation’s server and accessed by users connected to the
network. A pilot test was performed to verify that it operated without problems.
The introductory module is primarily used as a way of communicating with users

and can also be activated during the operation of the other modules.

6.5.4 Development of the Module that Identifies Feasible Alternatives

(Module 2)

Semi-structured interview sessions were conducted and eight construction
techniques were identified as being used in the construction of the superstructure
of bridges in Egypt. During the development process some of these alternatives
were eliminated by practitioners using rules of thumb. Such elimination permits
the decision maker to focus on a limited subset of alternatives instead of

examining them all in later modules where extensive effort is required. The
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conditions of use are portrayed along three main technical criteria that affect the
decision problem, bridge characteristics, site conditions and concrete type, for
each construction technique. The results obtained from Section 5.6.2 were used
mainly in this module. However for the span length criterion, the results were
complemented with findings from literature for two methods, advancing shoring
system (85m) and incremental horizontal launching (100m) in order to present
the decision maker with a wider perspective of the competitive construction
techniques. The output of this stage was a list of feasible alternatives, which is

used in modules three and four as discussed in the following two sections.

6.5.5 Development of the AHP Model (Module 3)

6.5.5.1 Developing the AHP Hierarchy

The AHP hierarchy is a representation of a complex problem on a number of
levels where the first level represents the goal to be achieved, followed by
criteria, sub-criteria and so on down to the lower level at which the alternatives
are located. The criteria affecting the selection of construction techniques were
classified into seven categories and presented in level 1 of the model to serve as
the main criteria. Up to six levels of criteria were developed to create the overall
hierarchy. The last level in the hierarchy presents the construction techniques that
were used as alternatives. It was important in constructing the hierarchy to
include the bridge experts’ ideas and to debate these until the problem was
clearly defined. For this reason, the criteria and alternatives resulting from
knowledge elicitation were used to construct the overall hierarchy shown in

Figure 5.1.
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Card sorting was used to construct the AHP hierarchy for input into Expert
Choice. This methodology involves creating, reviewing and modifying the
decision hierarchy with the experts until the final hierarchy is developed. The
overall hierarchy portrays the criteria identified by experts during semi-
structured interviews and offers comprehensive representation of the criteria
affecting the selection of superstructure construction techniques in Egypt. The
complexity of this hierarchy may deem it impractical as indicated by some users.
Accordingly, questionnaire surveys were sent, with the respondents required to
rank the criteria at each level of the hierarchy in order of importance. The
responses were analysed and a refined version of the hierarchy was produced as
illustrated in Figure 5.5. Nevertheless, BridgeConstruct permits users to utilise
either the overall hierarchy or the refined one. When using the overall hierarchy
the decision maker may eliminate irrelevant criteria and use the remaining for

comparison purposes.

6.5.5.2 The Pairwise Comparison

The second step in the development of the AHP model was to define the priority
(or weight) for each criterion and alternative based on the decision maker’s
judgement using pairwise comparisons. At each level, pairwise comparisons are
undertaken for each category with the ones in the adjacent upper level, and the
ratings are entered into a comparison matrix as discussed in Section 4.3.2. The
elements on the second level are arranged into a matrix, and the expert makes
judgements about their relative importance with respect to the overall goal of
selecting the most appropriate construction technique. The judgements are

entered using the AHP pairwise comparisons scale as introduced in Table 4.2.
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For example, when judging the relative preference of factors located at Level 1
with respect to the goal at Level 0, a rating of 1 may be assigned in the
comparison between structure characteristics and site conditions. This indicates
equal importance between the two criteria. On the other hand, if the decision
maker decides to give a rating of 7 in comparing site conditions with time with
respect to goal, this would indicate that the site conditions criterion is very
strongly favoured or important when compared with the time criterion. All the
remaining pairwise comparison matrices between the nodes in the hierarchy can
be established by following the same procedure. Similar pairwise comparison
tables exist for all levels in the hierarchy. The weights are assigned by the
decision maker and depend on each project’s circumstances. This is why it is
important that the decision maker has enough experience so as to be able to
assign reasonable and consistent weights. Expert Choice calculates the
inconsistency in the resulting decision, based on the calculations presented in
Section 4.3.3, which provides a convenient way to locate any inconsistencies
among a set of pairwise judgements. Inconsistency can be improved by changing

judgement and making a new paired comparison.

6.5.5.3 Svnthesis of the AHP Model

Synthesis involves the process of weighting and combining priorities throughout
the model after judgements have been made to derive the final result. The
synthesis process converts all the local priorities into global weights of the
alternatives. The global priorities for each alternative are then summed up to
produce overall or synthesised priorities. The preferred alternative is the one with

the highest priority.
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There are two modes for synthesis that are offered by AHP, distributive mode
and ideal mode. Expert Choice Manual explains that the distributive mode is
used when all alternatives should be considered and matter to the decision maker.
It basically distributes the weights of the objectives among the alternatives;
thereby dividing the full objectives' weights into proportions relative to the
percentage of preference of each of the altemnatives. The ideal mode is used when
the decision maker is only interested in knowing the best alternative and where
the other alternatives are not important to him. It distributes the full priority of
the objective to the alternative that ranks highest under that objective. The other
alternatives are given a priority in proportion to each alternative and the highest
alternative. The difference in the results between the two modes is usually very
small and is of theoretical significance rather than of a practical one as explained
by Abdullah (2003). The debate on the circumstances of each mode was

presented in detail in Section 4.3.4.2.

Since the priority rating of all feasible construction techniques needs to be
referred to again at Module 4, in order to compare it to cost, the distributive

mode is used to derive the final result.

6.5.5.4 Sensitivity Analysis

The purpose of the sensitivity analysis tool offered by Expert Choice is to
graphically see how the priorities of the alternatives change with respect to
changes in the importance of the criteria and sub-criteria. There are five types of
sensitivity analyses: performance sensitivity, dynamic sensitivity, gradient
sensitivity, head-to-head sensitivity and Two Dimensional sensitivity.

Performance sensitivity displays graphically how the alternatives perform with
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respect to all criteria. Gradient sensitivity demonstrates the composite priority of
the alternatives with respect to the priority of a single criterion. Head-to-head
sensitivity displays how any two alternatives compare with respect to each
criterion and the goal. Two Dimensional sensitivity displays how alternatives
perform with respect to any two criteria. In all cases, there must be at least two
levels below the selected node. These levels can be comprised of at least one
level of objectives and altemmatives or two levels of only objectives (Expert

Choice Manual, 2000).

6.5.6 Developing Cost Estimation Model Module (Module 4)

After completing module 3 and obtaining the priorities (weights of benefit) of
each construction technique, the decision maker has to calculate cost for each of
the feasible construction techniques. The items involved in such calculations
have been elicited by tracing the process of estimation as performed by bridge
experts as explained in Section 5.7. Initially, the experts’ knowledge was
compiled in Microsoft Excel format so as to facilitate the modification process.
Finally, these elements were developed in Microsoft Access. The cost for each
feasible construction technique can be estimated using either preliminary cost
estimate or detailed cost estimate models. Bridge engineers can use the
preliminary estimate model as a quicker, although less accurate, means to
estimate construction cost based on the surface area of the deck. Detailed
estimation is more accurate, but takes more time to complete. Both the
preliminary cost estimate and the detailed costs are normalised so as to be able to
perform meaningful comparison with the weights resulting from module 3. The

next two sections discuss the development of these two cost estimation models.
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6.5.6.1 Developing Preliminary Cost Estimate

The preliminary estimate is probably the most common kind of estimate the
average bridge engineer utilises. It can be used when bridge engineers are
estimating a project similar to another one they have done before, and where the
structures are in relatively similar condition and were executed with the same
construction technique. Preliminary estimates are usually calculated per square
metre of the deck surface area. The total price per square metre of older similar
projects is multiplied by the total area of the required bridge deck. The costs of
each construction technique are calculated after taking into consideration

inflation and the resulting estimates are then normalised.

Preliminary cost estimates are generally used by senior estimators as a way of
verifying detailed cost estimates prepared by junior estimators. In
BridgeConstruct, users may compare benefits resulting from module (3) for each
construction technique so as to limit detailed estimates to a limited subset of

feasible alternatives.

6.5.6.2 Developing Detailed Cost Estimation Model

Bridge engineers need to undertake a “take-off” exercise (i.e. to establish the
quantities of the key components of the structure) before they can proceed with
the detailed estimate, which is required to be accurate and realistic. When
performing take-off, bridge engineers must consider the structural configurations

of the bridge, drawings, specification, and site conditions.

The elements involved in the detailed cost estimate have been elicited using

process tracing sessions with bridge experts as indicated in Section 5.7. Bridge
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costs were divided into nine main elements as illustrated in Appendix E. These
elements have a maximum of a two more sub-elements. They may vary from one
construction technique to another. The cost elements are developed in Microsoft
Access forms that automatically collate all cost elements and calculate the total
cost. The final estimates of construction techniques are then normalised to
establish the relative cost of each construction technique. BridgeConstruct
permits users also to modify cost elements by addition, elimination or

modification so as to reflect their own needs.

6.6 PROTOTYPE SYSTEM OPERATION

BridgeConstruct provides a decision support tool to help bridge practitioners to
select the most appropriate construction technique for a specified project. It is

designed to allow judgemental input from users in the decision making process.
The operational objectives of BridgeConstruct are to:

1. Provide a structured framework for the decision making process in order to
help bridge practitioners to select the most appropriate superstructure
construction technique taking into account the various aspects of the selection

process including technical and economical aspects;

2. Enable bridge engineers to make rational and justified decisions by using

graphical reports and sensitivity analysis;

3. Provide information on the construction techniques to support the decision

making process;

4. Provide practitioners with a bridge cost estimation model that is customized

to solve some of the estimation problems (such as reducing the time to

200



perform estimate) that were faced by engineers;

As stated earlier, the system consists of four main modules, introductory module
(Module 1), the module that identifies feasible alternatives (Module 2), AHP
calculations module (Module 3) and cost estimation module (Module 4). The

system operation process is illustrated in the flowchart presented in Figure 6.4.

6.6.1 System End-users

The end users of BridgeConstruct will be bridge engineers who have experience
and knowledge in selecting construction techniques in their respective
organisations. This characteristic is important because the prototype system is
designed to incorporate expert judgement in the selection process. Inexperienced
bridge engincers may also use the prototype system as a training tool, since the
selection process is strpctured and the system offers considerable information on

construction techniques.

6.6.2 System Requirements

BridgeConstruct has been developed on a personal computer running Microsoft
Windows XP Home edition. It requires Microsoft Access 2002, Microsoft
PowerPoint 2002 and Expert Choice 2000 (or later versions) to be installed.
Microsoft Access and Expert Choice files require around 8 MB of data storage
while 124 MB is required for PowerPoint files. PowerPoint files may be stored
on a server if a network is available in order to reduce the storage requirements.
The system also requires 37 MB of RAM in order to run Expert Choice Software
and an extra 5 MB of data storage. BridgeConstruct is stored as a Microsoft

Access file.
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Figure 6.4: Prototype System Operation
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6.6.3 Starting the Prototvpe System

MS Access manages the operation of the prototype system and it is from this that
Expert Choice and Microsoft PowerPoint are activated. The system can be
started by double clicking on the "BridgeConstruct" Icon. The user will view a

screen that introduces the system as shown in Figure 6.5.

BridgeConsiruct

Developed by

Mohamed A. M. Youssef

Under the supenvision of

Prof. Chimay Anumba Prof. Tony Thorpe

. w e e e

Figure 6.5: BridgeConstruct Welcome Screen

This screen lasts around 10 seconds and the following window appears as shown
in Figure 6.6. The introductory module contains information about construction
techniques which can be viewed using PowerPoint by clicking on the relevant
hyperlink. The information contains video files, drawings, pictures and text
describing the components of construction techniques as well as the process of
construction. This module offers a brief summary of each module objective and

its method of use.
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6.6.4 Data Input for Project Main Information

The user has to specify basic project information including project name,
description, location, client and engineer. A unique project code is automatically

assigned by the system to each project.

The user may also choose to open an existing project so as to view its
information or to add another area in later stages. This can be done by choosing
the required project name from the combo box at the right hand side of the

screen. Figure 6.7 illustrates a screen dump of the form containing data input for

projects’ main information.

roduction : Form]

§ ecords Wrow e
Infroductory Module
BridgeConstruct helps decision makers to evaluate and select b tion methods of the superstruocture. The system

cousists primarily of four main Modules: lutroductory Module, Identifying Feasible Alternatives Module, Pairwise Comparisou
Module, Cost Estimate Module.

'Emodudan- Module: I

This module contains general information about the system and its componants. It also contains links to information of different construchion
mathods. It enables user to divide the project into many areas {L.e. if appropriate) according lo the variation in the bridge and site conditions.
Tha usar 13 also requasted to give brigf general describtion of the project location, client and Engingar.

the daw fo ) | Methods :

T ey T rptemieyieraly Jperieperde ~plor ot~ —
L}]mlmllal Incremental Lumching (Deck Pmlgg:_l

o= Presentatons:
ientifying Feavible Altermmrey—rron
This module itmits number of alternatives by excluding unfeasible ones thus making pairwise comparison easiar and more efficient. The
selection 15 based on information stored in the database about the witimate cond, of use of hods 1 Egypt. The information
stored 15 a result of a senes of interviews wath bridge professionals. The usar has to input bridpe and sita data for the required area to obizin a
list of dlternatives. [f ha L3 satisfied with thiz l1st ke can go to the rext module. Tha user can includes more clternatives by changing either site
conditions or construction system but i either case he has lo take note of the resulting cost to be input in the cost mode! module.

Pairwise Comparison Of Alternatives Module:

This module enables user to compare fearible alternatives (i.e. obtained from the previous module) using Expert Cholce. Expert Choice enables
users to compare different alteratives using Analytic Higrarchy Process (i.e. AHP). The user wall will have to inactivate trrelevant
alternatives first. Then he will have to compare criteria to esch other against poal and the alternatives to ecch other and cpainst the last level
of the hiararchy. After performing necessary calculations the weight of each altemative will be viewed. If the user is satisfied with the rendts
he can go to the next modile, {f he 15 not, he can use a more comprehensive hierarchy (Le. overall hierarchy), yet more complex, in order to

Aamnare nltormativee Fimally tha 1ear wcet take o note Af the roedting worohte im Ardar tr inrat thom intar

| [Click Here When Finished |

Figure 6.6: Part of the Introductory Module (Module 1)
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™ BridgeConstruct - [Project Main Information]

W e Est jnsent fecords Window LD » X
Project Main Information
A Click Here to Add Area fo
ProjectName: | Suez Canal bridge an Existing Project,
Project Code: [ 11
Add lrn]ull
he bridge crosses Suez Canal. The Delete
Project Description: Project was commissioned betwean 3 M

contractors. The East approoch
connects the bridge to SINAland s

Project Location: I 5 km to the south of Quantara City
Client: I Ministry of Transportation, GARBLT
Engineer:|  PCi/Chodali in association with ACE

_« | i) O | _» |

Figure 6.7: Data input for Project Main Information

6.6.5 Data Input for the Module Identifying Feasible Superstructure

Construction Techniques

Long bridges cross sites of different nature thus resulting in differences in height,
length, span, land topography, obstacles, soil condition, site conditions, etc. It
might be appropriate in this case to divide the bridge into areas of similar nature

in order to investigate feasible construction techniques for each individual area.

Several tables have been created in the database where the conditions of using
each construction technique are stored and related to each other. Consequently,
BridgeConstruct can choose the techniques that match information input by the
user for bridge characteristics, site conditions and concrete type and fulfils the

requirements of their conditions of use.

The bridge may be divided into several areas and the user is required to input
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each area name, the bridge cross section, span length, superstructure height, deck
curvature, soil conditions, crane manoeuvring capabilities, land topography
range, type of obstacle and concrete type. After making all the choices from the
relevant combo boxes, the user has to click on the command button "Click to
View Feasible Alternatives" so as to view the results. There are two navigation
buttons which direct the user either to the next step or to go back to modify any
of the project information. The user may activate the introductory module by
clicking on the command button denoted by (?) at any time during system
operation. The user may finish BridgeConstruct session by pressing the
command button STOP. This process is illustrated using Figures 6.8, 6.9 and

6.10.

Hliudgc{on\lluu [MAN : Form] |
W Be (Rt fuet Hecords Wndow beb --8x

Bridge Characteristics and Site Data

Click here lo view an

Project code: 1 existing area
Project Name: Suez Canal ridge =] ERED
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Bridge Cross Secion: |;| Box. Section
Span Length: u F0<sicddm
Supenstruciure Height: u 10<=H<i Sm
Curvalture: u no curvalture

| [Click 7o View Fecsible Allemative(s)] |

Feasible Allernatives: | ~ Statonary system supported on ground
Stationary system usmg an elevated placform
 Advancing Shoning System

| I 1 11 1

- ¥ O | _» |

Figure 6.8: Data Input for Bridge Characteristics
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Figure 6.9: Data Input for Site Conditions
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Figure 6.10: Data Input for Concrete Type



The next screen that appears after pressing the forward arrow on Figure 6.10
displays a summary of the feasible alternatives. Users may change some of the
bridge characteristics or site conditions in order to increase the number of
alternatives by clicking on the corresponding button as illustrated in Figure 6.11.

However, the user must take account of the corresponding costs so as to include

them later in cost calculations.

Hllrl:lm‘f,om" uct - [Feasible allernatives)

@ e Edt Imet Records Wndow e veld X

Summary of Feasible Alternatives
Project Name: _

area: l BREO 1

Stationary system supported on ground
Stationary system using an elevated platform
Advancing Shoring System

Horizontal incremental lounching system

Feasible Alternatives:

Click i Approprice: _J Change bndge and Sile Dala 1o Include More Allemalives (if required)

Figure 6.11: Summary of Feasible Alternatives

6.6.6 Pairwise Comparisons

Having identified the feasible alternatives the next step is to perform AHP
calculations. The user can use either the refined hierarchy presented in Figure 5.5
or the overall hierarchy presented in Figure 5.1. Each can be activated by

clicking on the corresponding command buttons at the top of the screen as



illustrated in Figure 6.12.

™ BridgeConstruct - [Weight : Form) )
s
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—
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Project Name Area Attemative weight
R 3

| =l 5 :

\

1

|

i Calculate Cost:

_| ©open preiiminary Cost Mode!

_l Open Detailed Cost Model

- | 1| @ -

Figure 6.12: Pairwise Comparison of Feasible Alternatives

Let us consider that the user chooses to click on the command button called
“Open Refined Hierarchy”, Expert Choice is activated and the file containing the
refined hierarchy is opened. The file then has to be saved preferably using a
name that relates to the project and area names. The user has to deactivate the
alternatives that are not feasible by clicking the right mouse button while

pointing at the required alternative. This is shown in Figure 6.13.

6.6.6.1 Assigning Judgement in Pairwise Comparison

The user is required to assign his/her judgement concerning the relative
importance of the criteria with respect to the node in the upper level. He/she will

also be required to assign their judgements which reflect his/her preference to use
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alternatives. This preference is the result of comparing criteria to each other with
respect to the criterion at the higher level of the hierarchy. Expert Choice offers
three ways for the users to assign their judgements; linguistically (called verbally
by Expert Choice), numerically and graphically. They all correspond to the same
scale developed by T.L. Saaty for AHP as illustrated in Table 4.2. Verbal
judgements permit users to perform judgements where words represent the
magnitude of the scale. Numerical judgements enable the user to make
judgements using numbers that represent the magnitude of the scale. Finally, the
user may perform judgements graphically using bars that can be stretched or
shortened to indicate the relative dominance of the criteria being compared.

Figures 6.14, 6.15 and 6.16 demonstrate how different types of judgement work.

Expert Choice 2000  C:\Documents and Setling\TOSHIBA\My Documents\PHD\Sy1tem Developmen\REDUCED MODEL AHP
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@ Deck Cross Section Launching Tnases wed to [rect Precas Prestressed fnsms
@ Superstructure Height from Ground Erocting Bessm i C7anes or Heavy LTI Fest i
@5pan Length Horizontal Incrementad Launching Systos
- O Construction Method Eat ATaTaDve hame
@ Health and Safety romatcaDo;  POVEEN |
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@ System Integrity [Fsas0 nacevets msvers atenanves
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]
@ Surrounding Area Nature
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@ Land Topography
@ Crane Maneuvring

Figure 6.13: Deactivating Unfeasible Alternatives
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Figure 6.14: Assigning Verbal Judgement for Comparisons
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Figure 6.15: Assigning Judgements Numerically
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Figure 6.16: Assigning Judgements Graphically

6.6.6.2 Synthesis

A synthesis is automatically performed after all judgements in the AHP model
have been made and priorities have been calculated. When focus is returned to
the model view the priorities for the alternatives are shown in the alternatives
pane. The system presents priorities for the alternatives at the alternative pane
with respect to the node in focus. Figure 6.17 demonstrates the priorities of the
feasible alternatives with respect to Superstructure Height from Ground

numerically and graphically.

In order to obtain the priorities of the alternatives with respect to the goal,
‘synthesize with respect to goal’ is selected where the results of the priorities of
the alternatives are produced as illustrated in Figure 6.18. Two modes of

synthesis can be used to prioritise: ideal mode and distributive mode as discussed
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in Section 6.5.3.3. Because each synthesis mode combines priorities differently,

the user should know that each mode yields different, although normally very

similar, results. The distributive mode has been used in this example.

Expert Choice 2000  C:\DOCUMENTS AND SETTINGSWOHAMED YOUSSEFWMY DOCUMENTSWPHDASYS TEM DEVELOPMENT\REDUCED MODIL_SCBRID.AHP [ |[& |IX)
o & A P

DEEI SR LM Qredow DAL ¥
& |1 M = " LY i
(235) Supenincase Heighthom Grund 5. 040 ' toraten Dustogre e al
I Goal: Choosing the Best Superstructure Construction Method N e TR e — i
|l buration (G: 451)  Staonary System Wsing on Bevated Fiasorm an |
| - I bridge Physical Characteristics (G: .147) s e s |
I [ peck Curvature (G: .021) | Horizonkad ¥ i o Sk aos ||

I I Deck Cross Section (G: 084 [
| j= |superstructure Height from Ground (G: .040)
| Bl span Length (G: .052)
‘ « I construction Method (G: .11%)

« Il surrounding Environment (G: .241)

Infomation D ocument

Figure 6.17: Derived priorities of the alternatives with respect to superstructure

height from ground

6.6.6.3 Sensitivity Analysis

After completing the synthesis process to obtain the priorities of the construction
techniques, the user can examine the sensitivity of the alternatives to the
variations in criteria graphically via the sensitivity analysis tool. It shows the user
how the priorities of the alternatives change when the weights of the criteria

change.

As explained in Section 6.5.3.3, sensitivity analysis can be presented in five main
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ways: performance sensitivity, dynamic sensitivity, gradient, head-to-head and
two dimensional as illustrated in Figures 6.19, 6.20, 6.21, 6.22 and 6.23. The user
can perform this analysis with respect to the main criteria by highlighting the
goal and selecting the option ‘Sensitivity-Graphs’ from the main menu and

choosing the required sensitivity analysis.

The user must take note of the alternatives’ weights obtained via distributive
mode before exiting Expert Choice in order to input them again in Microsoft

Access as illustrated in Figure 6.24.

| Expert Choice 2000  C:ADOCUMENTS AND SETTINGSWOHAMED YOUSSEFWY DOCUMENTS\PHDASYS TEM DEVELOPMENT\REDUCED MODEL_SCBRED, AHP r.—llﬁ i&\
Fiie Edt
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[(Summary || Dejais |
Sort by Neme | Sont by Prosty | Mrsont
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&7
a2
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Figure 6.18: Synthesis with respect to objective
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Figure 6.19: Performance Sensitivity for the Nodes below the Goal

Figure 6.20: Dynamic Sensitivity for the Nodes below the Goal
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Figure 6.21: Gradient Sensitivity for the Nodes below the Goal
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Figure 6.22: Head to Head Sensitivity for the Nodes below the Goal
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Figure 6.23: 2D Sensitivity Graph for the Nodes below the Goal

6.6.7 Cost Estimation Model

The cost estimate model has been developed to be used in one of two
approaches, preliminary cost estimate and detailed cost estimate. The user can
choose the approach that is required to be used by clicking on the appropriate
button at the bottom of the "PAIRWISE COMPARISON OF ALTERNATIVES"

form shown in Figure 6.24.

6.6.7.1 Data input for preliminary cost estimate

In order to use the preliminary cost model the user must have the price per metre
square of the surface area of the bridge deck from previous similar projects.
He/she must also calculate the proposed bridge deck surface area. The two

figures are input by the user for each construction technique and the system
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calculates the estimated preliminary cost as shown in Figure 6.25.
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Figure 6.24: A Screen Dump of the Screen Showing Link to Cost Calculations
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Figure 6.25: Data Input for Preliminary Cost Model
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6.6.7.2 Data input for detailed cost estimate

The detailed cost estimate mandates that the user performs a complete take-off of
the quantities. The user after clicking on the "Open Detailed Cost Model" button
shown in Figure 6.24, is directed to the screen illustrated in Figure 6.26. The user
has to select the first feasible construction technique from the designated combo
box and the system automatically performs a query by which only the cost
elements relevant to this technique will be presented. There are seven fields in
this screen, Main Item, Sub-Item, Sub-Sub Item, Unit, Quantity, Unit Price and
Total. The first field is selected by clicking on the relevant combo box where the
related items are automatically filtered and available for the user in both Sub-
Item and Sub-Sub Item fields and should be selected by the user. The user also
inputs unit, quantity and unit price. The total for each row as well as the total cost

for construction technique are calculated automatically by the system.

In many instances the user may be required to obtain an overview of the cost
elements constituting the cost model or to input more equipment or other items
that affect cost in order to cater for their own needs. By clicking on the button
called "Modify Cost Model" illustrated in Figure 6.26, the user will be directed to
the screen presented in Figure 6.27. If the user wishes to see all the items that are
branching from each of the Main items he/she can click the forward arrow.
He/she may also choose to modify these items by adding or eliminating any of
them on the screens shown in Figures 6.27, 6.28, 6.29. The user may also assign
some of the items to other alternatives by clicking on the ‘Assign Alternatives’

button as illustrated in Figures 6.28 and 6.29.
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Figure 6.26: Data Input for the Detailed Cost Model
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Figure 6.28: Modifying Cost Element General Equipment
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Figure 6.29: Modifying the item Marine Equipment
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6.6.8 Output

The results and recommendations of the system can be viewed either after
performing the preliminary cost estimates or after performing the detailed cost
estimate calculations. For each area the ratio between benefit to cost is calculated
for each construction technique and the results for the area being calculated can
be viewed by clicking the button "View Benefit/Cost Ratio". For each project,
the results for all areas are presented together. The best alternatives for the
project for all the areas can be viewed by clicking the button "View all Project
Alternatives". These buttons are present in both preliminary and detailed cost
estimates as illustrated in Figures 6.25 and 6.26. The results can be viewed on
screen as presented in Figure 6.30. There is also a printable version of the results

as illustrated in Figure 6.31.
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Figure 6.30: Results of Benefit/Cost for Alternatives
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Figure 6.31: A Printable Version of the Output

6.7 SUMMARY

Rapid prototyping has proved beneficial as the methodology adopted for system
development. The prototype consists of four main modules: introductory module,
identifying feasible alternatives module, Pairwise comparison module, and cost
estimate module. The prototype has been developed to be flexible and to work as
a tool that supports the decision maker. BridgeConstruct has been developed in
Microsoft Access environment and using Microsoft PowerPoint and Expert
Choice during system operation. The system complemented the knowledge
elicited from Egyptian experts with the information extracted from literature in
module 2, that identifies feasible alternatives, in order to broaden the selection
domain and familiarise Egyptian Experts with the international practice. Chapter

7 presents the results of the prototype’s evaluation by industry practitioners.
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CHAPTER 7: EVALUATION

7.1 INTRODUCTION

This chapter describes the evaluation of the prototype system. It includes the aim
and objectives of the evaluation, the adopted methodology, the results and

discussions on the overall evaluation process.

7.2 EVALUATION AIM AND OBJECTIVES

The aim of the evaluation of the prototype system was to determine its usability
and functionality. The following objectives were the specific means to fulfil this
aim:

1. To assess the performance and accuracy of the prototype system;

2. To determine the applicability of the prototype system to the bridge

construction industry;
3. To assess the effectiveness of the system’s user interface; and

4. To obtain comments and recommendations for improving the prototype.

7.3 METHODOLOGY

Two types of evaluation were conducted in this research project: formative
evaluation and summative evaluation as discussed in Section 2.4.8. Formative
evaluation was conducted during the course of system development as part of the
rapid prototyping process, and involved a two-part process. The first was to
obtain users’ feedback on the input requirements of the system. It served as pilot

testing before undertaking the major research stages. The second part involved
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further discussions with industry experts upon finalising each module of the
prototype so as to obtain their feedback. Such feedback was then integrated into
the prototype development. The development took the shape of an iterative

process which continued until the system was ready for use.

After finishing the prototype system, a summative evaluation was undertaken:
this involved a series of interviews with industry experts so as to validate and
verify the prototype system. Validation is the part of the evaluation that deals
with the performance of the system or ‘building the right system’ that performs
with an acceptable level of accuracy. Verification is ‘building the system right’,
with the system correctly implemented to its requirements. Several experts were
interviewed by the researcher on an individual basis, Each session started with a
presentation, where the system objectives were explained together with a
schematic of the system operation. This presentation was followed by a
demonstration of how the system worked using an example. The respondents
were encouraged to participate by giving their comments during the session.
Once the prototype was demonstrated, the interviewees were then asked to
complete a questionnaire. Nine participants were engaged in the summative
evaluation process, seven of whom had contributed to the various stages of the
research and were part of the knowledge elicitation process at the outset of the
prototype system development. The other two participants saw the system for the

first time and had both an industrial background and research expertise.

7.4 QUESTIONNAIRE DESIGN

The questionnaire’s design was based on the aim and objectives of the evaluation

stated in Section 7.2. Eight respondents participated in the evaluation sessions
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where 4 of them had more than 20 years of experience, two had more than 20
years of experience and the remaining one had 5 years of experience. A sample
of the evaluation questionnaire is provided in Appendix D. The questionnaire

was divided into three sections as follows:

o Section A requested background information about the participant’s

name, position in their organisation and years of experience;

* Section B contained 29 questions addressing three main aspects of the
system: prototype system modules including introductory module,
identifying feasible alternatives module, pairwise comparison module and
cost estimation module; the system in general; and its applicability to the
bridge construction industry. To answer these questions the participants
were asked to tick the box that best represented their assessment on a five
point scale with the following ratings: 1 (poor), 2 (fair), 3 (satisfactory), 4

(good) and 5 (excellent);

» In Section C, the respondents were asked to outline the benefits of the

system and to make suggestions for improvements.
7.5 EVALUATION RESULTS

This section presents the feedback obtained from the evaluation questionnaires.
Nine interviews were conducted with eight questionnaires returned to the
researcher. Table 7.1 summarises the results from Section B of the questionnaire,
with the percentage of respondents that have answered each question presented

on the assessment scale.
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Table 7.1: Results of the Evaluation Questionnaire Survey

1 2 3 4 5

Questions . .
Poor | Fair | Satis. | Good | Excel.

Module 1 (Introductory Module)

How well does the introductory form help

0 0
in understanding how the system works? 62.5% | 37.5%

How well is the information about

0, 0, 0,
construction methods presented? 12.5% | 25% | 62.5%

Comments on Module (1):

Soil conditions affect the proposed bridge structural system and the system needs to
address this issue.

Module 2 (Identifying Feasible Alternatives)

How appropriate is the data captured for

0, 0,
the main project information? 62.5% | 37.5%

Do the resulting alternatives satisfy your

expectations? 25% | 37.5% | 37.5%

Do the identified bridge and site data

cover the key issues? 12.5% | 50% | 37.5%

6

In general, how appropriate is this

0, 0, 0,
module? 25% 25% 50%

Comments on Module (2):

This module is too flexible

The module explains in a good way the general information of the project
Owners’ views of the structural shape should be incorporated

Weather conditions should be taken into consideration

Module 3 (Pairwise Comparison Module)

How clearly are the selection criteria

defined in the system? 125% |37.5% | 50%

To what extent does the refined hierarchy
represent your perception of the criteria 75% | 25%
affecting choice of alternatives?
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Questions ] )
Poor | Fair | Satis. | Good | Excel.

To what extent does the overall
hierarchy represent your perception of

0 o,

? the criteria affecting choice of 37.5% | 62.5%
alternatives?

10 |How effective is the sensitivity tool? 25% | 50% | 25%
To what extent do the identified

11 |alternatives represent all the methods 25% | 75%
that are used in Egypt?

12 In general, how appropriate is the 12.5% | 37.5% | 50%

pairwise comparison module?

Comments on Module (3):

» A datum should be incorporated within the system so as to enable decision
makers to compare their assessment to both national and international
practice.

Module 4 (Cost Estimate Model)

How clearly are the cost elements

13 |identified?

12.5% | 25% | 62.5%

To what extent do the identified cost

14 |elements represent the cost of the 37.5% | 62.5%
superstructure?
15 In general, how accurate 1s the detailed 125% | 50% | 37.5%

cost estimate?

In general, how accurate is the

16 preliminary cost estimate?

12.5% | 75% | 12.5%

In general, how effective is the cost
17 |model in helping to choose a construction 12.5% 62.5% | 25%
method?

Comments on Module (4):

¢ The cost model is a subsidiary parameter although it has a prominent weight
in selecting a construction method

e The accuracy of the cost model depends on the accuracy of the cost database
which needs continuous updating taking into consideration variations
between projects and countries
The cost per metre square should also include the cost of the approaches

¢ An allowance for risk should be included
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1 2 3 4 5

Questions ) )
Poor | Fair | Satis. | Good | Excel.

General

How well does the systemn reflect the
18 |decision-making process in a real 25% | 37.5% | 37.5%
situation?

How well does the system help in
19 |understanding - how  superstructure 87.5% | 12.5%
methods can be selected?

How effective/accurate is the system in

) (4] 0,
the selection of construction methods? 25% {62.5% | 12.5%

20

How well organised (designed) is the

21 12.5% | 37.5% | 50%
system?

22 |How user friendly is the system? 50% | 50%

23 How well integrated are the different 12.5% ! 62.5% | 25%

components of the system?

To what extent can the same approach
24 |extend to cover other elements of bridges 25% | 50% | 25%
(e.g. substructure)?

What is your overall rating of the

2 system?

12.5% | 50% | 37.5%

Comments on the General Aspects of the Profotype.

¢ The same approach may not be applicable to substructures due to their high
redundancy especially in weak soils, subsided rocks or waterways susceptible
to scour

¢ In general, professionals do not use all the information provided by the
system; they use their experience in the decisions they make

o The accuracy of the system depends on the time available to study cost
The overall view of the benefit/cost analysis to the whole project must be
emphasised more, to verify its application on the individual areas

Applicability to Bridge Construction Industry

How convinced are you that bridge
26 |engineering professionals will use this 37.5%| 50% | 12.5%
system (i.e. if made available)?
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Questions

Poor | Fair

Satis. | Good | Excel.

process?

How effective will the system be in
27 |speeding up the decision making

25% |37.5%| 37.5%

making process?

To what extent does it represent an
28 |improvement (or help) in the decision

37.5% | 50% | 12.5%

construction method?

To what extent is the system flexible in
29 |choosing the most appropriate

30% | 50%

Comments on Prototyvpe Applicability to Bridoe Construction Industry:

¢ Soil structure interaction should be taken into consideration so as to ensure an

integrated appropriate construction method

¢ Bridge practitioners may utilise the system as a mean to confirm the decision

that they have already made

Table 7.2 presents the answers provided by the evaluators in response to three

questions regarding the main benefits of the system, possible suggestions to

improve it, and any further comments.

Table 7.2: General Comments from Evaluators

Main Benefits of the Prototype

Ways to Improve Prototype

Further Comments

¢ The system is expeditious,
decisive and easily implemented

¢ The system is multi-functional
and can be used in both design
and estimation

» It saves the time required for
decision making where tight
time schedules are a main
attribute to bridge projects

¢ It provides a checklist for
experienced practitioners

* Itcreates an electronic database
for bridge construction

e Increase use of graphical
representation

¢ Introduce data from several
sources

¢ Add International and
advanced construction
methods even if they are
not used in Egypt

¢ Add naticnal and
international costs as a
guideline

¢ Integrate new construction
methods information as
they evolve

The system needs to be
faster during operation
The database requires
timely updates. The
updating process must be
easy, otherwise data will be
ineffective

The system combines
science and practice in an
easy and manageable way
$0 as to permit it to be in
the hands of practitioners
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Main Benefits of the Prototype Ways to Improve Prototype Further Comments

e Itprovides the decision maker | ¢ Include the effect of other

with alternatives which are items such as foundations
ranked based on a rated scale and piers
systemn e  Apply system to many

e Itprovides a good arrangement projects and integrate
of data and information for feedback with the system
bridge construction e Define clearly the

e Itpresents a real image of the assurmptions upon which
project and its constituent parts the system have been

o It helps the decision maker to developed

choose the best construction
method for a project

» It helps in studying bridge
feasibility

e It provides good documentation
of the decision making process

e It provides clear analysis of the
variables involved

o It enables the inexperienced user
to reach a decision that requires
an expert

7.6 DISCUSSION

The results from the evaluation are discussed under four main headings: results,
suggestions for improvement, benefits, and the appropriateness of the evaluation

approach.

7.6.1 Results

The participants were asked to judge system’s performance and effectiveness for
each of the four modules comprising the prototype, the overall system and its
applicability to the bridge construction industry. The results are discussed in the

following sub-sections.
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7.6.1.1 Module 1 {Introductory Module)

The evaluation of this module contained two questions, which were intended to
measure respondent’s reaction to this module. In average 50% of the respondents
considered this module excellent, 44% considered it good and 6% considered it
satisfactory. This implies that the information about the construction techniques
in terms of their components and construction procedures proved beneficial to

the users.

Some of the respondents commented that the effect of the soil conditions on the
structural system should be taken into account. However, the effect of the soil
conditions on the bridge structural system should have been taken into account in
a previous stage. Accordingly, the scope of this system does not address the

effect of the soil conditions on the bridge structural system.

7.6.1.2 Module 2 (Hdentifying Feasible Alternatives)

The evaluation of this module was the result of the answer on four questions. In
average 41% rated this module excellent, 44% rated it good, and 15% considered
this module satisfactory. The decrease in the excellent rate compared to the
previous module may be because some of the respondents considered it too
flexible because it allows the users to revise the resulting alternatives by

modifying the site and project conditions.

However, this flexibility can be justified as in many instances the unselected
alternatives may prove competitive if simple modifications are performed on the
site conditions. Moreover, the resulting cost and time implications are taken into

consideration by the system.
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7.6.1.3 Module 3 (Pairwise Comparison Module)

Six questions were presented to the respondents in order to examine their views
on this module. Forty Eight Percent of the respondents considered this module as
Excellent. Forty Four Percent of the respondents considered this module as good.
Eight Percent of the respondents considered this module as satisfactory. One of
the respondents highlighted that the scoring should be compared to international
scoring. However, the weights assigned to criteria and alternatives change based
on the project context and they cannot be unified or compared to other projects

especially in other countries.

Nevertheless, the system may include some of the international practice in
module 2, by increasing the limits (e.g. maximum span length) set on using

alternatives to reflect the international practice rather than Egyptian practice.

7.6.1.4 Module 4 (Cost Estimate Model)

This module was evaluated through four questions. Forty Four percent of the
respondents considered this module Excellent, 47% of the respondents

considered it good, and 9% considered it fair.

Some of the respondents illustrated that the cost of the bridge should also include
the cost of the approach roads, this comment may be taken into account in
calculating cost/m® of the bridge surface area or by including it under the item
‘others’ in the detailed cost estimate. However, such inclusion may result in
misleading results as the cost of the approach roads are affected differently by
the criteria affecting bridge. In some projects (e.g. Rades La Gaulette in Tunisia),

the soil requires special treatment (i.e. by installing drains and allowing it to
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consolidate for a few months). Such treatment affects road costs significantly.

One of the participants proposed verbally during discusston that it may be useful
if the alternatives are sieved first based on the preliminary cost model in order to
decrease effort done during the detailed estimation process. It may be useful in
this case if the user extends his selection to be based on the benefits as well as
the cost of the alternatives. Accordingly based on the resulting Benefit/Cost ratio,
the user may choose to perform the detailed cost estimate only on the most

competitive alternatives.

Other respondents commented that the element of risk should be catered for. This

element can be included under the item “others” in the detailed cost model.

7.6.1.5 General Aspects of the Prototype System

Eight questions were compiled in order to measure the general aspects of the
prototype system. Thirty one percent of the respondents considered the system
excellent, 55% rated it good and 14% rated it satisfactory. One of the
respondents commented that the system may be comprehensive in dealing with
the superstructure but it should be treated cautiously if the same approach is to be
extended to deal with foundations. The applicability of this approach to
foundations may be discussed further in future research projects. The
respondents also illustrated that the benefit/cost analysis should emphasize the
overall project view rather than an area-by-area view. This comment has been

integrated to the system.

7.6.1.6 Applicability to the Bridge Construction Industry

This aspect was evaluated by asking the respondents to answer four questions.
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Twenty eight percent of the respondents gave a rating of excellent, 47% gave a

rating of good to this point and 25% gave a rating of Satisfactory. The

respondents were moderately convinced that the system could be used by bridge

professionals. These results may reflect the unfamiliarity of Egyptian

professionals with the benefits and usage of IT tools and more specifically

decision support systems.

7.6.2

Suggestions for Improvement

Table 7.2 presents the respondents suggestions to improve the system. These

suggestions can be summarised and discussed as follows:

The system should increase the use of the graphical representation.
Visualising the project and its parts is beneficial in this context and can

be investigated in further research works;

The system should include an information database of the cost of other
construction methods that are used internationally. However, the effect of
the varying economic circumstances and legislations governing different
countries should be taken into consideration when compiling such a
database. The construction of such a database can be investigated further

in the future;

The system should be updated by new techniques that are used in Egypt
as they emerge. The system is designed to enable the addition of new
construction techniques. The collective effort of constructors, owners,

designers and suppliers plays an important role in this issue.

The respondents pointed out that the speed of the prototype needs more
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attention as the system appears to be relatively slow during operation.

This issue has been relatively enhanced following these comments;

¢ The respondents also illustrated that the assumptions upon which the
system is built should be clearly defined. The underlying assumptions of

the system have been clearly identified in Chapters 3, 4 and 6.

7.6.3 Benefits of the Prototype

Throughout the evaluation, and as mentioned in Table 7.2, the respondents
identified several potential benefits of the prototype, these benefits can be

summarised as follows:

e It provides bridge practitioners with an effective and efficient systematic

approach in selecting bridge construction techniques;

o It documents the decision making process as well as the underlying
assumptions, saves the time required for decision making and can be easily

implemented;

e It provides a structured approach for young engineers to the evaluation
process while learning about methods and technicalities with the guidance of

senior practitioners;

o Senior practitioners may also use it as a mean to verify their decision or as a
check list of the important issues that should be tackled before making their

decisions;

7.6.4 Appropriateness of the Evaluation Approach

The evaluation approach adopted helped to test the main aspects of the system
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identified in the evaluation objectives and was successful. This was confirmed by
the positive feedback received from respondents. Despite the comments raised on
the prototype, further evaluation and improvement of the system would facilitate
the use of the prototype for practical purposes. The evaluation approach

conducted, highlighted several points including:

* Most of the evaluators were bridge experts with considerable experience
in bridge construction and this ensured a relatively thorough assessment

on the practicality of the prototype;

¢ The questionnaire covered all the major aspects of the prototype that
needed to be evaluated and was useful for obtaining essential feedback

from the respondents.

7.7 SUMMARY

This chapter described the evaluation of the developed prototype system. The
research adopted the questionnaire technique in the summative evaluation of the
prototype system. The results demonstrate that the prototype has a good
performance and is suitable for use in the bridge construction industry, although
there is scope for improvement. The respondents highlighted that the system
should contain an information database of the cost of the construction methods
used internationally. The respondents also commented that it should be updated
with new techniques as they emerge. The results suggest that the systems’
structured and documented approaches are amongst its main benefits. Many of
the comments from the evaluation were used to refine the prototype system. The

next chapter presents the conclusions and recommendations of the research.
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CHAPTER 8: CONCLUSIONS AND

RECOMMENDATIONS

8.1 INTRODUCTION

This chapter presents the conclusions and recommendations of this research. The
focus of this research and its various stages was the development of the decision
support system (BridgeConstruct) for choosing the most appropriate concrete
bridge construction method in a given situation. This chapter summarises the
overall findings of the research, its benefits and limitations, and makes

recommendations for future work.

8.2 SUMMARY

This research was instigated by the need to create a structured approach that
improves and automates the seemingly haphazard selection process of concrete
bridge superstructure construction methods in Egypt. In order to respond to this
need, the aim of the research was to investigate the factors involved in the
selection of construction methods for the superstructure of concrete bridges in
Egypt and to develop an intelligent decision support system that is effectively
able to evaluate and recommend a suitable construction method for a given

bridge design. This aim was fulfilled through the following objectives:

1. Review related work on the selection of alternative bridge construction
methods for a given situation, as well as the application of intelligent

decision support techniques to construction problems;

2. Identify and investigate the criteria necessary for the evaluation of alternative
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superstructure construction methods in Egypt and investigate the situations

under which different construction methods are used;

3. Develop an intelligent decision support system to help bridge practitioners in
Egypt to decide on the most appropriate superstructure construction method

for a given design; and
4. Evaluate the developed system using real examples with industry experts.

In order to carry out the above, a research methodology was developed where
various strategies were employed as demonstrated in Figure 2.1, which offers a

comprehensive view of the research methodology.

The specific tasks undertaken in this research are summarised below with respect

to research objectives.

1) Review related work on the selection of alternative bridge construction
methods for a given situation, as well as the application of intelligent

decision support techniques to construction problems.

A comprehensive literature review was carried out where the main elements
constituting the research problem were investigated (see Section 2.4.2.1.) Three
main elements were identified and reviewed: concrete bridge construction

methods, decision making and research methodologies.

The literature review on concrete bridges revealed that bridge engineers do not
have an effective systematic approach to help them select construction methods
despite its paramount importance and effect on the overall project outcomes.
Practically, experts rely heavily on their skills, knowledge and experience.

Furthermore, bridges are now becoming more and more complex with many
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criteria that need to be considered before selecting the most appropriate
construction method. With the current practice, bridge engineers in Egypt may
mistakenly leave out influential criteria in the absence of any formal structured or
systematic approach that can be followed. Chapter 3 discusses the various
aspects of bridge construction including the stages involved in the development
of bridge projects, preliminary design as well as the technical aspects and
procedures involved in the various construction techniques. The chapter ends by

highlighting some of the issues that are related to the construction industry in
Egypt.

Intelligent decision support techniques that can be used in the proposed prototype
were reviewed in Chapter 4. The review revealed that the Analytic Hierarchy
Process (AHP) could be used to provide an appropriate framework for modelling
complex deciston scenarios. AHP integrates perceptions, feelings, judgements
and experiences of people and represents them in a hierarchical form that allows
an overall view of the problem. It permits experts to understand better the
problem and its dimensions, which are presented in the form of the decision

criteria and possible choices.

Résearch methodologies and their underlying philosophies as well as some of the
relevant knowledge elicitation techniques were reviewed in Chapter 2. This
research adopted a mixed approach where both the qualitative and quantitative
techniques were used interchangeably. The qualitative approach was used at the
beginning to obtain an in-depth understanding of the problem without being
constrained to a specific framework. The quantitative approach was used in later

stages to generalise the problem and refine the outcomes of the qualitative

240



approach.

The review stage was complemented by the researcher's participation in
conferences and seminars to interact with other researchers in stmilar areas as

well as bridge practitioners.

2) Identify and investigate the criteria necessary for the evaluation of
alternative superstructure construction methods in Egypt and investigate

the situations under which different construction methods are used

Knowledge elicitation was considered a mandatory part in the development of
any intelligent decision support system that would help the selection of concrete
bridge construction methods. This was because the decision making process
needs to be captured in order to develop a decision model for the system. The
knowledge elicitation process used in this research was presented in Chapter 5. It
involved capturing and transforming the appropriate knowledge from experts
| into a ﬁmageable form in order to develop a decision model. The knowledge
captured included the relevant criteria, which influence the choice of the most
appropriate construction technique. The criteria and alternatives captured from
experts were then represented by a decision hierarchy based on the AHP
approach to develop a decision model. The research adopted multiple approaches
to knowledge elicitation including semi-structured interviews, questionnaire

surveys, card sorting, structured interviews and process tracing,.

Semi-structured interviews were conducted with industry experts in order to
obtain the basic knowledge required for the research. It was selected as a start to
the research as it does not restrict respondents to a previously prepared

framework, as is the case with questionnaires. Experts were permitted to think
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freely about their views of the criteria affecting selection of construction
methods. These interviews were followed by card sorting sessions whereby the
problem model was represented in a hierarchical fashion. Afterwards, the
1.research utilised questionnaire surveys mainly to produce a refined version of the
developed hierarchy. The next step was to conduct structured interviews whereby
the knowledge related to the conditions of using construction methods were
acquired from experts. The researcher also utilised protocol analysis and process
tracing in order to capture the experts' knowledge in order to develop the cost
estimation model. The objective of these methods was to develop a list of cost

items that are involved in the estimation process for each construction method.

3) Develop an intelligent decision support system to help bridge practitioners
in Egypt to decide on the most appropriate superstructure construction

method for a given bridge design

The captured knowledge was used to develop the prototype using rapid
prototyping. The proposed prototype system was called "BridgeConstruct”. The
development and operation of BridgeConstruct is described in Chapter 6. Since
the research utilised the AHP model to deal with the problem in selecting the
most suitable construction method, the Expert Choice software was chosen for
structuring the decision problem into a hierarchy and synthesizing judgements.
This simplified the system development by eliminating complicated calculations.
The Capabilities of Expert choice in performing AHP calculations are integrated
with the capabilities of Microsoft Access. Microsoft Access was used as the
application that manages the system and performs the preliminary selection of

the feasible alternatives. This approach helped to increase efficiency of using
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Expert Choice where the user focuses only on comparing the feasible alternatives
rather than the whole list of alternatives. Microsoft Access is also used to

perform cost calculations and to produce the necessary reports.

The architecture of BridgeConstrct consists of four main modules; introductory
module, identifying feasible alternatives module, pairwise comparison of feasible
alternatives module, and finally the cost estimation of the feasible alternatives
module. The introductory module enables users to obtain the necessary
information about the different construction methods and to understand the
functional architecture of the system. The second module is concemed with
identifying the feasible construction methods lbased on the technical conditions
that limit the construction techniques use. Module 2 considerably increases the
effectiveness of module 3 which is concerned with performing comparisons
between feasible alternatives taking into consideration the criteria using AHP.
Module 4, which is concemed with developing cost estimate model,
complements the selection process whereby users can use either preliminary
estimate or the detailed estimate. The benefits obtained from module 3 are
compared to the corresponding cost of alternatives and the highest ratio presents

the most appropriate alternative.
4) Evaluate the developed system using real examples with industry experts

The prototype was evaluated during and after the development process to verify
and validate it. The summative evaluation of the prototype system was conducted
after it has been developed as explained in Chapter 7. The researcher conducted a
series of evaluation sessions whereby the system was demonstrated to the

participants. The participants were then asked to complete a questionnaire. The
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results of the evaluation confirmed that, even though there is scope for

improvement to make the system more effective, it provides many benefits,

demonstrates good performance, and is applicable for use in the industry.

It can be seen from the above, that the objectives of the research project have

generally been achieved through the relevant tasks,

8.3 BENEFITS

Besides the benefits identified by the respondents during evaluation in Section

7.6.3, BridgeConstruct offers many other advantages to the users who are

involved in the selection of bridge construction techniques:

1.

It serves as an information resource that contains a variety of data on
bridge superstructure construction techniques and construction

procedures;

The system is easy to use and its underlying techniques can be easily
comprehended by practitioners thus giving the system greater potential

for application in the construction industry;

The detailed cost model enables decision makers to calculate cost easily
by completing the items pertaining to the construction method in the
system in an easy and structured way, as it is divided into several items.
The decision maker can also calculate cost using the preliminary model

which calculates cost on the basis of an overall view;

The documented rationale offered by the system increases the potential
use of some of the construction methods that may have been deemed

inappropriate because of some criteria. The ability to express those
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criteria and their effect enables the decision maker to express his/her
judgement better when discussing the matter with others especially in

higher levels in his/her organisation;

5. The system caters for most of the decision makers’ requirements whilst
selecting concrete bridge construction methods because of its flexibility

that is highly reflected in Modules 2 and 3.

6. The system enables users to check their consistency in making the

decision by using the consistency index;

7. The system enables decision makers to have an integrated view of the
project. The impact of varying the weights of the criteria is reflected on
the resulting benefits of the alternatives and can be viewed graphically

using the sensitivity tool; and

8. The system can be used as a means to present decisions related to the
construction method selection process to clients thus giving them a well
informed view of the possible courses of action and offers a competitive

edge due to its positive impression on clients.

8.4 CONCLUSIONS

There are many conclusions that can be drawn from this research project, these

include:

1. The selection of bridge construction methods mirrors the randomness that
often characterises the construction industry. It is performed in an intuitive
and unstructured fashion and relies heavily on the experience, skill,

knowledge and judgement of bridge engineers. This provides scope for errors
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and inconsistencies in the resulting decisions in the absence of any clear
framework. Furthermore, it docs not provide the decision maker with a well
documented rationale that would help him/her to justify his’her decision or to

clearly capture lessons learnt in order to help in future situations;

. The selection process is highly affected by cost, duration of construction,
bridge physical characteristics, construction method characteristics, and the
surrounding environment and, to a lesser extent, by stakeholders’ objectives

and external constraints;

There are eight main construction methods that are used in the construction
of bridge superstructures in Egypt: stationary systems that are supported on
the ground; stational_'y systems that are supported using an elevated platform;
cantilever construction by in-situ concreting using two form travellers;
cantilever construction by in-situ concreting using one form traveller and a
stationary system; advancing shoring system; launching trusses that are used
to erect prestressed precast beams; erecting bridge beams using cranes or
heavy lifting; and horizontal incremental launching. Despite this broad
categorisation there are a variety of arrangements that can be considered

within each method to cater for the specific needs of each individual project;

Experts do not usually consider these methods together but use their
experience and knowledge about their limitations to narrow down their

selection before commencing a detailed study;

The prototype system offers greater benefit when used during the early stage
of project development life cycle, specially the design phase, when assessing

alternative structural systems from the construction perspective.
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6. The developed prototype system provides users with a clear, systematic and

structured framework that could improve the decision making process. The

technical, economical and managerial aspects of the decision are considered

in order to ensure that a sound and rational judgement is made in selecting

the most appropriate superstructure construction method in a given situation;

7. Engincers normally give more credit to systems that present them with

choices and alternative courses of action instead of black box systems that

limit their judgement during the decision making process;

8. The analytic hierarchy process is a suitable approach to use because of its

benefits which are:

a)

b)

It improves the decision making process, where the hierarchical
structure used in formulating the AHP model enables bridge
engineers to have an overall view of the problem in a systematic
fashion where the influential criteria, subcriteria and alternatives are

viewed together;

It allows bridge engineers, who are usually accustomed to
quantifiable criteria to also consider the qualitative aspects of the
problem. AHP also takes into consideration judgements that are based
on people's feelings, emotions as well as thoughts. These capabilities

represent the decision making process to a great extent;

The method is capable of measuring the inconsistencies that are
attributed to experts’ judgements. It also recognises that innovative

decisions are not necessarily fully consistent and allows for a limited
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9.

10.

11.

degree of inconsistency;

d) The nature of the numerical and graphical representations of the
results and input allows the user to interact better and perform the

selection process efficiently;

€) The availability of Microsoft Access on most PCs and the availability
of Expert Choice for purchase in the market facilitate system’s use;

and

f) The above results resemble the conclusions of studies on similar
problems that reflected the advantages of AHP in dealing with multi-

criteria decision making.

The ease with which a bridge can be constructed is directly influenced by its
design. Concepts such as buildability are important and need further
consideration by all the parties involved, especially designers. Designers
should make adequate provisions in their design to ensure that bridges are
constructed safely, economically and in an environmentally sustainable

manner;

Despite the wide variety of techniques that are used by the industry
internationally, the bridge industry in Egypt has experienced them. There
may be variations in their use between different countries but all are under
the main methods used in Egypt. This fact may encourage the researcher to
argue with caution that the research applicability and possible use may be

extended beyond Egypt; and

It is advisable that bridge clients in Egypt adopt design-build contractual
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arrangements rather than the traditional build contracts. Design-build
contracts enable contractors to thoroughly investigate the design alternatives
and their impact on construction to arrive at an appropriate selection, which

should ultimately provide the clients with better value for money bridges.

8.5 LIMITATIONS OF THE RESEARCH

There are some limitations that should be considered when using the outcomes of

this research:

1. The system is designed to act as a tool that supports the decision making
process by structuring and systematically evaluating the criteria that
affect the selection of construction techniques. The system depends on
expert's judgement to assess all the criteria based on the developed

framework;

2. Although the system examines the sensitivity of the benefit with regard to
criteria priorties, it does not look at the sensitivity of the benefit to cost

ratio;

3. The developed system is limited in its applicability to the procedures
mentioned for the identified construction methods. It may not cater for
some of the variations that may be performed by some contractors,
especially in the detailed cost model. However, the system is flexible and

practitioners may reflect their own case in its modules;

4, Although the formative evaluation was carried out during the
development process and summative evaluation after the prototype was

developed and both were conducted by experts, the system requires
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further trials using real life case studies to ensure its accuracy and

effectiveness;

5. Despite the importance of the superstructure construction methods and
their paramount influence on the project, the system should be integrated
with other approaches to be used in the selection of construction methods
for other elements of the bridge (such as substructure and piers) so as to

reflect their contribution to the overall bridge construction process; and

6. The system is of limited use if the cooperation between the contractor and

designer is not fulfilled fully early at the design stage.

8.6 RECOMMENDATIONS FOR FURTHER RESEARCH

The research has revealed a number of issues for further research and

development, including:

1. The quality of the prototype system could be improved by adopting the

following:

a) Regularly updating the system with the new and latest construction

techniques available in the industry;

b) Improving the system’s speed by using other database applications
such as Oracle in order to provide better stability and speed to the

system;

2. Exploring the possibility of constructing a cost hierarchy’similar to the one
constructed for the problem. It can be used by well experienced practitioners
to obtain the cost weighting for each alternative and to compare it to benefits,

instead of calculating the cost in the manner presented in this research, This
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approach may prove to be helpful as it saves the time consumed in producing

detailed cost estimates;

. Testing the system using more than one real life case study with various
types of structural systems. The feedback from these cases can further
improve the system’s applicability to the different types of bridge structural

systems;

It is not unusual during the early stages of bridge development to put together
a multidisciplinary team where the views of different practitioners with
regard to construction are included. The system's capability to perform group
judgement, although not tested in this research, can be easily implemented

and evaluated. This one should be investigated by further research;

. Research should study possible ways of increasing co-operation amongst
bridge contractors in using construction methods. This issue was reflected by
some experts, who expressed their willingness to participate in a database for
systems that are available in the market. Generally, bridge construction
techniques require considerable investment. Usually, they are used for one or
two projects then remain dormant in stores with the possibility of being
scraped. Increasing co-operation would facilitate the search for bridge
construction techniques and help contractors to utilise their available
resources efficiently. It will also decrease cost as well as the time consumed
in procuring systems and may be considered as a step forward towards a

more sustainable environment; and

. The system reflects the Egyptian experience in concrete bridge construction,

which may be argued to represent many of the developing countries.
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However, further work should examine case studies in developed countries
where the capabilities of the construction methods used are deemed more
effective and efficient. This will enrich the system, possibly by introducing
new criteria and/or construction procedures. It will also extend the scope of

applicability of the system.

8.7 CLOSING REMARKS

The research has revealed that the current selection process for concrete bridges
superstructure used by bridge engineers is based mainly on their knowledge and
experience without any clear systematic procedure that can be followed to
support the decision making process. This research has demonstrated how a
structured DSS can provide users with a clear, systematic and structured
framework that improves their current selection process. The use of AHP has
proved to be an effective approach as it allows for considering both qualitative
and quantitative criteria that affect the decision making process. Bridge engineers
should take advantage of the system presented in this thesis as it presents many

benefits to the construction industry.

252



REFERENCES

Abdullah, A. (2003), Intelligent Selection of Demolition Techniques, PhD
Thesis, Department of Civil and Building Engineering, Loughborough
Untversity, UK.

Abdul Kadir, M.R.B. (1996), Conceptual Phase Best Practice, PhD Thesis,
Department of Civil and Building Engineering, Loughborough University, UK.

Abdel-Razek, R.H. (1998), Factors Affecting Construction Quality in Egypt:
Identification and Relative Importance, Engineering, Construction and
Architectural Management, Vol. 5, No. 3, pp. 220-227.

ACROW Misr (1995), Acrow Misr shorbrace and shorload the international
Support System Brochure, Cairo.

Adams, G.R. and Schvaneveldt, J.D. (1985), Understanding Research Methods,
Longman, New York.

Amaratunga, D. and Baldry, D. (2000), “Theory building in facilities
management research: case study methodology”, Proceedings of the Bizarre Fruit
Postgraduate Conference, University of Salford, Salford, pp. 107-23.

Amaratunga, D., Baldry, D., Sarshar, M. and Newton, R. (2002), Quantitative
and Qualitative Research in the Built Environment: Applications of Mixed
Research Approach, Work Study, Vol. 51, No. 1, pp. 17-31.

Anderson, D., Fisher, D.J. and Rahman, S.P. (1999), Constructability Issues for
Highway Projects, Journal of Management in Engineering, Vol. 15, No. 1, pp.
60-68.

Anderson, J. and Poole, M. (1998), Assignment and Thesis Writing, 3™ editions,
John Wiley and Sons Ltd., Australia.

Ballal, TM.A. (1999), The Use of Artificial Intelligence Neural Networks for
Modelling Buildability in Preliminary Structural Design, PhD Thesis, .
Department of Civil and Building Engineering, Loughborough University, UK.

Banwell, H. (1964), The Placing and Management of Contracts for Building and
Civil Engineering Works, HMSO, London.

Barrie, D.S. and Paulson, B.C. (1992), Professional Project Management,
McGraw Hill International Edition, Singapore.

Basha, M. and Gab-Allah, A. (1991), Value Engineering in Egyptian Bridge
Construction, Journal of Construction Engineering and Management, Vol, 117,
No. 3, pp. 393-401.

Bastias, A. and Molenaar, K. (2005), Classification and Analysis of Decision

253



Support Systems for the Construction Industry, Proceedings of the ASCE
International Conference on Computing in Civil Engineering of the ASCE, July
12-15, 2005, Cancun, Mexico.

Belton, V. and Gear, T. (1983), On A Shortcoming of Saaty’s method of
Analytic Hierarchy Process, OMEGA, Vol. 11, No. 3, pp. 228-230.

Bindra, S.P. and Bindra, K., (1976), Elements of Bridge, Tunne! and Railway
Engineering, Dhanpat Ray and Sons, Delhi.

Bishop, R. (1996), Value Management in UK practice, Research Focus, No. 25.

Blackwood, D.J., Sarkar, S. and Price, A.D.F. (1997), A research Methodology
for Modelling Construction Service Costs, Journal of Construction Procurement,
Vol. 3, No. 3, pp. 47-67.

Bouyssou, D. (1993), “Décision Multicritére ou aide multicritére 7, Newsletter
of the European Working Group, Multicriteria Decision Aiding, No. 3,
Autumn/Fall, pp. 1-2.

Bouyssou, D. (1996), Outranking Relations: Do they Have Special Properties?,
Journal of Multi-Criteria Decision Analysis, Vol. 5, No. 2, pp. 99-111.

BS 6100:1 (1999), general and Miscellaneous, glossary of Building and Civil
Engineering Terms, British Standard Institute (BSI).

Cheng, E.-W.L. and Li, H. (2003), Utility of Consistence Measure in the Analytic
Hierarchy Process, Construction Innovation, Vol. 3, No. 4, pp. 231-247.

Chi, M., Feltovich, P. and Glaser, R. (1981), Categorisations and Representation
of Psychological Problems by Experts and Novices, Cognitive Science, Vol. 5,
No. 2, pp. 121-152,

Chim, M.Y., Anumba, CJ. and Carrllo, P.M. (2004), Internet-based
Collaborative Decision Making System for Construction, Advances in
Engineering Software, Vol. 35, No. 6, pp. 357-371.

Chua C.K., Leong, K.F. and Lim, C.S. (2003), Rapid Prototyping Principles and
Applications, World Scientific Publishing Co. Ltd., Singapore

Construction Industry Research and Information Association (CIRIA), (1996),
Design for Improved Buildability-Bridges, Report 155.

Colson, G. and De-Bruyn, C. (1989), Models and Methods in Multiple Objective
Decision Making and Methods in Multiple Criteria Decision Making, Pergamon
Press, Oxford.

Costa, C.A., Stewart, T.J. and Vansicke, J.C. (1997), Multi-Criteria Decision
Analysis: Some Thoughts Based on the Tutorial and Discussion Sessions of the
ENSIGMA meetings, European Journal of Operational Research, Vol. 99, No.
1, pp. 28-37.

254



Creswell, J.W. (2003), Research Design; Qualitative, Quantitative, and Mixed
Methods Approaches, SAGE Publications, USA.

Dar Al Emara Al Dawlia (2001), Egyptian Building and Construction Directory,
Cairo, Egypt.

Dar Al Handasah (1990), Design and Construction Documentation of the
Cantilever Carriage System in Benha Bridge, Cairo.

Denzin, N. K. and Lincoln, Y.S. (2000), Handbook of Qualitative Research, 2™
edition, Sage Publications, Inc., Thousand Qaks, CA.

Denzin, N. (1978), The Research Act: A Theoretical Introduction to Sociological
Methods, 2" edition. McGraw-Hill, New York

Diaper, D. (1989), Knowledge Elicitation: Principles, techniques and
applications, Ellis/Harwood Series in Expert Systems, Diaper/Ellis Horwood
Limited, England.

DSI (Dywidag Systems International) (1995), Documentation of the Design and
Operation of the Launching Girder System used in 6™ of October Bridge, Cairo.

Duan, W.C.L. (2003), Bridge Engineering Construction and Maintenance, CRC
Press LLC.

Dyer, J.S. and Wendel, R.E. (1985), A critique of the Analytical Hierarchy
Process, Working Paper, Department of Management, The University of Texas at
Austin, 84/85, pp.4-24.

Dyer, J.S. (1990), Remarks on the Analytical Hierarchy Process, Management
Science, Vol. 36, No. 3, pp. 249-258.

Eldin, N.N. (1988), Constructability Improvement of Project Designs, Journal of
Construction Engineering and Management, Vol. 114, No. 4, pp. 631-640.

Evbuomwan, N.F.0. and Anumba, C.J. (1996), Towards a Concurrent
Engineering Model for Design and Build Projects, The Structural Engineer, Vol.
74, No. 5, pp. 73-78.

Expert Choice Documentation (2000), Expert Choice 2000 Professional Manual,
Expert Choice Inc., ON CD, USA.

Feigenbaum, E., (1984), Knowledge Engineering: The Applied Side of Artificial
Intelligence, Annals of the New York Academy of Sciences (426), pp. 91-107.

Fellows, R, and Liu, A. (1997), Research Methods for Construction, Blackwell
Science Ltd., UK.

Fong, P. and Choi, S. (2000), Final Contractor Selection Using the Analytic
Hierarchy Process, Construction Management and Economics, Vol. 18, No. 5,
pp. 547-557.

255



Fowler, F.J. (1993), Research Methods for Construction, Blackwells Science
Ltd., UK.

Freudenthal, A.M. (1961), Safety, Reliability and Structural Design, Journal of
Structural Division of the ASCE 87 (ST3):pp. 1-16.

Gab-Allah, _A.A. (1983), Special Building Construction Systems “Bridge
Construction”, M.Sc. Thesis, Zagazig University, Egypt.

Gammack, J. and Young, R. (1985), Psychological Techniques for Eliciting
Expert Knowledge Edited book in Research and Development in Expert
Systems, Cambridge University Press, London, pp. 105-112.

Gangarao, V.S., Ward, R. and Howser, V. (1988), Value Engineering Approach
to Low-Volume Road Bridge Selection, Journal of Structural Engineering, Vol.
114, No. 9 pp. 1962-1977.

Gillham, B. (20002), Developing a Questionnaire, CONTINUUM, London.
Gillham, B. (2000b), The Research Interview, 1% edition, Continuum, London.

Greenfield, T. (2001), Research Methods for Postgraduates, 2™ edition, Arnold,
London.

Griffith, A. and Sidwell, A.C. (1997), Development of Constructability
Concepts, Principies and Practices, Engineering, Construction and Architectural
Management, Vol. 4, No. 4, pp. 295-313.

Guitouni, A. and Martel, J. (1998), Tentative Guidelines to Help Choosing an
Appropriate MCDA method, European Journal of Operational Research, Vol.
109, No. 2, pp. 501-521.

Harker, P.T. and Vargas, L.G. (1987), The Theory of Ratio Scale Estimation:
Saaty’s Analytic Hierarchy Process, Management Science, Vol. 33, No. 1, pp.
1383-1403.

Harpur, B. {1991), A Bridge to Victory, The Untold Story of Bailey Bridge,
HMSO, UK.

Heisenberg, W. (1959), Physics and Philosophy: the Revolution in Modern
Science, Allen and Unwin, London.

Heisler, S.I. (1994), The Wiley Project Engineer’s Desk Reference - Project
Engineering, Operation, and Management, John Wiley and Sons Inc.

Hicks, C.R. (1982), Fundamental concepts in the design of experiments, 3™
edition, Holt-Saunders International. |

Hix, D. and Hartson, H.R. (1993), Developing user interfaces: Ensuring Usability
through Product and Process, John Wiley and Sons Inc., USA.

Hoffman, R. (1987), The Problem of Extracting the Knowledge of Experts from

256



the Perspective of Expiremntal Psychology, A7 Magazine, Vol. 8, No. 2 (Summer
1987).

Holsapple, C. W. and Whinston, A. B. (1996), Decision Support Systems; A
knowledge-Based Approach, St. Paul, MN: West Publishing.

Holt, G.D. and Faniran, 0.0. (2000), Construction Management Research: A
blend of rationalist and interpretative paradigms, Journal of Construction
Research, Vol. 1, pp. 177-182.

Hoven, V.D. (1996), “Executive Support Systems and Decision Making”,
Journal of Systems Management, Vol. 47, No. 2, pp. 48-56.

Hwang, C.L. and Young, K. (1981), Multiple Attribute Decision Making —
Methods and Application: A State of the Art Survey, Springer, New York.

Institution of Civil Engineers, Higher Productivity for Good Buildability — A
guide to Designers, ICE Working Party on Buildability - Draft Report (1995).

Iskanadr, L. (1987), Engineering Mathematics, Cairo University Press, Cairo.

Jergeas, G. and Vander, P.J. (2001), Benefits of Constructability on Construction
Projects, Journal of Construction Engineering and Management, Vol. 127, No.
4, pp. 281-290.

Johnso, H.M. and Singh, A. (1998), The Personality of Civil Engineers, Journal
of Management in Engineering, Vol. 14, No. 4, Peer Reviewed, Pp. 45-56.

Jump, R.T. (1992), Clients’ Perspective — Power Sector. 4™ European
Construction Institute Conference, November 11-12, 1992, London, Pub. No.
C004/1, Pp. 85-89.

Kant, L. (1934), Critique of Pure Reason, 2™ edition, Macmillan, New York.

Keen, P.G.W. and Morton, S. (1978), Decision Support Systems: An
Organisational Perspective, Addisson-Wesley, Reading, MA.

Kepner, C. and Tregos, B. (1965), The Rational Manager, McGraw Hill, New
York.

Khan, J. (1991), The development project cycle and the Barbadian Project.
Project Management Journal, Vol. XXII, No. 2, pp. 27-32.

Konsowa, S. (1998), Philosophy of Science, Kebaa Publishing Agency, Cairo,

K@llveit, B.J. and Gr@nhaug, K. (2004), The Importance of the Early Phase: The
Case of Construction and Building Projects, International Journal of Project
Management, Vol. 22, No. 7, pp. 545-551.

Latham, M. (1994), Constructing the team: Joint Review of Procurement and
Contractual Arrangements in the UK construction Industry. HMSO, London.

257



Laudon, K.C. and Laudon, J.P. (1998), Management Information Systems — New
Approaches to Organisation and Technology, Prentice Hall Inc., New Jerscy.

Liebenberg, A.C. (1992), Concrete Bridges: Design and Construction, Longman
Group UK Limited, UK.

Liftslab Misr (2000), Documentation of the Design and Erection of Beams using
Heavy Lifting, Cairo.

Lopes, M.D.S. and Flavell, R. (1998), Project Appraisal-A framework to assess
non-financial aspects of projects during the project life cycle, International
Journal of Project Management, Vol. (16), No. (4), pp. 223-233.

Love, P.D., Holt, G.D. and Li, H. (2002), Triangulation in Construction
Management Research, Engineering Construction and Architectural
Management, Vol. 9, No. 4, pp 294-303.

Lu, Hsi-Peng, Yu, Huei-Ju and Lu, S.S.K. (2000), The Effects of Cognitive Style
and Model Type on DSS acceptance: An Empirical Study, European Journal of
Operational Research, Vol. 131, No. 3, pp. 649-663.

Lu, HP. and Gustafson, D. H. (1994), An Empirical Study of percetved
usefulness and perceived ease of use on computerized support systems use over
time, International journal of Information Management, Vol. 14, No. 5, 317-329.

Mathivat, Jacques (1979), The Cantilever Construction of Prestressed Concrete
Bridges, Translated by Emberson, C.J.M., John Wiley and Sons Ltd.

Martel, Jean-Marc (1999), Multicriteria Decision Aid; Methods and
Applications, CORS-SCRO, Annual Conference, June 7-9, 1999, Windsor,
Ontario.

McGraw, K.L. and Harbison-Briggs, K. (1989), Knowledge Acquisition:
Principles and Guidelines, Prentice-Hall Inc., New Jersey.

Miles, M. and Huberman, A.M. (1994), Qualitative Data Analysis: An Expanded
Source Book, 2™ edition, Sage, Thousands_ Oak, CA.

Millet, I. and Saaty, T.L. (2000), Theory and Methodology: On the relativity of
relative measures — accommodating both Rank preservation and Rank Reversals
in the AHP, European Journal of Operational Research, Vol. (121}, No. (1), pp.
205-212.

Morcous, G.S.L. (1997), Estimation of Quantities and Cost of P.C. Bridges Over
the Nile in Egypt; Conventional and Neural Networks Approaches, M.Sc. thesis,
Cairo University.

Moser, C.A. and Kalton, G. (1978), Question wording, in Brynner, J. and
Stribley, K.M. (eds) Social Research: principles and procedures, Longman in
associataion with Open University, London.

Myrdal, G. (1969), Objectivity in Social Research, Pantheon Books, New
258



York.

Myers, M.D. (1999), Investigating Information System with Ethnographic
Research, Internet, Communications of Association for Information System,
Iittp://www.qual.auckland.ac.nz/Mvers%20CAIS%20article.pdf

Nau, D. (1995), “Mixing methodologies: can bimodal research be a viable post-
positivist tool?”, Internet, The qualitative Report, Vol. 2 No. 3,
http://www.nova.edu/ssss/QR/QR2-3/nau.htm]

Neuman, W.L. (2000), Social Research Methods: Qualitative and Quantitative
Approaches, 4™ edition, Allyn and Bacon, London.

Nydick, R.L. and Hill, R.P. (1992), Using the Analytic Hierarchy Process to
Structure the Supplier Procedure, International Journal of Purchasing and
Materials Management, Spring, Vol. 28, No. 2, pp. 31-37.

Little, J.D.C. (1970), Models and Managers: The Concept of a Decision
Calculus, Management Science, Vol. 16, No. 8.

O’Brien, R. (1998), An overview of the Methodological Approach of Action
Research, Internet, http://www . web.net/~robrien/papers/arfinal.htm]}

Patton, M.Q. (1990), Quantitative Evaluation and Research Methods, Sage
Publications Inc., USA.

Patrovi, F.Y. (1994), Determining What to Benchmark: An Anlaytic Hierarchy
Process Model, International Journal of Operations and Production
Management, Vol. 14, No. 6, pp. 25-39.

Paulson, B.C. (1995), Computer Applications in Construction, McGraw Hill
International.

Perez, J. (1995), Some Comments on Saaty’s AHP, Management Science, Vol.
41, No. 6, pp. 1091-1095.

Pinsonneault, A. and Kraemer, K.L. (1993), Survey Research Methodology in
Management Information Systems: An assessment, Journal of Information
Systems, Vol. 10, No. 2, pp. 75-106.

Podolny, Walter and Scalzi, J.B., (1976), Construction and Design of Cable
stayed Bridges, John Wiley and Sons, New York.

Pongpeng, J. and Liston, J. (2003), A Multicriteria Model’s Survey: State of the
Art and Some Necessary Capabilities of Future Models, Construction
Management and Economics, Vol. 21, No. 7, October, 665-670.

Pritchard, B. (1992), Bridge Design for Economy and Durability, Concepts for
New Strengthened and Replacement Bridges, Published by Thomas Thelford
Services Ltd., Redwood Press Limited, UK.

Raina, V.K., (1988), Concrete Bridge Practice, Construction, Maintenance and

259



Rehabilitation, Tata McGraw-Hill Publishing, New Delhi.

Raina, V.X. (1991), Concrete Bridge Practice, Analysis, Design and Economics,
TATA McGraw Hill Publishing Company Limited, New Delhi.

Remenyi, D., Williams, B., Money, A. and Swartz, E. (1998), Doing Research in
Business and Management, Sage Publications, London.

Rowe, A.J. and Boulgarides, J.D. (1992), Managerial Decision Making,
Macmillan, New York.

Roy, B. (1985), Méthodologie Multicritére d’Aide  la Décision. Economica,
Paris, 1985.

Rudestam, K.E. and Newton, R.R. (2001), Surviving your Dissertation: A
Comprehensive Guide to Content and Process, 2™ edition, Sage Publiciations
Inc., CA.

Russel, S.J. and Norvig, P. (2003), Artificial Intelligence A Modern Approach,
2" edition, Pearson Education International, Prentice Hall, New Jersey, USA.

Ryall, M.J. (2001), Bridge Management, Butterworth-Heinemann, Oxford.

Saaty, T. L. (1994), Fundamentals of Decision Making and Priority Theory with
the Analytic Hierarchy Process, Vol. VI, RWS Publishing , Pittsburgh, USA.

Saaty, T.L. and Vargas, L.G. (1982), The logic of Priorities Applications in
Business, Energy, Health and Transportation, Kluwer Boston Inc., USA.

Satzinger, J.W., Jackson, R.B. and Burd, S.D. (2004), Systems Analysis and
Design in a Changing World, Course Technology, a Division of Thomas
Learnting, Inc., USA.

Saunders, J. (2004), Methods for Aiding Decision Maker, Internet,
http://www.ijchnsaunders.com/papers/Dec_anal. htm

Sauter, V. (1997), Decision Support Systems, John Wiley and Sons Inc., USA.

Shavelson, R. and Townes, L. (editors) (2002), Scientific Research in Education,
National Academy Press, Washington, D.C.

Schoner, B., Wedley, W.C. and Chao, E.U. (1993), A unified Approach AHP
with linking Pins, European Journal of Operational Research, Vol. 64, No. 3,
pp. 384-392.

Signore, A.A., (1985), Conceptual Project Planning from an owner’s
perspectives, Project Management Journal, Vol. XV1, No. 4, pp. 52-58.

Simon, H., (1977), The New Science of Management Decision. Englewood
Cliffs, NJ: Prentice Hall.

Siskos, Y. and Spyridakos, A. (1999), Intelligent multicriteria decision support:

260



Overview and perspectives, European Journal of Operational Research, Vol.
113, No. 2, pp.236-246.

Skibniewski, M. and Chao, L. (1992), Evaluation of Advanced Construction
Technology with AHP method, Journal of Construction Engineering and
Management, Vol. 118, No. 3, Pp. 577-593.

Slife, B.D. and Williams, R.N. (1995), What’s behind the research? Discovering
Hidden Assumptions in the Behaviour Sciences. Thousand Oaks, Sage, CA.

Smith, LF.C. (2005), Sensors, Models and Video tape, Keynote speech at the
ASCE International Conference on Computing in Civil Engineering, July 12-15,
2005, Cancun, Mexico.

Spradley, J. (1979), The Ethnographic Interview, Holt, Rinehart and Winston,
NewYork.

Steuer, R.E. and Na., P. (2003), Multiple Criteria Decision Making Combined
with Finance: A categorized Bibliographic Study, European Journal of
Operational Research, Vol. 150, No. 3, pp. 496-515.

Stone, P. (1980), Building Design Evaluation Costs-in-use, E & F N Spon.

Suskie, L.A. (1992), Questionnaire Survey Research: What Works, Association
for Institutional Research, Tallahassee, FL.

Taha, H.A. (2003), Operations Research: An Introduction, Prentice Hall, New
Jersey.

Tang, M. (1984), Handbook of Temporary Structures in Construction,
Engineering Standards, Designs, Practices and Procedures, Edited by: Ratay,
R.T., McGraw-Hilil Inc.

Tatum, C.B. (1987), Improving Constructability during Conceptual Planning,
Journal of Construction Engineering and Management, Vol. 113, No. 2, pp 191-
207.

The Analytic Hierarchy Process, Internet,
http://www.expertchoice.com/customerservice/ahp. htm

The Arab Contractors (1991), Photo and Documentation Archive of Benha
Bridge Over the Nile, Cairo.

The Arab Contractors (1995), Photo Archive of 6™ of October Bridge, Cairo.

The Arab Contractors (1996a), Engineer’s Manual of Bridge Construction,
Cantilever Carriage System, The Arab Contractors Press, Cairo.

The Arab Contractors (1996b), Engineer’s Manual of Bridge Construction, Deck
Pushing System, The Arab Contractors Press, Cairo.

The Arab Contractors (2000), Photo Archive of Suez Canal Bridge East Portion,

261



Cairo.

The Arab Contractors (2004), Photo Archive of 26" July Corridor and 15" of
May Bridge, Cairo.

Thyssen (1999), Documentation of the Design and Construction of the
Advancing Shoring System, Cairo.

Troitsky, M.S. (1994), Planning and Design of Bridges, John Wiley and Sons
Inc.

Troitsky, M.S. (1999), Conceptual Bridge Design, edited by Chen, Wai-Fah and
Duan, L. CRC Press, LLC.

Turban, E. and Aronson, J. (2001), Decision Support Systems and Intelligent
Systems, Prentice Hall, New Jersey.

Triantaphyllo, E. and Mann, S.H. (1995), Using the Analytic Hierarchy Process
for Decision Making in Engineering Applications: Some Challenges,
International Journal of Industrial Engineering: Application and Practice, Vol.
2, No. 1, Pp. 35-44.

Vaidya, O.S. and Kumar, S. (2006), Analytic Hierarchy Process: An Overview of
Applications, European Journal of Operational Research, Vol. 169, No. 1, pp. 1-
29.

Vansnick, J.C. (1990), “Measurement Theory and Decision aid”, in Bana e Costa
(ed.), Readings in Multiple Criteria Decision Aid, Springer-Verlog, Berlin.

Vincke, P. (1992), Multicriteria Decision-Aid, John Wiley and Sons Ltd., West
Sussex, England.

Vincke, P. (1989), L’aide Multicritére & la Décision. Editions de 1’Université de
Bruxelles.

Watson, Freeling, ANS (1982), Assessing Attribute Weights, OMEGA, Vol. 10,
No. 6, 582-583.

Whitten, J.L., Bentley, L.D. and Dittman, K.C. (2004), Systems Analysis and
Design Methods, 6" edition, Mc-Graw Hill/rwin, NewYork.

Winstanely, G. (1990), Artificial Intelligence in Engineering, John Wiley and
Sons Ltd., England.

World Fact Book (2004), Central Intelligence Agency (CIA) USA, Internet,
http://www.cia.gov/cia/publications/facthook/

World Wide Web of Geotechnical Engineers,
http:/fwww.ejee.com/people/Terzaghi/Terzashi. htm

Wright, G. and Ayton, P. (1987), Eliciting and Modelling Expert Knowledge,

262



Decision Support Systems, Vol. 3, No. 1, pp. 13-26.

Yin, R.K. (1994), Case Study Research: Design and Methods, 2™ edition, Sage
Publications, Newbury park.

Yin, R.K. (2003), Case Study Research: Design and Methods, 3™ edition, Sage
Publications, Newbury park.

Youssef, M., Anumba C.J. and Thorpe, T. (2005), Intelligent Selection of
Concrete Bridge Construction Methods in Egypt, Proceedings of the ASCE
International Conference on Computing in Civil Engineering, July 12-15, 2005,
Cancun, Mexico.

Zhao, T., Sundarajan, S.K. and Tseng, C. (2004), Highway Development
Decision Making Under Certainty: A Real Option Approach, Journal of
Infrastructure Systems, Vol. 10, No. 1, pp. 23-32.

263



APPENDIX A : INTERVIEW QUESTIONS

. How does the designer go in choosing a concrete bridge structural

system?

. How does the designer decide the proper construction method?

. What are the criteria that affect the choice of the construction method in

the conceptual design phase for the substructure (i.e. foundations and

Piers)?

. What are the criteria that affect the choice of the construction method in

the conceptual design phase for the superstructure?

. Do you consider the possibility of using a combination of construction

methods within the same element in the same project?

. What are the construction methods that are used in the construction of the

superstructure of concrete bridges in Egypt?
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APPENDIX B: QUESTIONNAIRE

Centre for Innovative Construction Engineering

Department of Civil and Building Engineering
Loughborough University Loughborough Leicestershire LE11 3TU UK

B [ oughborough
University

CJA/ICB

Date:

Attention: Mr.
Direct Line: +44 (0)1509 222615
Fax: +44 (0)1509 223982
E-mail: C.J.Anumba@lboro.ac.uk

Website: http://www.lboro.ac.uk/cice

Dear Sir,

Please find enclosed a questionnaire from one of my part-time PHD Researchers,
Mr Mohammed A. M. Youssef,

This questionnaire is part of his PHD study that is concerned with evaluation of
concrete bridge superstructure construction methods with special regards to
Egyptian experience.

I would be most grateful if you could find the time to respond to the attached
questionnaire and return it to Mr. Youssef in the envelope provided, call him
back, or send him an e-mail to collect it from you. His phone numbers are:

012 3983407 - 4035066 - 4035067 — 5249610, in Cairo, Egypt.
E-Mail: M.A.M.Youssef{@lboro.ac.uk

Your assistance would be greatly appreciated.

Yours sincerely

Professor C J Anumba

Supervisor

265



Survey on the Selection Criteria For Concrete Bridpe Superstructure Construction

Methods

Aiils AY o Y (g glalh JOgW 34T gy0 AT o Spall {putaall) ol gall oo el ) plialind

This Survey is part of a research program at Loughborough University to establish the selection criteria for
concrete bridges superstructure construction method (i.e. C.M.) within the Egyptian Construction industry.
Structured Questions have been formulated to achieve this goal. Although you are required to respond
to most questions by ticking or filing in a box, there is dlso the opportunity for you to add your comments.
Your response to this questionnaire is highly valued and will be treated with the strictest Secrecy. It will be
used for academic purposes only. Thank you

PO JPRLAC PE S LYPRR U ATPE WS PRV DO PR DU E: IS AP Y6\ O ~9 PVOE| B FUY PRV PP P B PRI UOR[ JKY
Cra 4 gana 9o Al aSie cillapi s o8 4giban JA (g LD (g plall JSsgdt 2855 (3 5da JLR] o igal) (ladll) ol salt
AT g Ay o s pleallull) 138 oo ST gl e Ao CilEe pe Lpulia 43 g e Dbl g L8251 G2k e Al

s Eaagll 1300 Al dsanal&YH gl 2 S0

Backoround Information

a. Name (Optional) (sl auaih oo
b. Position (huda sl ad gall) oo S—

c. Please State Your Experience in the concrete bridge construction (in years)
fasilu jalt o SN Qe o o_aadl &l gin 22 —
d. Company/institution/others Name (L (rsless 0 ABNA y/atgli/as yal andy:

e. Tel:-—-- Fax: E-maili--—--e e e

Aim of research:

The aim of the research is to investigate the factors involved in the evaluation of alternative concrete
bridge superstructure C.M. and to develop an intelligent decision support system that is able effectively
to assess construction cost and time as well as any other important criteria.

¢ JSU (o gl Sy adlisall Al (3 pda sl g ani o Jaami G Ouleall) dalgadh e Canll g Caagll 138 (e Giagdl
DGR 8 Jaam o Al e ol 1S g adlal g gl anis o o il AT ) jal Slasl acal dU asanal o8 4t a0
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Please respond to the following questions:

AL ALind , do 4 M 2Ll pla

1. Please describe your experience in the following concrete bridges C.M. (Tick V as appropriate):

Guliall JLaY o v Ao putay s o Ll SLAA 3 3k (e S i eli A Ciay ola i -1

Construction Method il 43 3k

Experience o_il

High

Medium | Low

No

Incremental Launching (e.g. Deck

Pushing) wsladl JSiedl ads

B3\ AY G 2o

Precast Hoisting and Lifting (e.g. Heavy
cuall Al |Lifting) (Db iil) ciSLaly 8 )
) Launching Girders 3 s zididll
«g * Free Cantilever 45 jalall &y i
2 Stationary Formwork
|2 3 Gl e Leblas Lo f dgiaeall o2l
g 9| Castinsitu wa syl e
@ b wall  [Traveling Formwork  (e.g. Flying
Shuttering) Lellas L of o iUl saill
Free Cantilever 48 jaidl &g yll
Others, Please
Specify 43X
» Precast wuall 4l
2 _ Castinsitu Climbing Formwork 4iluial sallf
P g sl 4y pracs Sliding Formwork 44 3iall salll
£ i T Traditional Formwork 4t cilatl)
S | Others, Please
O Specify 4iMa
Shallow 4t
Bored _islb
Replacement Procas! o T
Precast Driven
Piles Gall caalt A5
. Gajlaadl Disolacerment | 2ven Cast In Situ
5= spia gl 4y sanan 3l
5 J Driven Steel
e Gally 4
o PileCaps Cofferdams 4ida 3 iy dale Jae

Lowering u<=s3lb

On Ground ua_ ¥l =

Caissons Open Well 4a giia i
U guasl Pneumatic ¢lila ss
Others, Please
Specify 4Ja
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2. Who decides on C.M. to use? (Please tick)

Casil) 4 ;Lo 392 o gls (53 0 -2

Estimator (& sl Jtaul Luly) D Client {dsealt) D
Project Manager (§ ssdal 1) |:| Designer {pawaslf)
Site Manager (il i) D Engineer (il (5 juiuly D

3. At what stage in the project is C.M. chosen? (Please Tick)

Padall A8 Hha il ted o5l ada yall ale -3
Inception {§ s riell 4aalul o Sall ¢ 4S5 Ala )
Conceptual Design (£ s r5all (Saall aranadll 4 53 s ya) E

Scheme Design (il asacadll da 1) []
Detailed Design {siuaiill araaill da ya) D

4. Do you use specific procedures to select C.M. for concrete bridges?

Pt il (g LU 3anh 45yl LAY soase il phil aadiud Jb -4

Yes D No |:|

5. If you answer yes to question (4), Please describe these procedures?

0l ghadll 038 sy el 3 canls (4) o) JVudl o adafl il 1y 5

6. If you answer yes to question (4), Please indicate whether you use computers/Information

technology during these procedures or not?

Y af o ghadli ada 3 I Caaladl alasialy ) ga 585 A5 13 dpaad el s candy (4) A8 padl e adall calS 1Y -6
Yes [] No []

7. Do you have any suggestions to improve selection process of C.M.?

Al 44 Hh Al Alee Gpuadl Gl e ol il 8 -7
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8. The Following hierarchy contains a proposed model for the selection of concrete bridges superstructure
C.M., Please read it and answer the following Questions: Every question number is related to hierarchy
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9. Please rank the following Main criteria of C.M. in order of importance from the most important
(1) to the least (n), as per schematic shown in page (4)
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S . - ethod Objectives External .

‘8 | Cost | Duration | Characteristics . 3 Environment
@] Characteristics oS L ol Constraints

o | adsdli | cag Ul sh 3 lial g i _ = FRVOA LA
3 < uolsd glialge | o omadbadl [ dsa al Lot el N
E L;.)'-‘ -.‘-...-1‘ &»‘)‘L &-’ ) ll &.’ -
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=
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10. Please Rank the following Sub-criteria 1 in order of importance from the most important (1) to

the least (n), as per schematic shown in page (4)

L,,m‘,n(l)uxomwmmmm;&,ﬁ t,,alué,.s;:aum,,uutmﬂ(ﬁul)wy.nuajmy -10
(4) Ao dadia B salt ik ()

Sub-criteria 1 Cost/M2 Cost of Repair during construction
ol X 4."1531‘ PR e - H % e
(Cost) aity |~ R ol e 2 pmy Alla 8 22l 4SS
Rank

11. Please Rank the following sub-criteria 1 in order of importance from the most important (1) to
the least (n), as per schematic shown in page (4)

SN (1) B e Arad ) cuna 3N A8k L3s) B aSai AN AU 40 il (oslaalt) Jalaadl @ 5 sla g -11
(4) o dadia b miagall pu B ()

Sub-Criteria 1 Erection & Dismantling Total Cycles
(Duration) <slf | il 44 yal il o ca sl 34510 5 ) 93 Hlas)
Rank

12, Please Rank the following sub-criteria 1 in order of importance from the most important (1) to
the least (n), as per schematic shown in page (4)

I ) (1) o o AT onan BN A0yl LR B paTi 3 g ANl A R (lanall) b a5 plas 12
(4) fs Aada B priagal) gl ha ()

Sub-Criteria 1 Deck Up/Down Desc;{cX' S;E ie;ir;::)ur;e Span
(Bridge Pk:v.s'fcal Curvature . Grade S ¢ L3 Ground Length
Characteristics) 1Sl elind o asSH us RN Jael &Li:_)i On ol Joka

i ’ | alai g
sl palgd (s ghall oladly sl | oo o e gl 23y i
Rank |
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13. Please Rank the following sub-criteria 1 in order of importance from the most important (1) to

the least (n), as per schematic shown in page (4)

AW (1) AU e Asad Y aa BAIN A8y o LEA) B a%aT3 AN g AN A AN (Ulaall) Salsall S slan -13
(4) odadia A puiagall pull Uik ()

o . Effect
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o = s omplexity | Integrity | loads
Characteristics) | © | Safety | Concrete 8_8 5is sl 4y sl el n to structural
Qdmy di b alss | & |l | sagal A L of design
design
Rank el et I

14. Please Rank the following sub-criteria 1 in order of importance from the most important (1) to

the least (n), as per schematic shown in page (4)
SN (1) Y e 4paaYl Cona LA A8y 3k L) B agatt AN 5 4NN Ao 8N (Qutaadl) Jal gl i S sla g <14
(4) o Aadia (gl s M ke ()

Sub-Criteria 1 | LPCreasing
(Stake Holders Competitive | Future Use | Other Issues
Objectives) advantage | b dlaclagay ;;,L,:y-‘i,y
. s . o338}l saly ) ‘,Ug,_ﬂ] Jistod) A
e ldall cilsa/ il
Rank

15. Please Rank the following sub-criteria 1 in order of importance from the most important (1) to

the least (n), as per schematic shown in page (4)

S M (1) B0 Oa Araall a5 ABy ok LAST B aSah 3N g AN Ao il (Ouladl) Jal g i sla g -15
(4) s dada b sl pull s (0)

Sub-Criteria 1
(External
Constraints)
Lo BJl ol podf
Rank

Past Experience
a5l 5 palt

Managerial capabilities
4y 413y} oyl

16. Please Rank the following sub-criteria 1 in order of importance from the most important (1) to

the least (n), as per schematic shown in page (4)

S A (1) N O Apa) Gun 2SI Aiyoh oAl B aSaTs A g 40D 4o R (utadll) el S plas -16
(4) 62, dada A puagall gl G ()

Sub-Criterta 1
(Surrounding
Environment)
Esdiall by il
Rank

Site Condition

&sall gyl

Environmental Requirements
PERREIER

Commercial Aspects
4 lall al il

17. Please Rank the following sub-criteria 2 in order of importance from the most important (1) to
the least (n), as per schematic shown in page (4)

S M (1) AT a adT) cun 3TN Ay b ER) L a%ami Al g AU A Jmp( Jf,,ut) ‘:L-Lgdl o 5 plage <17
(@) fhsdata J miasdl pu i Uil ()

Sub-Criteria 2 | Machine Intensive | Labor Intensive

(Orientation) | s Jleaind Gl | Gailadh Jlesiad ciliy
4 g1/ AailSaall &l
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18. Please Rank the following sub-criteria 2 in order of importance from the most important (1) to
the least (n), as per schematic shown in page (4)

S (1) oY e Apadllh cona, RATH 8y ok SUART B oSamT G g A dge RN (ailaall) Jal gadl 5 ela s 418
(4) ) Aaka (8 e sl sl i ()

Sub-Criteria 2 .
Constructors Third Party
(Health & Safety) . .
; J il Ll
Rank |  ;ccemmeeem ] e

19. Please Rank the following sub-criteria 2 in order of importance from the most important (1) to
the least (n), as per schematic shown in page (4) )
poasll U (&) 4padd GBI 1 (1 o) Apanl ASW) (o 2Bl 48 5k LGRS (B aatD A g A0 jealiad) a5 pla <19

(4) g, dada (A e gall
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oY) o o il Gl 8 45580 3 ) gall 1) ilanall 3 1)
O T I e

20, Please Rank the following sub-criteria 2 in order of importance from the most important (1) to

the least (n), as per schematic shown in page (4)

S (D) oW G Apa P cana BATN ATy ph JLTAT B aSai AN g AN Ao RN (ulaadl) Jedgadl qui S sla <20
(4) i A (e galt s 1 i (¢)

Sub-Criteria 2

(Commercial | Constructor Responsibilities | Contract type Ui};rgcuremn Z’iﬂ
Aspects) J gtiall A giune Ball 4y g Ladlh
” . ?
4l ol
Rank | = ceceemmeee- -

21. Please Rank the following sub-criteria 2 in order of importance from the most important (1) to

the least (n), as per schematic shown in page (4)

S (1) A O Apab Y a3 ARy b LAl B asadi AN g 400N Age AN (ulaall) Jalgadl i S sla 221
(4) ¢85 Aakua (b g sl g 10 Uit ()

Sub-Criterta 2 Site Organization & - .
(Environmental Requirements) Cleaning Ezllislcgr‘ls ;N‘ 2 : ?’ten Ejﬁ!
ol b ATLS g p8gl o ' ’
Rank | @ emeemeeee-

22. Please Rank the following sub-criteria 2 in order of importance from the most important (1) to

the least (n), as per schematic shown in page (4)

AN (1) oY e Araall s 305N Ay jh LS 8 ety Sl g AN A AN (Guleall) Jalsal) casi 5 slay 222
(4) fby dadua A miagall au i ()

(gssggjg?oi ) Location Obstacles Possession of Site Construction Area
gl iy OLall G gl a3 gall a2 anl K.
| 111 S [——— e s — —————

23. Please Rank the following sub-criteria 3 in order of importance from the most important (1) to
the least (n), as per schematic shown in page (4)

A A (1) A e Al Guus LAY A8y b A0 B aSati 3l g 40 AN (ulaall) delsalt G sla 23

(4) ¢ dadia (A s gall pua ll Uish ()
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Sub-Criteria 3

(Constructor | Design-Build Build
Responsibilities)| i 5 aenal Jaid i

Joliall L gicua

Rank

24, Please Rank the following sub-criteria 3 in order of importance from the most important (1) to
the least (n), as per schematic shown in page (4)

A A (1) Y e Apad¥l uan JA5N A8y jh lasl B et A g 400 A 3 (pulaall) Sabsall il 5 sla 224
(4) pl dakia 8 qudagall ) i ()

Sub-Criteria 3 Negotiated

(Contract Type) | Jis) 4ca slialy COEFfEilve
die)) Lo g (Yt ¢
Rank

25. Please Rank the following sub-criteria 3 in order of importance from the most important (1) to

the least (n), as per schematic shown in page (4)

AN M (1) AoV Oa Arad Y caia 35N ARy e LSRN B aati 3 g 400 Ao AN (Galeadl) Salgall i 5 sl s 225
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i)ub-Cntena 3 Local Exemption of Customer Duties | Availability of Foreign Currency
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Rank | ~eeeeo—  { e |

26. Please Rank the following sub-criteria 3 in order of importance from the most important (1) to

the least (n), as per schematic shown in page (4)

(1) AV G Aar Y ia JAIN Ay phy LAY B atati AN 5 A Ao BN (Uslaall) Jabsall sl ela 26
(4) ) Ankua (b qudasalt pua 8 Ui ()
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27. Please Rank the following sub-criteria 3 in order of importance from the most important (1) to
the least (n), as per schematic shown in page (4)

S (1) A e AP Cuna BN Ady b GLAAT B aai N g AN A A (Gutaall) Jalgalt qudi S sla 227
(4) by dakea A guda gall pan M i ()

8?3;3232;3 Waterway | Railway Roads Valleys | Utilities
(ilsd sLaall aall agul Gkl St 5l
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28. Please Rank the following sub-criteria 3 in order of importance from the most important (1) to
the least (n), as per schematic shown in page (4)

A o) (1) oY) 0 Aad) conen BN Qi sl SLEAT D a3 AN 4 A0 R (Gataall) alsadt o5 sla s 28
(4) fi) 4aka b sl pussll i ()

Sub-Criteria 3
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sl adiuf
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29. Please Rank the following sub-criteria 3 in order of importance from the most important (1) to
the least (n), as per schematic shown in page (4)
S (1) Ao e Aradll) conia 285N DByl LA B aSatD 2 g AN e BN (Gataalt) Salsadl G 5 pla ) 20
(4) &) adia B gunsalt pe W Ui ()

Sub-Criteria 3 | Material Cranes Land Tonoerash
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wf Slsa .J‘_,AM b_)_’tuji Uaydl
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APPENDIX C: INTERVIEWS FOR CONDITIONS OF USING

ALTERNATIVES

Conditions of Use

Superstructure Construction Methods

Stationary Free Erecting
formwork | Cantilever beams

Using 2 travelers
Using 1 traveler
Advancing Shoring

Using launching

Trusses
using Cranes

o
=
o
3]
c
2
&)
—
o]
S
c
7]
E
[0}
T
Q
L

Stationary formwork
Creating an
Elevated Platform

© g’%' Box Section

o

2 % | Slab and Beam

'5; O
2 Slab

[4h]

S 0-10m

S5 10-15m

v 5

& B 15-20m

25

A o 20-30m

T3

00 30-40m

g) o]

0 cC 40-50m

o)

o 50-60m

O

;;‘; >40m

0-10m
< 10-20m
08; 20-30m
Tg‘ 30-40m
go 40-50m
° 50-60m
g’ 60-70m
e 70-100m
>100m
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Superstructure Construction Methods

Stationary Free Erecting o
formwork | Cantilever| o beams g
¥4 E Q
6 £ [ .. ‘C-) o C
m ; c 5 5 o P c @ 2
Conditions of Use EloE|lov | ©|%|=E e 5
= ol > > DG w =
S| 2| o | B | &£|cd| B |8
~|Eo| S| 212389 5%
o] o - B2 ©
g ® o 2| o
c| 5|l o| 2| 3o || &
closlel £ 1 o)ce g | ©
= v 3 S5 <13 2
8 el = =
v
08 ? Small
O Cc e -
S8°% Medium
-3 'C
vy o=
el ! Large
oo Downtown
252
a?®%35 Desert
2352
- —_— o c »
32 E 2 Agrarian
v < Others
el Require
B accessibility
a
8 Does not
b require
accessibility
B Waterway
-6 -
he, Railway
o
0
o Utilities
. Require areq
2 for crane
O & maneuvering
5 3
8 D Doesn't
5 require area
2 for crane
maneuver.
5 Strong
3 '(g) Medium
o Weak
>
£ 0-100cm
Q 0
T 0O [e))
C & C
g0 925 100-200cm
- 0 vt
o
2 >200cm
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Conditions of Use

Superstructure Construction Methods

Stationary Free Erecting
formwork | Cantilever| o beams

= c =

2 =561} O o & | £ ]
£ 0= 0] 1 o | £ c
o] o1 2 5 c | 88| ©
>|l=0| = | = clag|
5% 0| « g |22 o
c | 5 O D S | oF | £
sloglel £ ol¢g 3
5| L1333

ey

Incremental Launching

Prestressed-Precast

Prestressed/Cast
in-Situ

Type of
Concrete

R.C./Preacast

R.C./Cast In-Situ

277



Name (Optional):
Organization:
Your position (e.g. project manager, estimator, etc):

Years of Experience:

APPENDIX D: EVALUATION QUESTIONNAIRE

(BRIDGECONSTRUCT)

(Please tick as appropriate on one box only for every question and add your comment)

Evaluation
. (1) is poor,
Questions (5) is excellent
11213145
The system
Introductory Module
1 How well does the introductory form help in understanding how the
system works?
2 |How well is the information about construction methods presented?
Comment:

Identifying Feasible Alternatives Module

3

How appropriate is the data captured for the main project information?

4

Do the resulting alternatives satisfy your expectations?

5

Do the identified bridge and site data cover the key issues?

6

In general, how appropriate is this module?

Comment:

Pairwise Comparison of Alternatives Module

7

How clear are the selection criteria defined in the system?

8

To what extent does the refined hierarchy represent your perception of the
criteria affecting choice of alternatives?

9

To what extent does the overall hierarchy represent your perception of the
criteria affecting choice of alternatives?

10

How effective is the sensitivity tool?

11

To what extent do the identified alternatives represent all the methods that
are used in Egypt?

12

In general, how appropriate is the pairwise comparison module?

Comment:
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Questions

Evaluation
(1) is poor,
{5) is excellent

112[3]4]5

Cost Estimate Model

13

How clear are the cost elements identified?

14

To what extent do the identified cost elements represent the cost of the
superstructure?

15

In general, how accurate is the detailed cost estimate?

16

In general, how accurate is the preliminary cost estimate?

17

In general, how effective is the cost model in helping to choose a
construction method?

Comment:

General

18

How well does the system reflect the decision-making process in a real
situation?

19

How well does the system help in understanding how superstructure
methods can be selected?

20

How effective/accurate is the system in the selection of construction
methods?

21

How well organized (designed) is the system?

22

How user friendly is the system?

23

How well integrated are the different components of the system?

24

To what extent can the same approach extend to cover other elements of
bridges (e.g. substructure)?

25

What is your overall rating of the system?

Comment:

Applicability to Bridge Construction Industry

26

How convinced are you that bridge engineering professionals will use this
system (i.e. if made available)?

27

How effective will the system be in speeding up the decision making
process?

28

To what extent does it represent an improvement (or help) in the decision
making process?

29

To what extent is the system flexible in choosing the most appropriate
construction method?

Comment:
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General Comments:
1-What are the main benefits of the system?

2-In what way can the system be improved?

3-Further Comments
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APPENDIX E: COST ESTIMATION TABLES

Stationary Formwork on Ground

# ftem Unit
1 |General
1.1 |General Equipment
1.1.1 |Cranes Month
1.1.2 |Generators Month
1.1.3 |air compressor Month
1.1.4 (Water pump Month
1.1.5 [Truck for Transportation Month
1.2 |Cost of Scaffold LS
1.3 |Cost of required changes to Site LS
2 [Formwork
2.1 [Material
2.1.1 [Formwork for soffit m2
2.1.2 |Formwork for Vertical Surfaces m?2
2.1.3 [Formwork for inclined surfaces m?2
2.1.4 ‘Formwork for special requirements m?2
2.1.5 |Architectural Treatment m2
2.2 [Workmanship
2.2.1 [Formwork for soffit m?
2.2.2 [Formwork for Vertical Surfaces m2
2.2.3 [Formwork for inclined surfaces m2
2.2.4 |[Formwork for special requirements m?2
2.2.5 |Architectural Treatment m2
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ltem Unit
2.3 [Equipment
2.3.1 |Lifting Equipment Month
2.3.2 |Ancillary Equipment Month
Falsework
3.1 [Material On Site
3.1.1 {Falsework 0-4 m Height Month
3.1.2 (Falsework 4-8 m Height Month
3.1.3 [Falsework 8-12 m Height Month
3.1.4 [Falsework 12-15 m Height Month
3.2 (Workmanship
3.2.1 [Falsework 0-4 m Height m2
3.2.2 |Falsework 4-8 m Height m?
3.2.3 [Falsework 8-12 m Height m?2
3.2.4 |Falsework 12-15 m Height m?
3.3 Equipment
3.3.1 [Erection, Dismantling, and Transportation LS
3.3.2 [Service Equipment Month
3.4 |Cost of required changes to an Existing system LS
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Stationary Formwork on Elevated Platform

# item Unit
1 (General
1.1 |General Equipment
1.1.1 |Marine Equipment Month
1.1.2 \Generators Month
1.1.3 |Aircompressor Month
1.1.4 Watier pump Month
1.1.5 Mruck for Transportation Month
1.1.6 [Cranes Month
1.2 |Cost of Scaffold LS
1.3 [Cost of required changes to Site LS
2 [Formwork
2.1 Material
2.1.1 |[Formwork for soffit m2
2.1.2 [Formwork for Vertical Surfaces m?2
2.1.3 [Formwork for inclined surfaces m?2
2.1.4 JFormwork for special requirements m2
2.1.5 Architectural Treatment m2
2.2 Workmanship
2.2.1 [Formwaork for soffit m2
2.2.2 [Formwork for Vertical Surfaces m?
2.2.3 [Formwork for inclined surfaces m?
2.2.4 [Formwork for special requirements m2
2.2.5 |Architectural Treatment m?2
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flem

Unit

2.3 Equipment
2.3.1 |Lifting Equipment Month
2.3.2 {Ancillary Equipment Month
Faisework
3.1 Material On Site
3.1.1 Vertical Supports, Bailey Units LS.
3.1.2 Verticadl Supports, Heavy Shoring L.S.
3.1.3 [Brackets on Piers L.S.
3.1.4 [Temporary Foundations L.S.
3.1.5 |Longitudinal Beams for Platform M
3.1.6 {Transversal Beams for Platform M
3.1.7 [Falsework above platform 0-4m Month
3.2 Workmanship
3.2.1 {Erection, Dismantliing and Transportation m?
3.2.2 Vertical Supports Maenth
3.2.3 [Temporary Foundations Month
3.2.4 |Longitudinal Beams for Platform Month
3.2.5 [lransversal Beams for Platform Month
3.2,6 [Shoring above Platform 0-4m m?2
3.3 iEquipment
3.3.1 iErection, Dismantling, and Transportation LS
3.3.2 |Lifting Equipment Month
3.3.3 |Ancillary Equipment Month
3.4 |Cost of required changes 1o an Existing system L.S.
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Cantilever Construction by In-situ Concreting Using Twe Form Travellers or One

Traveller and A Stationary System

# ltem Unit
1 |General
1.1 |Generdl Equipment
1.1.1 Marine Equipment Month
1.1.2 |Generators Month
1.1.3 |[Aircompressor Menth
1.1.4 Water pump _ Month
1.1.5 [Truck for Transportation Month
1.1.6 |Cranes Month
1.2 [Cost of scaffold LS
1.3 [Cost of required changes to Site LS
1.4 [Temporary Fixation of $5 to Piers LS
2 |[Formwork
2.1 Material
2.1.1 [Formwork for soffit m2
2.1.2 [Formwork for Vertical Surfaces m?2
2.1.3 [Formwork for inclined surfaces m?
2.1.4 [Formwork for special requirements ma2
2.1.5 iArchitectural Treatment m?2
2.2 Workmanship
2.2.1 [Formwork for soffit m?
2.2.2 |Formwork for Vertical Surfaces m2
2.2.3 [Formwork for inclined surfaces m?2
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liem Unit

2.2.4 |Formwork for special requirements m2

2.2.5 |Architectural Treatment m?2
2.3 [Equipment

2.3.1 (Lifting Equipment Month

2.3.2 |Ancillary Equipment Month
Falsework
3.1 [Material For Stump on Brackets

3.1.1 [Brackets L.S.

3.1.2 |Longitudinal and Transversal Beams M

3.1.3 Falsework above platform 0-dm L.S.

3.1.4 |[Erection and Dismantiing L.S.
3.2 Material For Stump on Bailey units

3.2.1 Bailey Units Rental/Depreciation Month

3.2.2 |Longitudinal and Transversal $teel Beams M

3.2.3 [Falsework above Platform 0-4m Month

3.2.4 [Erection and Dismantling L.S.
3.3 [Material for Stump on Scaffolding

3.3.1 [Falsework 0-4m height Month

3.3.2 IFalsework 4-8m height Month

3.3.3 [Falsework 8-12m height mMonth

3.3.4 [Falsework 12-15m height Month
3.4 |Materials for Spans Constructed using travellers

3.4.1 [Rental/Depreciation Month

3.4.2 |Lost Items L.S.
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ftem Unit
3.4.3 |Erection and Dismantling L.S.
3.5 [Material for Shore Segment
3.5.1 |Falsework 0-4m height Month
3.5.2 [Falsework 4-8m height Month
3.5.3 |Falsework 8-12m height Month
3.5.4 Falswework 12-15m height Month
3.6 [Workmanship
3.6.1 [Erection, Dismantling and Transportation L.S.
Crew/
3.6.2 (Crew for Stump on Brackets Excluding falsework Month
Crew/
3.6.3 [Crew for Stump on Bailey Unit (Excluding Falsework) Month
Crew/
3.6.4 |Crew for stump on scaffolding (Excluding falsework) Month
Crew/
3.6.5 |Crew for spans constructed using travellers Month
3.6.6 |Workmanship for falsework 0-4m height m?
3.6.7 |Workmanship for falsework 4-8m height m2
3.6.8 |Workmanship for falsework 8-12m height m?
3.6.9 Workmanship for falsework 12-15m height m2
3.7 |Equipment
3.7.1 [Erection Dismantling and Transportation L.S.
3.7.2 |Lifting Equipment Month
3.7.3 |Ancillary Equipment Month
3.8 |Cost of required changes to an Existing system L.S.
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Advancing Shoring System (Flying Shuttering)

# item Unit
1 |General
1.1 |General Equipment
1.1.1 Marine Equipment Month
i.1.2 |Tower Cranes Month
1.1.3 |Generators Month
1.1.4 [Aircompressor Month
1.1.5 Water pump Month
1.1.6 [Truck for Transportation Month
1.1.7 |Cranes Month
1.2 (Cost of Scaffold LS
1.3 |Cost of required changes o Site LS
2 Formwork
2.1 |Material
2.1.1 [Formwork for soffit m?
2.1.2 [Formwork for Vertical Surfaces m?
2.1.3 [Formwork for inclined surfaces m?2
2.1.4 [Formwork for special requirements m?2
2.1.5 |Architectural Treatment m?
2.2 \Workmanship
2.2.1 [Formwork for soffit m?
2.2.2 [Formwork for Verical Surfaces m2
2.2.3 |Formwork for inclined surfaces m?
2.2.4 [Formwork for special requirements m?2
2.2.5 [Architectural Treatment m?
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Item Unit

2.3 [Equipment
2.3.1 |Lifting Equipment Month
2.3.2 |Ancillary Equipment Month
Falsework
3.1 [Material
System Rental/Depreciation (including hydraulic system main Month
3.1.1 [trusses, brackets, inclusive)
3.1.2 [Transportation of system to Site L.S.
3.2 [Workmanship
3.2.1 [Erection, Dismantling and Transportation L.S.
3.2.2 |Crew to operate system Month
3.3 [Equipment
3.3.1 [Transportation L.S.
3.3.2 |Lifting Equipment Month
3.3.3 |Ancillary Equipment Month
3.4 [Costs of Required Changes to an Existing Site L.S.
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Erecting Precast Beams Using Launching Girders, Cranes or Heavy Lifting

# ftem Unif
1 |General

1.1 1Casling Yard
1.1.1 [Land Rental Month
1.1.2 [Preparation of Land LS
1.1.3 [Moulds (Rental/Depreciation) Month
1.1.4 |Crew for erection, dismantling, and transportation of the yard Month
1.1.5 |{Crew for Normal Operation Month
1.1.6 |[Equipment for Erection, dismantling and transportation Month
1.1.7 |Lifting Equipment during operation Month
1.1.8 [Service equipment for operation L.S.

1.2 |Precast Beamns
1.2.1 [Launching System [Depreciation/Rental) Month
1.2.2 |Crew for erection, dismantling and transportation of the system |Month
1.2.3 |Crew for operating system Month
1.2.4 [Equipment for erection, dismantling and transportation Month

Tronsporio’r_ion from casting yards to required spans Month

1.2.5 |[Depreciation/Rental)

1.3 |General Equipment [Rental/Depreciation)
1.3.1 |Marine Equipment Month
1.3.2 [Tower Cranes Month
1.3.3 |Generators Month
1.3.4 |AirCompressor Month
1.3.5 {Truck for Transportation Month

1.4 |Cost of Scaffold LS

1.5 1Cost of Required Changes fo Site LS
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1.6 |Cost of required changes to an existing system LS
Formwork
2.1 [Material

2.1.1 [Formwork (Permanent/Temporary) m2

2.1.2 [Formwork for special requirements m?
2.2 (Workmanship

2.2.1 |Formwork {Permanent/Temporary) m2

2.2.2 [Formwork for special requirements m?2
2.3 [Equipment

2.3.1 [Lifting Equipment Month

2.3.2 |Ancillary Equipment Month

2.3.3 [Trucks for fransportation Month
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Incremental Horizontal Launching (Deck Pushing)

# ftem Unif
1 [General
1.1 |Casting Yard
1.1.1 {Land Rental Month
1.1.2 |Preparation of Land LS
1.1.3 [Manpower for Operation Month
1.1.4 |Liffing Equipment (Rental/Depreciation) Month
1.1.5 [Service Equipment Month
1.2 {General Equipment (Rental/Depreciation)
1.2.1 |Marine Equipment Month
1.2.2 [Tower Cranes Month
1.2.3 |Generators Month
1.2.4 |circompressor Month
1.2.5 Water pump Month
1.2.6 [Truck for Transportation Month
1.3 [Cost of Scaffold LS
1.4 {Cost of required changes to the Site LS
2 |Formwork
2.1 Material
2.1.1 [Forrmwork for soffit m2
2.1.2 [Formwork for Vertical Surfaces m?2
2.1.3 [Formwork for inclined surfaces m2
2.1.4 Formwork for special requirements m?
2.1.5 [Architectural Treatment m?2
2.2 Workmanship
2.2.1 |Formwaork for soffit m?
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2.2.2 |[Formwork for Vertical Surfaces m2
2.2.3 |Formwork for inclined surfaces m?2
2.2.4 |Formwork for special requirements m2
2.2.5 |Architectural Treatment m?2

2.3 |Equipment

2.3.1 |Lifting Equipment m2
2.3.2 |Ancillary Equipment ' m?
2.3.3 [Trucks for transportation m?
Falsework
3.1 [Material
3.1.1 [System Rental/Depreciation Month

3.2 Workmanship

3.2.1 [Erection, Dismantling, and Transportation LS

3.2.2 |Crew for Operation Month

3.3 [Equipment

3.3.1 (Erection, Dismantling, and Transportation LS
3.3.2 [Service Equipment Month
3.4 [Cost of required changes to an Existing system LS
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Concrete, Steel Reinforcement, Prestressing, Bearings, Expansion Joints, and Others for

all Construction Methods

# lfem Unit

4 |Concrete

4.1 [Ready mix concrete on site m3

4.2 |Casting Concrete

4.2.1 Using Cranes and Buckets m3
4.2.2 |Using Stationary Pump m3
423 |Using Mebile Pump m3

4.3 Workmanship for Casting Concrete

4.3.1 [Vibration, Finishing and Curing m3

4.4 Service Equipment

4.4.1 |Vibrators Month

4.5 iAncillary Material

4.5.1 [Material for Curing m3

5 Steel Reinforcement

5.1 [Material On Site

5.1.1 |Rebar cut and bent on site Ton
5.1.2 [Spacers Ton
5.1.3 |Binding Wire ton
5.1.4 |Welding Electrodes fon
5.1.5 [Mechanical couplers ton

5.2 Manpower

5.2.1 [Erection of rebar ton

5.3 Equipment

5.3.1 |Lifting Month
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5.3.2 |Ancillary Month
53.3 |Cutters Month
5.3.4 |Welding Machine Month
Presfressing
6.1 |[Material On Site
6.1.1 [Strands ton
6.1.2 [Bars ton
6.1.3 |End Anchorages No.
6.1.4 [Couplers No.
6.1.5 [Sheath m
6.1.6 [Grouting Litre
6.1.7 Ancillary L.S.
6.1.8 |Installation ton
4.2 [Manpower
6.2.1 [nstallation Ton
6.3 |Equipment
6.3.1 |Decoiler Month
6.3.2 |Jacks Month
6.3.3 [Strand Pusher Month
6.3.4 [Hydraulic Pumps Mcenth
6.3.5 |Grouting Pump Month
6.3.6 [Jack Carrier Month
6.3.7 |Lifting Menth
6.3.8 [Ancillary Equipment Month
Bearings
7.1 |Material On Site
7.1.1 [Bearings [Elastomeric/Pot/Others) No.
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7.1.2 IGrouting L.S.

7.1.3 |Ancillary Material L.S.
7.2 Manpower

7.2.1 lInstallation No.
7.3 |[Equipment

7.3.1 |lifting Month
Expansion Joinis
8.1 |Material

8.1.1 |E.J. {[Rubber/Saw Tooth/Others) No.

8.1.2 |Grouting LS.

8.1.3 |Ancillary Material L.S.
8.2 Manpower

8.2.1 |[Installation No.
8.3 |[Equipment

8.3.1 [Lifting Month

8.3.2 [Asphalt Saw Month

8.3.3 |Ancillary Equipment Month
Others
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