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Abstract

Estimating and bidding a job 1s one of those essential processes at the heart of a
contractor’'s business. Risk and uncertainty are major considerations in bidding

decisions for construction projects. Numerous factors need to be taken into account

when making bidding decisions which make them multi-criteria decisions.

The present study focuses on developing multi-criteria decision making models to
assist in bidding decisions. The Analytical Hierarchy Process (AHP), which is a
multi-criteria decision making tool, 1s used to quantify risk encountered in bidding
decisions. The AHP has been employed to model both the bid/no bid and mark-up
decisions. The data required for this study was collected from thirty firms operating in

(Gaza Strip by way of a written structured questionnaire. The data was analysed using

the Criterium Decision Plus Software based on the AHP. Ten factors were selected to
aftect bid/no bid decisions while eleven factors were chosen to influence mark-up
decision. Results from the questionnaire survey supported previous studies that profit
1s not the most important factor in making bid/no bid and mark-up decisions. The

results also indicate that the most important factors when making the bid/no bid

decision are: the 'need for work' followed by the 'company strength in industry’ and
payment methods'. For the mark-up decision, the 'need for work’', 'owner/client and
consultant identity' and 'project size' are the most important factors. A real life case
study was used to demonstrate the application of the two models. Twelve meetings
were conducted with a contractor working 1n Gaza Strip construction industry in order
to gather the required data for the validation. The case study consisted of three
different projects, road works, electromechanical and building projects, and the
contractor had to make a decision on which projects to bid for and then which of them
will result in a higher mark-up. The validity of the two models was confirmed by

applying a two-stage Linear Programming (LP) approach to the data obtained from

the case study. The results from the LP approach agreed with the outcome from the



AHP. The developed AHP models can be easily used by the contractors to assist in

making bid/no bid and mark-up decisions.

This study tnvestigates the Fuzzy Sets Theory, which i1s a mathematical approach used
to characterise and quantify uncertainty. as a bidding strategy. This study summarises
the work that has been done to-date reviewing the fundamental concepts and
applications of the Fuzzy Sets Theory 1n construction. Fuzzy Sets Theory was found

to be used widely in construction research but most studies were found theoretical.

The research also examines the challenges of using the reverse auction as an open
bidding process. In construction industry, reverse auction 1s one such technique that
uses secured Internet technology for tendering process. Advantages of on-line bidding
include: the ability to submit more than one bid, time benefits, increasing
competitiveness among contractors and attracting unknown bidders. The main
drawback of reverse auctions 1s that the award of the product/service will be based on
the price rather than on the quality of the product or service. Furthermore, security

and legal issues need further considerations when forming e-contracts for the

procurement of construction services.

Selecting a suitable contractor to execute a particular project 1s an important decision
for the client to take. Awarding construction contracts based on the price only is not
always a successtul strategy tor contractor selection as it could result in construction
delays and cost overruns. In addition to price, factors such as quality and safety need
to be taken into account when making the contractor selection decision. In this study,
two methods for contractor selection were compared: the points method and the
Analytical Hierarchy Process. The two methods were applied to a real life case study
for contractor selection. Financial and Quality factors were considered to affect the
contractor selection decision. Both methods resulted 1n selecting the same contractor
for executing the project under consderation. The Analytical Hierarchy process

provides a flexible and computer based method for contractor selection decision.
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CHAPTER ONE

INTRODUCTION

1.1 Introduction

In this chapter, a general background to the research is provided in Section (1.2). This is
followed in Section (1.3) by objectives of the study. The methodology which was
adopted to achieve the objectives of the thesis is described in Section (1.4). Finally, an

outline of the thesis is given in Section (1.5).

1.2 Research Background

Contractors can secure contracts by competitive tendering procedure or occasionally by
direct negotiation with the promoter. The competitive bidding method has the advantage
of allowing new contractors or contractors who are unknown to the design team to submit
a tender for consideration. This system appears to provide maximum competition. While
the procedure of direct negotiation does not have the benefits of competition, it may be

appropriate in cases of urgency, or where the selected contractor’s expertise is unique and

the firm is well known to the promoter.

This research study focussed on the competitive tendering procedure and in particular,
the uncertainty and risk involved in making bidding decisions. This study covers both

forms of competitive bidding: the closed and open or auction bidding.




In competitive bidding, the first decision the contractor has to make is whether to bid or
not to bid for a particular project. Once the contractor has decided to bid for a particular

job, the team will start by analyzing the job and preparing a cost estimate. The final price

charged by the contractor is the sum of the cost estimate and a bid mark-up. The bid
mark-up covers the contractor’s overhead contribution and profit. Selection of the mark-

up is therefore an essential step in determining the final bid value for a particular project.

Depending on the complexity of the project, market conditions, number ot competitors
and the conditions of contract imposed by the client, the mark-up may also include a risk
premium. The value of the risk premium may be determined either from the contractor’s
historical records, intuitive judgment or a quantitative analysis to take into account
probabilities of occurrence of particular events and the magnitude of possible losses
should the risky events materialise. Analysis of risk therefore forms an important

component of the bidding process, with the overall objective of improving the decision-

making process.

Many studies have been conducted to assist the bid decision-making process and
numerous mathematical decision models have been formulated to analyse construction
risk in bidding since 1960s. For example, Friedman (1956) and Gates (1967) have
modelled the relationship between mark-up and the probability of winning a bidding
competition. Several studies have also been conducted to compare the two models.
Friedman’s bidding model asserts that cach bidder’s behaviour is stochastically
independent of all other bidders, while Gate’s criticises this assumption. Benjamin (1972)
reviewed the features of the two models and compared the results with outcomes from a
Monte Carlo simulation expertment. He concluded that it took about twice the volume of
work to realise about the same profit by using Friedman’s model compared with using
Gate’s equation. Carr (1982) developed a general model, based on the assumption that it
is applicable to any bidding competition provided a contractor’s cost distribution and
opponents' bid distributions can be estimated. He then compared the predictions of his

model with Friedman’s and Gate’s results to determine the significance of differences in

I\




assumptions. He argued that Gate’s approach 1s more applicable to be used in conjunction

with his derived general model than Friedman’s equation.

Dozzi and AbouRizk (1996) developed a utility theory based model for the determination
of the mark-up values for construction projects. They used a tirm’s past mark-up values
to determine a recommended bid mark-up. The advantages ot a utility-based model are
that the decision maker’s attitude to risk 1s explicitly taken into account in the
development of the marginal utility functions. They assert that their model could be
successfully used to determine the bid mark-up for a construction project considering all
types of bidding criteria. Yeo (1991) recommended the use of sensitivity analysis as a
non-probabilistic analysis technique for evaluating risk variables. He demonstrated his

approach using a case study example. A cost sensitivity index and a coefficient of

variation were used to measure the level of cost risk.

Quantitative methods to determine the bid mark-up based on multiple criteria has been
the subject of research by a number of investigators. For example, Ringwald (1982)
developed a method for calculating a bid mark-up using the crew-day method, which
relates capacity of the firm during a given time period to 1ts particular financial goals.
Griffis (1992) suggested a method to improve the probability of winning in the

competitive bidding problem by obtaining additional information concerning key

competitors.

Despite the development of many bidding models over the years, most contractors still
completely rely on past experience and judgment in making bidding decisions. Ahmed
and Minkarah (1988) conducted a questionnaire survey on bidding in construction and
concluded that only 11.1% of American contractors use mathematical models in bidding
situations while Shash (1993) found out that 17.6% of UK contractors rely on

mathematical bidding models.

Wanous, Boussabaine and Jewis (2000) suggested the following reasons for not using

these models 1n practice:




¢ The over simplicity of the models’ assumptions makes them unable to represent

real life situations.

e Most contractors are unwilling to struggle with sophisticated mathematical

models.

This study investigates use of the Analytical Hierarchy Process (AHP) as a decision-
making tool to quantify the uncertainty and risk associated with bidding decisions.

The Analytic Hierarchy Process (AHP) is a multi-criteria decision making tool developed
by Saaty (1990). It is an analytical tool, which enables the decision maker to rank
tangible and intangible factors against each other. It involves building a hierarchy of
decision elements as each level 1s related to the level above and below it. The entire
scheme is bound together mathematically. Once the hierarchies have been established, a
pair wise comparison matrix of each element within each level is constructed. This allows
for elements weighting within the same group. The AHP has a unique feature in that it
measures the quality of the input data, which 1s used to make the decision, by calculating

a consistency factor. Criterium Decision Plus 1s commercial software which has been

developed to implement the Analytical Hierarchy Process.

The concept of Fuzzy sets was first introduced by Lukasiewicz in the 1920s (Rescher
1969) and named as possibility theory. Zadeh (1965) extended the work on possibility
theory to identify Fuzzy sets as a mathematical method used to characterize and quantify
uncertainty. Fuzzy Set Theory is a mathematical method used to characterize and
quantify uncertainty. Fuzzy sets are useful when there i1s not enough data to characterize
uncertainty by means of statistical measures involving the estimation of frequencies (e.g.,
mean, standard deviation and distribution type). The main concept of Fuzzy set theory
where a set refers to a group of elements that share some characteristics is the

membership function. The use of Fuzzy Set Theory to quantify uncertainty in bidding

decisions is considered in this work.




In the UK construction industry, the use of reverse auctions in bidding for construction
work is a subject of current debate. A reverse auction 1s an electronic auction where
contractors bid on-line against each other tor contracts against a published specification.
Reverse auctions promise increased efficiency, transparency and reduced costs. The
Office of Government Commerce (OGC) is championing use of reverse auctions and
encouraging other government departments to use various forms of e-procurement. With

40 per cent of all construction output being procured by government departments,

construction firms will need to develop strategies to capitalize on using reverse auctions
to win work. This has implications for contractor selection and whether selection on the
basis of best value or quality can be retained remains to be answered. The use of

electronic reverse auctions in construction procurement was also considered in this study.

1.3 Research Objectives

The aims of the programme of research are to:

Contribute to the construction profession’s understanding of risk associated with
the closed and open bidding (reverse auctions). The research also aims to improve
the efficiency of the decision-making process in bidding for construction projects
by quantifying the inherent uncertainity and risks.This will be achieved by using
the AHP (Analytical Hierarchy Process), as a multiple criteria decision making

method. The research aims to develop improved risk based quantitative models to

assist contractors in formulating rational bidding decisions.

Proceeding towards these aims, a comprehensive overview of both forms of bidding was

undertaken. The specific objectives of the study are:

|  To review published research on bidding strategies and assess its relevance to

decision-making by construction contractors in practice.




D

To investigate the accuracy and reliability of past bid data to determine the right

project to bid for and help to improve the bid/no bid decision-making process.

(e

To investigate the accuracy and reliability of past bid data to determine an optimum
mark-up and help to improve the decision-making process in determining bid mark-

up values.
4  To examine the pitfalls and challenges ot reverse auctions.

5 To review the published research into applications of fuzzy set theory as a decision-

making tool.

6 To identify the factors affecting Bid/no Bid decision-making and to structure these

factors hierarchically.

7  To identify the factors affecting determination of mark-ups in bidding decisions and

their relationships.

8 To develop a model to quantify the effect of the identified factors on Bid/No Bid

decision-making using the AHP (Analytical Hierarchy process).

9 To develop a model to quantity the effect of the identified factors on mark-up

decision-making using the AHP (Analytical Hierarchy process).

10 To develop multi-criteria decision making model to assist in contractor selection.

1.4 Research Methodology

The work started by reviewing published literature of which there is wide body on the
Internet, published textbooks and Journal papers etc. Research focused on closed and

open competitive bidding in the construction industry. The bidding models which have




been developed over the years and the factors atfecting bidding decisions were reviewed.

Then. the published research into applications of fuzzy set theory for decision-making

was summarized.

Research into the mathematics underlying the Analytical Hierarchy Process was carried
out using books and studies published in industry journals. The available software that
implements the Analytical Hierarchy process was also reviewed. Then, the study
consisted of the development of quantitative multi-criteria decision making models for
bidding. The work also involved close collaboration with construction contractors to
obtain data required for the development of the models. The data required to construct the

models were collected from top contractors in Gaza Strip by way of a written structured

questionnaire.

The validation and testing of the two models were carried out using the Criterium
Decision Plus Software and the Linear Programming approach. The data needed for
conducting the validation and testing of the proposed models were collected from a

Contractor operating in Gaza Strip. Several meetings were held with the contractor to

gather the required data.

Finally, the Analytical Hierarchy Process was used to assist client in the contractor
selection process. The required data was obtained from real life case study for Contractor
Selection. A comparison between the points method, which has been used in the case

study as a method of evaluation, and the Analytical Hierarchy Process, using the

Criterium Decision Plus Software, was undertaken.

1.5 OQutline of Thesis

Chapter Two is concerned with closed competitive bidding in the construction industry. It
summarises the published material on factors affecting bidding decisions which include

bid/no bid and mark-up decisions. The bidding models which have been developed over the




years are reviewed. This chapter also provides a description of fuzzy sets theory as a tool to

assist in bidding decisions.

Chapter Three reviews open competitive bidding and electronic reverse auctions. This
chapter starts by giving a brief description of different types of auctions. The procedure
adopted when conducting a reverse auction is explained. The advantages and disadvantages

of reverse auctions are also covered in this chapter.

Chapter Four gives a brief description of the decision-making process and different
decision-making techniques such as decision trees, monte carlo simulation and multi-

criteria decision-making methods. Different multi-criteria decision-making methods are

also presented in this chapter.

Chapter Five reviews qualitative and quantitative research methods. The features of both
methods are given. Methods of qualitative research including: Focus Groups, Case
Studies, Participant Observation and Action Research are explained. Major types of

quantitative research methods such as Experimental, Quasi-Experimental and Surveys are

also discussed.

Chapter Six gives an overview of the Analytical Hierarchy Process as a multi-criteria
decision making method. It then provides an illustrative example ot the Analytical
Hierarchy Process applied to a decision making process. It also discusses some problematic

features with the Analytical Hierarchy Process followed by a literature review of published

research into applications of AHP.

Chapter Seven highlights difterent software available for implementing the Analytical
Hierarchy Process. A comparison between four types of software: the Criterium Decision
Plus, Logical Decisions, Web HIPRE and Expert Choice 2000 is included. This is followed

by a detailed description of the Criterium Plus features.




Chapter Eight is concerned with data collection for development of the Analytical
Hierarchy Process Models. As the data was collected from Gaza Strip, a brief history of
the Gaza Strip and its effect on the construction industry i1s provided. An overview of the
state of the current construction industry i1s given. The steps which were followed to

collect the required data are detailed including the questionnaire survey design. Finally, a

preliminary analysis of the results 1s provided.

Chapter Nine demonstrates how two AHP multi-criteria bid/no bid and mark-up models
were developed. The results obtained from the two models are presented. Finally,

discussion of the results from both models are provided.

Chapter Ten validates and tests the two AHP models using real life case studies. The
validation and testing of the two models were carried out using the Criterium Decision Plus
Software and the LINDO software; which implement the Linear Programming approach. A

comparison between the outcomes from the two software 1s presented.

Chapter Eleven presented a comparison between two methods of Contractor Selection: the

points method and the Analytical Hierarchy Process (using the Criterium Plus Software).

The two methods are applied to a real life case study for Contractor Selection.

Chapter Twelve provides a summary of the conclusions of this study.

[t also gives recommendations for possible future research directions.



CHAPTER TWO

Bidding Strategies and Probabilities

2.1 Introduction

The greatest challenge facing the contractors 1s choosing a bidding strategy that
assists them in selecting which contracts to bid for and winning the competition

without overbidding. The problems and difficulties in determining of bidding

strategles have been studied for more than 30 years.

This chapter provides a description of the process of closed competitive bidding in
the construction industry (Section 2.2). The critical decisions encountered in
submitting an offer 1s discussed in section (2.3). Section (2.4) summarizes the
published material on the factors affecting bidding decisions. A review ot the bidding

models which have been developed over the years 1s provided in sections (2.5) and
(2.6).

In section (2.7), an introduction to Fuzzy Sets Theory is proposed for selecting

bidding strategies. The concept of Fuzzy sets was first introduced by Lukasiewicz in
the 1920s (Rescher 1969) and named as possibtlity theory. Zadeh (1965) extended the
work on possibility theory to identify Fuzzy sets as a mathematical method used to
characterize and quantify uncertainty. Fuzzy sets are useful when there is not enough

data to characterize uncertainty by means of statistical measures involving the

estimation of frequencies (e.g., mean, standard deviation and distribution type). This
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chapter provides a briet outline ot the principles of fuzzy set theory. It also provides a

review of published research into applications of fuzzy set theory for decision-making

in situations involved risk and uncertainty in section (2.8).

2.2 The Tendering Process

There are three distinct stages in the competitive tendering procedure leading to a
final agreement between the client/promoter and contractor:
a2 Advertising the proposed project: Promoters normally advertise the proposed

project in the local and trade publications to encourage qualified contractors to

participate and submit an offer to undertake the work.

3 Submitting Offers: the submission of offers by interested and qualified

Contractors to undertake the proposed project.
a Bid Evaluation, consideration and acceptance of the offer: the promoter

evaluating each bid and selecting the best bid leading to a contract between the

promoter and one of the tenderers.

2.3 Critical Decisions Encounted in Submitting an Offer

Contractors are faced with two critical decisions when invited to submit offers for
carrying out a particular project. The first decision the contractor has to make is
whether to bid or not to bid for a particular project. Shash (1993) emphasises the
importance of this decision due to its financial consequences. If the contractor
chooses to bid he has to prepare an estimate for the direct and indirect costs for
undertaking the project, which will consume time and effort from the staff and there

1s no guarantee that they will win the job, Wilson and Sharpe (1988). If the contractor

decides not to bid, an opportunity loss might be incurred.

Once the contractor decides to bid, the second crucial task is to determine the tender
price, which consists of the cost estimate plus a mark-up, Akintoye (2000). The cost

estimate can be determined by analysing items of the Bill of Quantities, while the bid
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mark-up covers the contractor’s overhead contribution and a profit margin.
Overheads are all those items necessary to complete the job, but do not form part of
the permanent job. This includes site overheads (such as staff, accommodation,
insurance, transport, security and storage) and head oftice overheads (which can only
be determined from a careful record of the costs associated with running a head
office). Therefore, selection of the mark-up 1s an essential step in determining the

final bid value for a particular project.

2.4 Factors Affecting Bidding Decisions

Ahmed (1988) conducted a questionnaire survey among 400 of the top general
contractors in the United States to uncover the factors affecting bidding decisions
(bid/no bid and mark-up decision). Contractors were asked to rank 31 factors
affecting both decisions. The result of the questionnaire revealed that the type of job,
need for work, owner, historic profit and degree of hazard were considered to be very
important, while, equipment requirement, tax liability and season were the least
important factors when making the bid/no bid decision. Degree of hazard, degree of
difficulty, type of job and uncertainty in estimate were ranked as the most important

factors meanwhile, job start time, season and tax liability were the least important

factors influencing mark-up decision.

Shash (1993) identified 55 factors that characterize the bidding decisions through a
review of the American and British literature. A questionnaire survey was then
distributed among 300 top UK contractors mainly to determine the level of
importance of each factor towards the bid/ no bid and mark-up decisions by assigning
a scale of 1-7. Need for work, number of competitors tendering, expertence in such
projects and current work load were identified as the most important factors
influencing the bid/no bid decision, while government regulations, insurance
premium and tax liabilities were the least important. For the mark-up decision, degree

of difficulties, risk involved in the nature of the work, current work load and need for
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work were considered by the respondents as the most important factors while,

insurance premium, bond requirements and tax liabilities were the least important.

Wanous, Boussabaine and Lewis (1998) conducted a formal questionnaire survey
among contractors in Syria; they identified and ranked 35 factors intluencing the
bid/no decision. They concluded that fulfilling the tender decisions, project size and

maintaining the relationship with the client are the most important factors aftecting

the bid/no decision.

Shash and Abdul-Hadi (1993) tested the hypothesis that small, medium and large
contractors in Saudi Arabia vary in their evaluation of different factors aftecting the
mark-up size decision. The data was collected by sending a questionnaire survey to
300 randomly selected construction contractors in Saudi Arabia. The contractors were
asked to provide a numerical scoring for factors to express their opinion on the
significance of each factor in determining the mark-up size. Results from this study
revealed that the importance of factors influencing mark-up decision varies with the
size of the contractor. For the small contractors, size of contract, availability of
required cash, location of project and type of contract were considered the most
important factors. For the medium contractors, availability ot required cash, project
cash flow, uncertainty in cost estimate and size of contract were the most important
factors. For the large contractors, risk involved In investment, type of contract,

uncertainty in cost estimate and duration were the most important factors.

Dulaimi and Shan (2002) examined the relationship between the contractor size and
the factors affecting the mark-up decision. A questionnaire survey was conducted
among 150 medium and large size contractors operating in Singapore. The
respondents were asked to indicate on a scale of 1 to 5 the level of importance of
forty factors related to the mark-up decision. Availability ot work, need for work,
establishing long relationship with clients and past profit in similar projects were
considered by the medium size contractors as the most important factors intluencing

the mark-up decision. For the large size contractors, degree of difficulty, availability
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of work, identity/ competitiveness of competitors and risk involved in investment

were identified as the most influential in the mark-up size decision.

2.5 Bidding Strategies for the Bid / No Bid Decision

Carr and Sandahl (1978) used multiple regression analysis (MRA) to develop a model
to help contractors in making the decision to whether or not to estimate and bid for the
nroject. The MRA examines the relationship between a dependent variable, which is
the factor that nceds to be predicted, and a set of other factors called the independent
variables. Data for each job undertaken by a contractor were collected; including the
value for the dependent variable LBC and the values for all the independent variables.
The low bid cost ratio (LBC), which was detined as the ratio of the lowest bid of any
competitor to the contractor’s cost, was detined as the dependent variable while the
independent variables were: XI1= the ratio of the number of neighbouring state
competitors to total number of competitors, X2 = Contractor’s state value of
nonresidential construction, X3 = Contractor’s city value building permits, X4 = ratio
of the number of strangers (not from the contractor's state) to total number of
competitors, X5 = total number of competitors and X6 = average of previous two
LBC’s in applicable ownership category. The MRA model was then applied to two real
life projects. They concluded that this model can assist contractors in bid/no bid
decision by comparing the calculated low bid cost ratio ot the project under
consideration to the low bid cost ratio resulted from the MRA model. If the LBC value

of the project is equal or more than the LBC value from the MRA model, the contractor

should estimate and bid for the project.

Ahmed (1990) proposed a model for dealing with the bid/no bid dectsion by adopting
two stages. Seventeen factors were considered in this study. First, he considered

factors such as type of project and location deterministically. Then, the second stage

was a probabilistic one which took account of uncertain criteria such as competition

and risk expected. The bidding problem was decomposed into four high level criteria
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and 13 lower level criteria. This model was not used 1n real-life situations due to the

number of inputs required.

AbouRizk et al (1993) proposed an expert system called *BidExpert’ to provide the
user with a recommendation to bid/no bid decision. The model was developed with

the help of database management program named ‘BidTrack’, which allow tor the

historical information from past bids submitted by the company and its competitors to
be recovered. The information supplied by the user concerning the new project and
the information recovered from the BidTrack program was then used as inputs to

BidExpert which gives a bid/no bid recommendation. This technique failed to

consider the company characteristics

Wanous. Boussabaine and Lewis (2000) reported a parametric approach tfor modeling
the bid/no bid decision-making process. They modelled the most important 17 factors
affecting the bid/no bid decision that has been identified through a questionnaire
survey among contractors operating in Syria. Financial capability ot the client,
relations with the client, project size, availability of time for tendering and site
clearance of obstructions were among the factors considered in their study. They used
162 real bidding situation to develop their model. Then the model was tested using

another 20 real projects and proved 85% accurate in simulating the actual decisions.

Han and Diekmann (2001) proposed a risk-based go/no go decision-making model to
assist contractors in their bidding decision for international projects. The developed
go/no go model employed the cross impact analysis (CIA) method to assess the
uncertainties associated with international construction. The CIA method 1s a
technique that can be used to predict future events by capturing the interactions
between the different variables of the model. 32 factors were considered in this model
arouped under five main categories: Country conditions (such as cultural and legal
conditions and political conditions) controllable variables (such as firm’s current
resources and owner’s satisfaction), uncontrollable variables (including labour issues

and currency cxchange rate), successor variables (such as project cost uncertainty and
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possibility of future market) and outcome variables (including project profitability
and other benefits to the firm). The model was then tested by applying the model to
different country and project conditions and with the participation of 56 people. The
main finding of this study was that the model improved the decision quality and

consistency. Results from the model testing showed that the model was more helpful

for inexperienced group than for experienced group.

Wanous, Boussabaine and Lewis (2003) also modelled the bid/no bid decision—
making process using the artificial neural network (ANN). They identified 35 bidding
factors through a formal questionnaire survey supported by six semi-structured
interviews. Among those factors, 18 were considered as potential factors and used to
collect data on 157 real life bidding situations from 124 contractors operating in
Syria. The developed model was then applied to another 20 new projects for testing.
They proved that ANN is an accurate and powertul tool for modelling the bid/no bid

decision. The main problem with this technique i1s that ANN can be difficult to

Interpret.
2.6 Bidding Strategies for Mark-Up Determination

Methodologies that can be used to improve bidding decisions are of tremendous
value. Increased profits can result through the use ot bidding models (Fuerst 1976).

Many studies have been conducted to assist the bid decision-making process and

numerous mathematical decision models have been formulated to analyse
construction risk in bidding since 1960s.The competitive strategy models developed
considered the optimal bid to be either one that maximises the expected monetary
value of the job, the product of the bid profit and the probability of winning the job
with that bid, or the expected utility of the job to the bidder. Expected utility is a

measure of individual’s implicit value, or preterence, for each policy in the risk

environment.
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The first approach to model the relationship between mark-up and the probability of
winning a bidding competition was introduced by Friedman (1956). He found the
probability of winning with a given bid to be the product of the probabilities that the

bid is less than the bids of the competitors as follows:

in which,

b, = the bid of the contractor using the model

b,I=12,...... , n = the bids of the competitors.

This formula according to probability theory is the probability of the joint occurrence
of n independent events, which implies that each bidder’s behaviour is independent of

all other bidders.

For the case of bidding against a known number of unknown competitors, Friedman

suggested the following:

The probability of winning against n unknown competitors for a given mark-up

= (Probability of beating one ‘typical’ competitor)” e (2.2)

Gates (1967, 1976) strongly criticized the independence assumption underlying
Friedman’s model and claimed that his formula 1s substantially better than that used
by Friedman. He outlined different competitive bidding situations where the ultimate
aim was also to maximize profit (1.e. the mark-up). Most of the strategies suggested
by Gates are for use by one contractor against competing contractors.

Generally, Gate’s model recommended that the probability of winning a contract at a

given mark-up against a number of known competitors 1s

I

P= (1= Pa) Pa]+ (1 - Ps)/ Ps]+[(1 - PE)/ Pe]+ o4t (2.3)

Where P, is the probability of beating A
Pg is the probability of beating B
P is the probability of beating C
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While for the case of a known number of unknown competitors, based on the analysis
that did not differentiate between the identities of any of the other bidders (similar to
Friedman)

Gate’s model becomes:

- L 0 4

Where Pn is the probability of beating » unknown competitors

P._is the probability of beating a typical competitor.

v

Both models assumed that the distribution of the ratios of the true cost can be
determined from the contractor’s record (i.e. the ratios of competitors’ past bids to the
bidding company’s cost estimates). Friedman suggested that this distribution follows

the Gamma distribution function while Gates found the cost ratios to be Normally

distributed.

There has been a controversy over the Friedman and Gates bidding models and

several studies have also been conducted to compare the two models.
Rosenshine (1972) suggested that both models were correct —“Friedman’s model as a

tool to determine an optimum bid and Gates’ model as a description ot the results of

bidding competitors.”

Benjamin and Meador (1979) reviewed the features of the two approaches by
applying the two models to a set of bids by a real contractor. The bidding history of a
contractor for 131 jobs over a 3 year period was used as data for the comparison.
Then they compared the results with outcomes from a Monte Carlo simulation
experiment. Inputs to simulation consisted of the construction cost estimates for the
131 jobs and the lowest competitor’s bids. They concluded that it took about twice
the volume of work to realise about the same profit by using Friedman’s model

compared with using Gates equation.

Carr (1982) tried to resolve the matter by developing a general model, based on the

assumption that it is applicable to any bidding competition provided a contractor’s
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cost distribution and opponent’s bid distributions can be estimated. He considered the
casc where the variations in bids are mainly due to the variations in costs without
taking the mark-up variations into account. He then compared the predictions of his
model with Friedman and Gate’s results to determine the significance of differences
In assumptions. He argued that Gates approach is more applicable in conjunction with

his derived general model than Friedman’s equation.

loannou (1988), Morin and Clough (1969) reported successful application of

Friedman’s model. loannou (1988) supported Friedman’s approach by proving the

probabilistic validity of his model by using correctly stated arguments of symmetry

and he also argued that the independence assumption behind Friedman’s model did

not violate the axioms of probability theory.

Despite the fact that many researchers reported successful applications of Friedman
and Gates models, these models failed to take into account the uniqueness of each

contract, such as project characteristics and company charcteristics, as both

approaches depend only on past records to determine the mark-up size.

Liu, et al. (2005) proposed a formula for the probability of winning and determining
the optimal mark-up for construction contracts. The main assumption underlying their

formula was that the cost estimate is normally distributed with a non zero mean value.

While in Gates and Friedman’s models there is no time element, some researchers
have considered time In developing their models. Ringwald (1982) developed a
method for calculating a bid markup using the crew-day method, which relates the
capacity of the firm during a given time period to its particular financial goals. This
application of this method was illustrated by a hypothetical example; a firm had to bid
for two projects with the same total cost with one general crew. He concluded that

this method can be used by the contractor as a check for the mark-up decision.
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Griffis (1992) recommended that the contractor’s business behaviour could be
described by his workload diagram. This diagram represents the contractor’s
cumulative work load in terms of dollar volume against time. Griffis developed a
model to improve the probability of winning in the competitive bidding problem. In
his model, he only considered a competitor’s volume of work in hand as a risk

element and the assumptions underlying his model have not been proven.

loannou and Leu (1993) presented a competitive bidding model for the average-bid
method. The winner based on the average- bid method 1s the contractor whose bid
satisfies a certain relationship with the average of all bid prices. The average bid
method presented in this was mainly based on the theory that the winner might be the
contractor whose price 1s closest to arithmetic average of all submitted bids. By
analysing the bid process both mathematically and through Monte Carlo Simulation,

it was demonstrated that this method does not promote price competition between

contractors.

Quantitative methods to determine the bid mark-up based on multiple criteria has
been the subject of research by a number of investigators. Dozzi and AbouRizk
(1996) developed a utility theory based model for the determination of the markup
values for construction projects. They used a firm’s past markup values to determine
a recommended bid markup. The advantages of a utility-based model are that the
decision maker’s attitude to risk is explicitly taken into account in the development of
the marginal utility functions. They assert that their model could be successfully used

to determine the bid markup for a construction project considering all types of

bidding criteria.

Li and Love (1999) presented an approach for estimating a contractor’s mark-up
percentage for a construction project. They developed a computer-based mark-up
decision support system called InMes (Integrated Mark-up estimation system) by
integrating both a rule-based expert system and an artificial neural network (ANN)

based expert system. The developed system was then tested using cost data obtained
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from a contractor’s successful bids in order to select the expected mark-up tor a
project. They concluded that the use of this system can assist the contractor in making

mark-up decisions and moreover it can provide the user with an understanding of why

and how the suggested mark-up was derived.
Both quantitative approaches mentioned above can not be applied in practice by

contractors. This is due to the fact that building the utility function which i1s the main

concept underlying the utility theory is complicated. On the other hand, the artificial

neural network is hard to interpret.
2.7 Fuzzy Sets Theory:

The main concept of Fuzzy set theory where a set refers to a group of elements that
share some characteristics is the membership function. This represents numerically
the degree by which an element belongs to a set. Fuzziness represents situations

where membership in sets cannot be defined on a yes/no basis because the boundaries

of sets are vague, (Zadeh 1965). According to the membership value, Fuzzy set

theory can be divided as follows:

a2 Classical or Ordinary Set Theory: where there 1s a clear distinction between the
members and non-members that belong to a set. Therefore, the membership value

of the elements in such a situation is either 1 for members or O for non-members.

a Fuzzy Set Theory: where the membership value can be any real value between 0

and 1, and this value represents the degree of membership of an element
belonging to a given set. The higher the membership value, the more the element

belongs to the Fuzzy set. In notations, this can be represented as:

L

F = {(a) U (a))): w e L, () e [0,1]}
Where,

Q) is a universal or reference space consisting of @, points,



L

M (w) is the degree of membership of @ in the set F .

2.7.1 Operations in Fuzzy Sets Theory:

There are three basic operations in fuzzy set theory, the union of two fuzzy subsets of
the same universe of discourse, the intersection of two fuzzy subsets of the same

universe of discourse and the complement of a fuzzy subset.

2 The union of two fuzzy subsets A and B 1s denoted by 4 B and 1s defined by:

i (a))= max(,uj (a)), M (a))) 1.e. the set of all elements, which are members of

A or B, or both.

a2 The intersection of two fuzzy subsets A and B i1s denoted by 4~ B and defined

by: u- (w)= min(,u - (@), 1 . (a))), the set of all elements, which are members of

both A and B.

)

3 The complement of A is denoted by A4 ¢ andisdetfinedby: py, =1-u.

2.7.2 Determination of Membership Values:

The determination of membership values of elements that belong to a fuzzy set is a
fundamental task in fuzzy set theory. Klir and Yuan (19935) identified both direct and

indirect methods to establish these values.

2 In the direct approach, experts are expected to submit individual assessments on
the degree to which elements belong to a set. By carrying out a certain calibration
procedure, this raw data will become numerical numbers which represent the

membership values.
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a In the indirect approach, experts are requested to submit an assessment of a
certain property which is related to the degree of belonging. A common property

is the comparison of the degree of belonging between any two elements.

Thole, Zimmermann and Zysno (1979), argued that direct measurement should only
be accepted if human errors are unlikely to occur or to keep errors within reasonable

tolerances, while the indirect measurement usually requires many judgments from the

experts. They suggested a combination of both types of methods as the most

appropriate technique to determine membership values.

2.7.3 [Establishing Fuzzy Membership Functions

The membership function of a fuzzy set can be described and divided mathematically

by means of Left (L) and Right (R) functions (Dubois and Prade 1980, Dong, Shah
and Wong 1985). As an example of the L-R functions, let Q be a fuzzy number, then

the membership functions can be denoted by:

Membership Function of Fuzzy Number Q

,u(Q)=1—(q;Q), Where g-0<Q<gq 1 -
-~

#(Q)=l—(*Q;Q), Where g<0<q+y ‘%0-5
E
1(0)=0 Otherwise >

0

o I Y Q
q
2.8 Applications of Fuzzy Sets:

Researchers did not give much attention to Fuzzy sets approach in the past, but

recently there has been a rapid growth in the number of papers concerning the

applications of this method. Guiffrida and Nagi (2004) presented a survey of the
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application of fuzzy set theory in production management. The literature review
provided in their paper consisted of 73 journal articles and nine books. Furthermore. a

classification of the literature based on the application of fuzzy set theory to

production management was also identitied.

Wang (2002) used fuzzy set theory to select and measure the quality of the product
design concept; where a product concept is a description of the technology, working
principles and form of the product. An outpatient syringes-design was illustrated in
this study as example of concept selection method. Ease of handling, ease of use,
readability of setting, doses metering accuracy, durability, ease of manufacture and
portability were the criterion considered in this study. He concluded that this
approach could provide additional information to help designers in the process of
selection of design concepts. Friedlob and Schleiter (1999) described ditterent types

of uncertainty using fuzzy logic. They presented an example tor accounting control,

variance causes and effective analytics.

There have been a number of attempts to utilize fuzzy sets theory within the
construction and risk management field. Tah and Carr (2000) presented on cause and
effect diagrams the relationships between risk factors, risk, and their consequences.
By using fuzzy estimates they presented a methodology for evaluating the risk
exposure, considering the consequences in terms of cost, time, quality and safety

performance measures of a project. Further research is taking place on the best way to

implement such a system in practice.

To assist the client, Wong and So (1995) constructed a model for a contract (such as
lump sum or management contract) decision-making in Hong Kong using fuzzy set

theory. In this study, the scale of the project, the nature of the works to be carried out,

the characteristics of the client, the time constraint, the source of materials for
construction and the characteristics of the building design were considered as the

factors determining the contract choice. They exemplify the model with two



illustrative cases. They illustrated that the developed model was consistent with the

experts’ rules of experience as well as the contract choice in their examples.

Wong, et al (2000) applied multi-attribute utility theory and tuzzy modeling to the
selection of construction projects; where the client has to decide which project to
develop among a number of proposed projects. The net present value (NPV), the
number of new jobs created, the number of employees from minority groups. the
number of additional staff to owner’s management team and the prestige of the

agency were considered as attributes for evaluation. They recommended this method

in the case of projects having close utility ratings.

Ng, et al (2002) conducted a study in Australia with the aim of establishing a tuzzy
membership function of procurement selection criteria. They considered speed,
complexity, flexibility, responsibility, quality level, risk allocation and price
competition as the procurement selection criterion and derived the fuzzy membership
function for each of them. These membership functions provided useful information

on how experts could make the procurement decision th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>