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Abstract

Prequalification is an essential process in developing the construction industry in Gaza
Strip. In the prequalification process, the clients save the time, efforts by selecting
competent contractors to implement their projects upon their requirements as well as

protecting contractors from being awarded work they are incapable of doing it.

Most of the implementing agencies in Gaza Strip depend on the Palestinian Contractors
Union (PCU) classification and consider it as a prequalification process. Some agencies
adopt specific levels of classification; other has a short list classification of prequalified
contractors. However, these procedures have not prevented the continuous failure of firms

to complete the projects and achieve the client's goals.

This study aims at investigating the existing prequalification practices in Gaza Strip,
setting prequalification criteria, applying the Analytical Hierarchy Process (AHP) to
determine its weights, conducting case study by AHP, and developing computerized

software based on AHP.

This research has been conducted through literature review of the topics related to
prequalification process, followed by a field survey. The field survey consisted of two
questionnaires. In the first questionnaire, eighty managers, experts, and engineers were
asked to fill in the questionnaire that covers topics related to the prequalification of the
contractors in Gaza Strip. In the second questionnaire, a group of experts was asked to fill
in the questionnaire that based on AHP to determine the weights of the prequalification

criteria and subcriteria.

The results indicated that PCU classification is significant for most implementing
agencies in Gaza Strip. In addition, the results showed the high importance of the adopted
prequalification criteria of the contractors. Based on AHP, it was found that the financial
stability of the company is the most important criterion with respect to its weight.
Moreover, technical ability, past performance, management capability, experience and
reputation of the company have considerable weights. On the other hand, claims and
contractual disputes, health and safety procedures and current workload of the company
have relatively low weights. The study also showed that AHP approach is an effective
and flexible tool to determine the weights of prequalification criteria as well as the

selection of the competent contractors in the prequalification phase.
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CHAPTER ONE
INTRODUCTION

The purpose of this chapter is to introduce the research contents. The concept of
prequalification of contractors is briefly discussed. The statement of the problem and the
purpose of this research are outlined.

1.1 Background

Prequalification is a process in which the contractors are evaluated by the client or their
agent, prior to tender process. Prequalification process is different from the post-
qualification in which the client evaluated the contractor following the tender process.
Hence, in prequalification process the client save the time and efforts by selecting
competent and acknowledged contractors to implement the project upon his

requirement.

Prequalification is a process that involves the screening of construction contractors by
clients or their representatives, according to a predetermined set of criteria considered
essential for the success of the project completion. It was found that that the contractors'
work experience and the official requirement are the most frequently used criteria in
evaluation and selection. On the other hand, the available resources in terms of personnel,
plant, and equipment; financial stability; management capabilities; and organization
structure are used with less frequency (Bubshait and Al-Gobali, 1996). Pre-qualification
is the process that compares the key contractor-organizational criteria among a group of
contractors desirous to tender. Such criteria can be past performance, past experience, and
financial stability (Cheng and Li, 2004).

The local practices in Gaza Strip present that failures have inflicted a considerable
number of contracting companies during the past few years. Moreover, the recent studies
in project management practices, factors affecting contractors cost estimating and reasons
of contractor's failure concluded that there is a critical problem in the contractor's
prequalification and classification applied by the different clients in Gaza Strip and West
Bank. Accordingly, it was recommended that there is a need to apply a modified approach
for contractor’s prequalification (El Sawalhi et al., 2007).
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In the absence of direct links between client goals and contractor selection criteria in
current evaluation procedures, it is assumed that, if contractors comply with the selection
criteria, they will automatically be capable of meeting the client's goals. Similarly, the
current evaluation procedures also assume that any trade-offs that are made between
criteria measures (e.g., where some doubt over a contractor's financial position is
compensated by a superior technical capability) will be equally valid in terms of the time,

cost, quality etc goals affected (Hatush and Skitmore, 1997a).

The prequalification of contractors to select a suitable and capable contractor for a
construction project is not an easy task but it will provides an opportunity to assess
contractors’ eligibility prior to bidding. In fact, each construction firm has his own
strengths and weaknesses, and it is careful for clients to implement an evaluation of these
in advance. The prequalification process is aimed at selecting a limited number of
contractors who are each financially and technically capable of carrying out and
completing the contract work satisfactorily and with whom the client could enter into a
contract (Ng et al., 1999). Fong and Choi (2000) stated that the selection of a capable
construction contractor is one of the most important tasks faced by a construction client
who wishes to achieve successful project outcomes. Often this task is challenging,

because the construction industry is volatile and competitive.

Contractors play a major part in any construction project and hence contractor selection
constitutes a critical decision for any client/client's representative. The relative
complexity and adversity of the construction industry aggravate the various risks and
uncertainties faced by contractors, which influence their ultimate performance levels.
Clients, in turn, risk shortfalls in meeting their goals and objectives through contractor
failures on various performance aspects such as cost, time, and quality. Contractor
prequalification is generally preferred by clients to minimize the previously mentioned
risks and failures and to enhance the performance levels of selected contractors by means
of establishing minimal capacities below which contractors will not be considered
(Palaneeswaran and Kumaraswamy, 2001).

The contractor selection process comprises five common process components, for all
kinds of procurement arrangement. These are project-packaging, invitation,
prequalification, short-listing and bid evaluation (Hatush and Skitmore, 1997b).

Prequalification is a pre-tender process used to investigate and evaluate the capabilities of
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contractors to execute a contract satisfactorily if it is awarded to them, and has been
examined by several researchers. It provides a client with a standing list of potential
contractors to invite to tender for similar types of project on a regular basis (Hatush and
Skitmore, 1997a).

1.2 Problem Statement

Most of the implementing agencies in the construction industry in Gaza Strip,
governmental and non-governmental, depend on the contractors' classification that has
been adopted by the National Committee of Contractors' Classification (NCCC) and
consider this classification as a prequalification process. The National Committee of
Contractors' Classification adopted five levels for contractors’ classification. On the other
hand, some agencies adopted specific levels of classification taking into consideration
NCCC Classification; other has a short list classification of prequalified contractors based
on specific criteria provided that the contractors classified by NCCC. However, these
adopted procedures have not prevented the continuous failure of firms to complete the
projects and achieve the client's goals (El-Sawalhi, 2007Db).

It is clear that there is an absence of standardization among clients/owners regarding the
issues related to the prequalification process. Therefore, there is significant need to
specify prequalification criteria upon its significance to the clients' goal and set its weight
upon clear and reasonable basis and procedures instead of judgment and intuition.

For that purpose, the researcher will investigate the prequalification practices in order to
set the most important and fit prequalification criteria. Then, the analytical hierarchy
process (AHP) will be used to determine the weights of the adopted criteria for different
sectors such as housing, sewage, water, and road works projects. Practical and flexible
software based on AHP will be developed to facilitate the prequalification process and

achieve the clients' goals.

1.3 Research aim

This thesis intends to improve the prequalification practices in Gaza Strip by adopting the

AHP approach to achieve clients' goals.
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1.4 Resear ch objectives

The specific objectives of this research are:

1. Investigate the local practice of the prequalification process in Gaza Strip.

2. Determine the most efficient and important criteria in the prequalification
process.

3. Determine the weights of the prequalification criteria for housing, sewage,

water, and road works projects by using AHP.
4. Conduct a case study by using AHP.
5. Develop practical and flexible software based on AHP in order to assist

clients in the prequalification process.

1.5 Resear ch M ethodology

Stage 1: Literature Review

The research reviewed the relevant literature regarding the prequalification of contractors
with respect to prequalification criteria in order to select the eligible contractor through
financial stability, experience, managerial skills, past performance, workload, technical
ability, safety, and dispute record. Moreover, there will be review for the most used
models in the prequalification processes as well as the general prequalification practices
around the world.

Stage 2: Structured Interview and Pilot Study

A structured questionnaire with experts in the field of the prequalification practices was
conducted. Those experts included project's managers and professionals experienced in
prequalification and bid evaluation. This pilot study was the advance phase to develop the
final form of questionnaire. In this phase of the pilot study, there was some an
amendment, modifications, omission, addition or developments of the questionnaire to be

ready for the final phase of distribution.

Stage 3: Final Questionnaire Preparation

After the development of all factors that based on the structured interview and pilot
studies, the first questionnaire was distributed among the governmental and non-
governmental implementing agencies in this field in order to obtain their perspectives
regarding the important prequalification criteria that influence the overall process. Then, a
second questionnaire was developed upon the results of the first questionnaire to
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determine the weights of the prequalification criteria that essential for all the sides
working in the construction field in Gaza Strip.

Target Group: The study focuses on project's managers and professionals experienced in
prequalification and bid evaluation in the governmental and non-governmental

implementing agencies in the field of the construction in Gaza Strip.

Stage 4: Analysis of Results

. Regarding the first questionnaire, the researcher used Excel software to
determine the important and significant criteria that has great impact on
the prequalification process.

" Regarding the second questionnaire, the weight of the prequalification

criteria was calculated by using AHP approach.

Stage 5: Case Study

An actual case study of real problem in the field of prequalification was used to compare
between the traditional process and AHP application to view the importance of the

application of AHP in construction.

Stage 5: Software

Practical software based on AHP was developed in order to assist clients in the

prequalification process.

Stage 6: Conclusion and Recommendations

This phase involved writing up conclusions and suggesting recommendations and

recommendations for further studies.

1.6 Thesis Contents

This thesis consists of six chapters as follow:

Chapter 1: Presents a general introduction to the subject matter of the thesis.

Chapter 2: Presents a literature review for topics related to contractors' prequalification.
Chapter 3: The questionnaire design, pilot study, and method of analysis are presented.
Chapter 4: Presents the results achieved, their analysis, and discussion.

Chapter 5: Presents case study.

Chapter 6: Presents software based on AHP.

Chapter 7: Presents conclusions and recommendations for further studies.
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CHAPTER TWO
LITERATURE REVIEW

2.1 Introduction

This chapter focuses on subjects that are available in literature and related to the
prequalification process. The main topics that are included in the chapter are contractors’
prequalification, prequalification criteria, prequalification models, prequalification

practices around the world, and Analytic Hierarchy Process.

2.2 Contractors Prequalification

Prequalification is a screening process applied to contractors before tendering to decrease
and avoid the risk of project failure. The largest parts of prequalification models apply
some form of a weighted scoring system in which the contractors are scored upon
weighted criteria that are finally summed to give a single value. The problems inherent in
this decision-making procedure are the biases and additive assumptions established in the
development of the weights and the evaluation process (McCabe et al., 2005).
Sonmez et al. (2002) highlighted that the contractor prequalification process is a
typical multiple criteria decision-making problem that includes both quantitative
and qualitative criteria. In case of facing such problems, a decision maker may
need to provide uncertain, incomplete, or imprecise assessments due to a lack of
information, time pressure and/or shortcomings in expertise. A multiple criteria
decision-making method is then needed in order to deal with such assessments as

well as for the meaningful and robust aggregation.

Hatush and Skitmore (1997b) stated that the contractor selection is one of the key
decisions made by the clients. In order to guarantee that the project can be completed
successfully, the client must select the most appropriate contractor. This involves a
procurement system that consists of five common process elements: project packaging,
invitation, prequalification, short-listing, and bid evaluation.

Contractor prequalification is a process to evaluate candidate contractors’ ability to
complete a contract satisfactorily before they are admitted into the bidding process. The
current practice of prequalification is that, by exercising the accumulated experience and

judgment in assessing a given set of criteria, such as reputation, past performance,
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financial stability, current workload, firm’s resource capacity, experience records, and
technical expertise, decision-makers draw a conclusion regarding the qualification or
disqualification of each contractor. The uncertainty, non-linearity, imprecision,
subjectiveness, and the lack of experience and knowledge within the process make the
task challenging (Lam et al., 2000).

Khosrowshahi (1999) defined the prequalification as a screening process whereby a
number of contractors are selected, by the client/owner, to prepare a bid for a particular
project. For any given project, this is a highly significant decision for the client: the
ability to optimize the short listing from a larger number of potential contractors can be as
important as the final selection of the right bidder. Therefore, an understanding of the
client’s decision-making behavior during the prequalification process can provide the
contractor with the edge required to overcome competitors, or at least to improve their
opportunities of doing so by increasing their chances of prequalifying. It is only at this

stage that the opportunity can be converted into a contract.

Mills and Skitmore (1999) pointed that the prequalification of contractors is interested in
assessing the opportunity of contractors to match client and project requirements. This
requires great efforts by contractors in providing what is often similar information but in
different formats. Comparing the different attitudes of both prequalifiers and contractors
to prequalification criteria, it was found a divergent opinion on the significance and value
of the used criteria. Contractors are partial stakeholders in the process and are expected to

have some say in the type of criteria used.

Lam et al. (2005) stated that the contractor prequalification could be considered as a
complicated, two-group, non-linear classification problem. It involves a variety of
subjective and uncertain information obtained from various parties such as contractors,
prequalifiers, and project teams. Non-linearity, uncertainty, and subjectivity are the three
predominant features of the contractor prequalification process. This makes the process
more of an art than a scientific evaluation. In addition to non-linearity, uncertainty, and
subjectivity, contractor prequalification is further complicated by the large number of
contractor prequalification criteria used in current practice and the multicollinearity

existing between contractors attributes.
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2.3 Prequalification vs. Postqualification

Bennett (2003) defined the prequalification as the process in which the clients limit the
number of contractors allowed to submit bids on a project; some clients require that
contractors be pre-qualified. The contractors must submit information regarding their
experiences, competences and financial conditions, after which the client/owner decides
whether they are qualified. A properly designed prequalification process should:
= Ascertain that the contractor and major subcontractors, vendors, and material
supplier will be competent, responsible, and experienced with adequate resources
to complete the job.
= Eliminate contractors with limited financial resources, overextended
commitments, and/or inadequate or overly inexperience organizations.

= Maximize competition among qualified contractors.

Postqualification approach is another option. If a contactor is the apparent low tenderer
for a project, it will then be asked to submit information proving their qualification. The
disadvantages of this approach include the potential for wasted effort throughout the
tendering process, if the low bidder is found not to be qualified, and the prospect of the
favoritism in rejecting the low bidder by claiming unjustly that it is not qualified.
However, owners have the right to choose responsive and responsible tenders, according
to all well written contract documents, so there is always the chance for claims of
unfairness when the owner decides whether the contractor’s tender is responsible
(Bennett, 2003).

2.4 Periodic Prequalification vs. Project Prequalification

Periodic prequalification domains are mostly related to public and utility clients
and characterized by small and medium sized projects. The qualification process
is based on overall appropriateness of contractors rather than their ability to meet
the specified requirements of a particular project. Furthermore, the data required
in the periodic prequalification are relevant to historical data rather than current
data. This means periodic prequalification is more concerned with contractors’
capability in terms of their financial and technical experience and performance

in certain periods of time (Mangitung and Emsley, 2002).
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On the other hand, project prequalification is carried out to develop a list for a particular
project, on a project-by-project basis, before invitation to bid, which is related to a certain
level of contractor capacity and to meet project specific requirements or objectives. In
other words, project prequalification is more concerned with contractors’ current data in
respect of workload, financial position and remaining resources (Mangitung and Emsley,
2002). Hatush and Skitmore (1997a) mentioned that the bid evaluation occurs at the post-
tender stage, and involves the consideration of the bid amount in addition to the
contractors’ capabilities.

2.5 Prequalification Criteria

Ng and Skitmore (2001) stated that the research on prequalification criteria to date
focused solely on the benefits to the client, and it has ignored one of the most
fundamental purposes of prequalification, i.e., to reduce the cost of bidding. Hence, they
suggested that prequalification of the contractors should be based on decision criteria that
have important benefits to the decision process but with minimal costs to those involved.
Selecting a construction contractor is one of main decisions, which may influence the
progress, and success of any construction project. Contractor prequalification is a
commonly used process for identifying a qualified, sound, and reliable construction
contractor. A general prequalification exercise is carried out to identify an appropriate
contractor from the applicants and to evaluate and score them according to their economic
and technical aspects, quality standards, past performance and other characteristics
(Banaitiene and Banaitis, 2006).

Palaneeswaran and Kumaraswamy (2001) argued that a general prequalification system is
performed to identify eligible contractors from a group of interested applicants. In
addition to classify them according to their technical and financial capacity,
organizational and managerial expertise, track records in terms of past performance,
occupational health and safety, environmental concerns, and even at times on their

attitudes towards claims.

Most clients wish their projects realized at the cheapest price possible, not minding the
consequence on the project life and the real cost to the contractor. However, the empirical
studies showed the relationship between performance of construction projects based on

utility derived and the capability of the contractors selected. Therefore, a firm relationship

www.manaraa.com



was discovered between performance of construction projects and capability of
contractors through prequalification, using criteria like general information about
contractors, performance record, technical capability, financial capability, management
capability and health and safety management (Alfred, 2006).

Hatush and Skitmore (1997b) interested in identifying universal criteria for
prequalification and bid evaluation, and the means by which different emphases can be
accommodated to meet the requirements of clients and projects. The information,
assessment, and evaluation strategies currently used by procurers for screening
contractors are taken into consideration. The findings showed that the most common
criteria considered by procurers during the prequalification and bid process are those
pertaining to financial soundness, technical ability, management capability, and the health
and safety performance of contractors. Ng and Skitmore (2000) pointed that the
successful implementation of a construction project depends to a significant extent on the
competence of the main contractor. Contractor selection is therefore a decisive aspect of
the construction procurement process as different contractors have different levels of
financial, technical, and managerial capabilities.

Hatush and Skitmore (1997c¢) conducted a study examining the perceived relationship
among 20 contractor selection criteria and project success factors (PSFs) in terms of time,
cost, and quality. Their study suggested that past failure, financial status, financial
stability, credit rating, experience, ability, management personnel, and management
knowledge are perceived to be the dominant contractor selection criteria affecting all
three PSFs (Palaneeswaran and Kumaraswamy, 2001). Tan et al. (2007) mentioned a list
of competitiveness indicators for evaluating contractor competitiveness with reference to
Hong Kong construction industry. Contractor key competitiveness indicators adopted in
the local practice are classified as indicators measuring corporate image; technical ability;

financing ability; marketing ability; management skills; and human resources strength.

Lam et al. (2005) stated that there are three main contributing factors that lead to a large
number of contractors prequalification and selection criteria being used including (1) the
common desire for project success; (2) the variability of the pre-qualifiers’ training,
background and experience; and (3) the diversity of project requirements. Furthermore,
the existence of strong inter-correlations among contractor attributes has been observed
by some researchers.

10
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Selecting the best main contractor is a complex decision process for construction clients.
It demands a large number of criteria to be simultaneously measured and evaluated.
Decision makers, therefore, very often need to think hard, and devote much time and
effort to such business problems. This is even more so where subjective criteria have to
be considered. In such cases, it would be helpful if a systematic procedure were available

to deal with this subjective decision making complexity (Sonmez et al., 2001).

Palaneeswaran and Kumaraswamy (2000) proposed the assessment of tenderers based on
ten key pre-selection criteria. They are finance, human resources, organization and
management, project specific requirements, past experience, past performance
technology, quality system, health and safety system, and equipment. Ng and Skitmore
(2000) identified nine decision criteria. These decision criteria are (1) financial stability,
(2) quality assurance, (3) health and safety, (4) failed contracts, (5) previous debarment,

(6) credit rating, (7) size of project, (8) fraudulent activity, and (9) capacity of work.

Wong et al. (2001) identified thirty-seven project-specific criteria attributed to these nine
categories for building and civil engineering works, respectively. The proposed criteria
categories were, namely manpower resources; plant and equipment resources; project
management capabilities; geographical location knowledge; location of home office;
contractor's capacity; project execution capabilities to the proposed project; technical-
economic analysis; and other relevant project-specific criteria for particular types of

work.

Bubshait and Al-Gobali (1996) presented their findings in four categories depending on
their level of significance. The first category includes the contractor's experience and
financial stability. The second category includes past performance, quality performance,
project management capabilities, contractor failure record, management staff availability,
and the contractors capacity. The third category includes contractor organization,
workforce availability, equipment recourses, references, amount of work performed
earlier, and current workload. The fourth category includes geographical experience in
project location and the location of home office.

Al-Dughaither (2006) stated that the project success is the goal of any client. To increase
the chance of achieving this goal, it is usual to introduce a procedure to guarantee that

only experienced and competitive contractors are permitted to undertake the project in

11
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question. This procedure involves investigating of the contractor’s managerial, financial,
and technical capabilities and his experience on similar projects through an integrative
assessment of the organization. This investigational process is known as contractor

prequalification.

Al-Ghobali (1994) surveyed the Saudi construction market and listed a number of factors
against which contractors should be taken into consideration for prequalification. This
included experience, financial stability, past performance, current workload, management
staff, manpower resources availability, contractor organization, familiarity with the
project's geographic location, project management capabilities, quality assurance and
control, previous failure to complete a contract, equipment resources, purchase expertise
and material handling, safety consciousness, claim attitude, planning/scheduling and cost

control, and equipment repairing and maintenance yard facilities.

Ng et al (1999) examined the divergence of prequalifiers in the selection of
prequalification criteria for the process of contractor prequalification. It is possible, for
instance, that civil engineers may be more interested in contractors' technical and
managerial capabilities, while quantity surveyors may focus on their financial soundness

instead.

The prequalification criteria providing the most to the differences are process of
procurement, size of project, standard of quality, financial stability, project's complexity,
claim, and contractual dispute and length of time in business (Ng et al., 1999). Egemen
and Mohamed (2005) found that contracting organizations have been concentrating on
three main criteria for satisfying clients. These are completing the work with a specified

quality, within budget and time.

Palaneeswaran et al. (2003) highlighted that the pre-bid contractor selection tasks such as
certification, prequalification, short listing to an optimum number of bidders are
potentially significant in contributing the ultimate best value. In such pre-bid selection
exercise, the contractor's capacities for best delivery could be ensured by assessing
promissory factors such as past experience in similar projects; past performance; financial
strengths; human resources; equipment resources; technology bases; claims/dispute

history; and track records in legal, environmental, safety and health aspects.

12
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Mahdi et al. (2002) identified 127 decision factors in their survey for the evaluation of
contractors grouped under five categories, namely (a) experience, (b) past performance,
(c) financial stability, (d) current capabilities, and (e) work strategy. The decision criteria
thus derived as follows:
= Experience record: This group of criteria is represented in terms of (1) number of
years working on similar projects and in construction generally, (2) total work
volume on similar projects and in construction generally, (3) average work
volume on similar projects and in construction generally, (4) working with
different contract types, (5) working in similar geographical conditions, and (6)
working in similar weather conditions in similar projects.
= Past performance record: This group of criteria helps to assess how the contractor
has met the defined objectives in (a) previous projects, and (b) in similar projects,
in terms of (1) cost, (2) quality of work, (3) schedule, (4) safety, (5) client
satisfaction, (6) relationship with sub-contractors, (7) relationship with suppliers
and (8) relationship with insurance companies.
= Financial stability of the contractor: A bidder's financial longevity and his/her
capacity to meet financial obligations, both short-term and long-term, as well as
the financial reporting practices represented by: (1) contractor's credit level or
payment record to his/her creditors, such as suppliers and subcontractors, (2)
quality of financial statements, (3) adequacy of banking arrangements, (4)
liquidity ratio, (5) operations ratio, and (6) leverage ratio.
= Current capabilities: Assessment of a contractor's capabilities to perform the
proposed project involves the assessment of (1) contractor capacity, (2)
management ability/adaptability/co-ordination and (3) current resources/
workloads.
= Contractor work strategy: The adaptability of method statement and submitted
plans by a contractor are assessed compared with the specific conditions of the
proposed project based on factors such as (1) cash flow, (2) manpower schedule,
(3) procurement schedule, (4) equipment schedule, (5) quality assurance and
control plan, (6) safety plan, (7) organizational structure/qualifications of the staff

and (8) type of work sub-contracted.
Lam et al. (2000) identified nine main criteria for contractor prequalification, namely (a)

financial stability, (b) management capabilities, (c) health and safety, (d) reputation, (e)

13
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standard of equality, (f) relationship, (g) claims and contractual disputes, (h) technical
ability and (i) project-specific criteria. Table 2.1 shows the main and sub-criteria that
utilized in Lam et al. (2000) study.

Hatush & Skitmore (1997a) highlighted five areas where information relating to the
contractor should be collected for both prequalification and bid evaluation. These are
financial, technical, managerial, health and safety, and reputation. These areas are not
definitive, as other researchers have focused on other areas. Table 2.2 shows the main and
sub-criteria and their weights adopted by Hatush & Skitmore (1997a).

El-Sawalhi (2007a) established general prequalification criteria that were collected from
previous published works by several researchers. However, only the criterion that was
recommended by three or more authors was adopted to be included in the research. Some
other criteria were added which found of importance to the prequalification process.

Table 2.3 illustrates these prequalification criteria.

Table2.1: Thedecision criteria (Lam et al., 2000)

Main Criteria Sub-criteria

Financial stability . Financial soundness
. Credit rating

. Financial status

Management capabilities . Head office organization
. Past performance and quality
. Management Knowledge

. Experience of technical personnel

Health and safety . Health and safety standards

. Occupational safety and health administration
. incidence rate

Reputation . Past failures

Standard of quality . Adherence to specification

Relationship . Relationship with client's representative,

. Design team and subcontractors

Claimsand contractual disputes _ Amount of claims

Technical ability . Experience

. Quality of management team

RPN RPN RRPRPlONMNRP[MONR| W NP

Proj ect—specific criteria . Whether or not the contractor has experience with

this type of project
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Table 2.2: Prequalification criteria and itsweights (Hatush and Skitmor e, 1997a)

Criteria Subcriteria Weight
Einancial 1. Finar?cial 'stability 0.05175
Soundness 2. Credit rating 0.04100

3. Banking arrangements and bonding 0.04575

4. Financial status 0.06650

1. Experience 0.07250

Technical 2. Plant and Equipment 0.03625
Ability 3. Personnel 0.07875
4. Ability 0.07500

1. Past performance and quality 0.044375

Management | 2. Project management organization 0.040625
Capability | 3. Experience of technical personnel 0.046250
4. Management Knowledge 0.043750

1. Safety 0.018875

Health and | 2. Experience Modification Rating 0.016875
Safety 3. Occupational Safety and Health Administration rate 0.014500

4. Management safety accountability 0.019750

1. Past failures 0.068125

Reputation | 2. Length of time in business 0.085000
3. Past client/contractor relationship 0.086250

4. Other Relationships 0.048125
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Table 2.3: Prequalification criteria adopted by El-Sawalhi (2007a)

Group

Attribute

Financial stability

Credit rating
Turnover

Bank arrangement
Debit ratio
Liquidity
Profitability

Experience of staff

Management capability

M anagement Qualification of staff
and Past performance
technical ability Quality performance
Company organization
Innovate method
Type of projects
Size of projects
_ Number of projects
Experience

Experience in the region

Length of time in business

Historical non-performance

Company image
Skilled manpower
Client satisfaction
Record of failure

Claims and litigation

Resour ces

Equipment
Number of staff

Quality

Quality control

Quality policy
Quality assurance

Health and safety

1.
2
3
4
5
6
1
2
3
4
5
6
7
1
2
3.
4
5
1
2
3
4
5
1
2
1
2
3
1
2
3

Safety performance
Accountability

Injury and illness
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Ng and Skitmore (2001) presented the major findings of previous studies in

prequalification criteria as shown in Figure 2.1.

Identification of decision criteria and their importance based on client’s benefits

Russell &
Skibniewski (1988)
(1) Reference,
reputation & past
ormance, (2)
inancial stability,
3) itatus of l:l.l.ng;‘l}t
work programs
techml;al expertise,
and (5) project
specific criteria

Holt et al (1994) Liston (1994) & Skitmore
Contractor’s Past performance, {
organization, business location, ocation, technical
financial capacity, financial, and managenal
considerations, resources, expertise, type &
management procedures and size of contract,
resource, past quality assurance contractor’s current
experience and past workload, previous
performance job experience, and
management
resources

Difference in
perceptions

Ng (1996)
Contractors’ perception
on the importance of
criteria was positively
correlated with their
clients

Development of universal criteria
Holt et al (1994)

1996)
Hm:shang kmmre (1997)

All clients use implicitly the same type of
criteria and a set of universal criteria could be
developed

Standard Prequalification Criteria

Construction Industry Development Agency (1994)
Prequalification criteria for contractor
prequalification in Australia

Whether the prequalification
criteria used are value for money to
the clients?

No research in this subject has been done yet

Contractor’s
benefits

Charter Institute of
Building (1993)
Liston (1994)
Benefits to contractors

in prequalification
should be considered

Figure2.1: Major findings of previousresearch studies (Ng and Skitmore, 2001)

Table 2.4 shows comparison of prequalification criteria based on the pervious study of the

literature review. The researcher depended in this table on six authors as shown in the

note at the table bottom. In addition, Table 2.5 presented similar comparison conducted
by Gong 1999 (cited in McCabe et al., 2005).
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Table 2.4: Comparison of prequalification criteria based on the previous studies

Authors
Prequalification Criteria
3 4 5 6
Financial Soundnesy stability X X X X
Experience/Past Experience/Technical Experience X X X
M anagement Capability/M anagement
Resour ces/M anagement & employees Qualification X X X
Health and Safety/Safety Record X X
Reputation/I nfor mation obtained from r efer ences X
Past Perfor mance/Perfor mance Record X X X X
Suitable and sufficient resour ces/Oper ation and
Equipment/Equipment resour ces/L abor resour ces X X
Current Work L oad/Capacity of firm X X
Compliancewith Regulation
Contractor's Organization X X X
Project control procedures X
L ocation of Home office X
Geographic location of project X

Note: (1) Hatush and Skitmore (1997); (2) Mangitung and Emsley (2002); (3) Holt et al. (1994);

(4) Sonmez et al. (2002); (5) Al-Dughaither (2006); (6) Russell et al. (1992)
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Table 2.5: Comparison of prequalification criteria (Gong 1999) — source McCabe et al.,

2005.

Prequalification Criteria

Authors

4

5

Financial stability

Capacity for assuming new projects

x

Safety

<
x| x| x| ro
x| x| x| w

Type of contractor and yearsin business

Per centage of work performed

L ocation

Past performance

X | X[ X| X

X | X[ X| X| X| X| X|

M anagement

X| X| X| X| X[ X| X| X| o

Bonding

X| X[ X| X

X| X| X| X| X[ X| X| X| X| oo

Key personnel

Experience

Failure history

Equipment resources

Workforceresources

X | X[ X| X| X[ X| X| X[ X| X]| X[ X| X]| X

Annual value of work in 5years

X | X[ X| X| X[ X

Third party evaluation

Similar or related projects completed

Quality assurance and control program

References evaluation

Shareholder information

Reputation to subs, unions, suppliers

Time and budget performance

Principal projectsin 5years

Litigation history

I nsurance performance

X

Note: 1, public owner’s projects, QUALIFIER-1 (Russell and Skibniewski 1990); 2, private
owner’s projects, QUALIFIER-1 (Russell and Skibniewski 1990); 3, artificial neural network
model (Hanna et al. 1997); 4, fuzzy sets model (Elton et al. 1997); 5, Canada (CCDC-11 1996); 6,
Saudi Arabia and United Kingdom (Bubshait and Al-Gobali 1996); 7, Japan (Paulson and Aki 1980);

and 8, Australia (Liston 1994).
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2.6 Advantages and Disadvantages of Prequalification Practices

Khosrowshahi (1999) pointed that if prequalification is an important subject for the client,
then it should also be important for contractors who seek to get work, by directing their
attention and resources to qualifying features, some of which may fall under short term
programs and others need long term considerations. Furthermore, application of principal
component analysis to contractor prequalification reduce the subjectivity to some extent
on the sense that the weightings assigned for each criterion, which is required for many

contractor prequalification methods, are not crucial in this method (lam et al., 2005).

To prevent wasted effort and time in preparing and tendering bids and to avoid the
consequent escalation in bid prices, it is common practice for engineering managers to
select and invite a small number of contractors to bid for a project. Contractor
prequalification aims to reduce the cost of bidding, while keeping the benefits of pure
competition, by screening according to predetermined non-price criteria (Ng and
Skitmore, 2001).

There is a need to guarantee that the contractor prequalification process is efficient in its
costs of operation. In the past, studies of contractor prequalification have focused solely
on the benefits to clients. All decision criteria and associated contractor information took
into account relevant to contractor prequalification are suggested for inclusion in the
assessment. However, certain decision criteria may only provide limited benefits to the
client while involving clients and contractors in considerable costs in their collection,
preparation, and evaluation. Such criteria should not be included in the prequalification
process. What is desired is the use of decision criteria that significantly support the
prequalification decision while costing little to the client and contractor in their
application. In short, it is anticipated that the benefits gained from improved

prequalification decisions exceed the costs involved (Ng and Skitmore, 2001).

The prequalification system like any other system has its advantages and disadvantages
(Bennett, 2003; Palaneeswaran and Kumaraswamy, 2001). A summary of these
advantages and disadvantages are as follows:

Advantages:
= On the client's side, it helps eliminate the incompetent, insufficiently financed,

and inexperienced contractors from further consideration.
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= On the contractor's side, it works as a form of external auditing of a contractor’s
ability.

= Prequalification process benefits the owner to accomplish his goals.

= Reducing the time required to review and evaluate bids.

= |t may save the project costs by assuming the risk and eliminating or reducing the

need for surety bonds from prequalified contractors.

= Significantly accelerates evaluation and award process.

= |t controls the number of bidders.

= Protects contractors from being awarded work they are incapable of doing.

= Reduces subjectivity in selecting bidders.

= To encourage healthy competition among eligible contractors.

= To optimize the contractor selection in terms of achieving a better balance

between price and performance parameters.

Disadvantages:

= Prequalification may concern criteria that do not accurately evaluate a contractor’s
ability to complete the work successfully.

= Prequalification may be viewed as a subversion of the general competitive bidding
procedures. Prospective bidders may be disqualified based on some criteria that
could be arbitrary, contrived, or based on a purely speculative concern for
avoiding potential project difficulties.

= |t may increase project costs by eliminating competition among bidders or by
eliminating bidders who might have an innovative and cost-saving approach to
executing the work.

= Disqualified bidders may be stifled in their growth if they are eliminated from
projects in which they do not have experience even though they may be able to

perform adequately.

2.7 General Prequalification Practices around the World

Topcu (2004) conducted an extensive research on global contract selection and
prequalification practices. He stated in his findings that one of the most commonly used
procedures for selecting contractors is competitive bidding, where the lowest bidder is
awarded the contract. In addition, there are some modifications to this single objective

decision-making procedure based on lowest bid price. For instance, in France, bid prices
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that are considered abnormally low by the client are ruled out. In some countries such as
Italy, Portugal, Peru, and Korea the highest and the lowest bid prices are excluded; the
closest bid price to the average of the remaining ones is then selected. In Denmark, on the
other hand, a similar procedure is used but with the two highest and the two lowest bid
prices excluded. The point here is that modifications for selecting a qualified contractor

should be clearly defined.

Surveying the previous researches in the prequalification practices around the world
shows the different practices among the different countries and clients in the same
country. However, studying different contractor selection approaches practiced by various
clients around the globe and identifying their relative strengths and weaknesses will be

useful for any research in this filed.

2.7.1 United Kingdom (UK) Practice

Mangitung and Emsley (2002) pointed that the contractor prequalification in the UK
construction industry can be classified into two categories, that is, periodic
prequalification for developing a standing list of contractors and project prequalification
for developing a project. The main difference between both kinds is the timing of
evaluation and the detailed level of contractors’ data obtained. Periodic prequalification,
which can be used by a client for short listing or invitation to bid, is carried out for certain
periodic time frame. It has been found that standing lists of contractors in the UK were
reevaluated annually, or every 2, 3 or 5 years. Moreover, around two thirds of contractors

in the UK were re-qualified annually through periodic prequalification.

The identification of a suitable and capable contractor for a construction project is a
decisive but difficult task. Each construction company has its own strengths and
weaknesses, and it is prudent for owners to carry out an assessment of these in advance.
With open tendering, this is necessarily done at bid evaluation stage. In the United
Kingdom (UK) and many other countries, selective tendering is preferred. This gives an
opportunity to evaluate contractors’ eligibility prior to bidding. A formal evaluation made
at this time is by a process that is normally known as prequalification (Ng et al., 1999).

2.7.2 Hong Kong Practice

Palaneeswaran and Kumaraswamy (2001) examined prequalification practices in different

countries such as Hong Kong, Australia, and United States. Contractor selection
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procedure followed by the Works Departments under the Works Bureau, Hong Kong
requires that only contractors on the approved lists can tender for contracts. They are
categorized into five categories (buildings, port works, roads and drainage, site formation,
and waterworks) according to their relevant expertise and managed by the relevant Works
Departments. The lists of approved contractors are in three groups (A, B and C) based on
their capacity. There are also two status levels termed “probationary' and “confirmed' in
each group. The confirmation after probation relies on the satisfactory completion of
works with good performance records. The promotion of contractors to a higher group
depends on meeting requirements of financial criteria, appropriate technical and
management capabilities, and continuous satisfactory completion of contracts under the
present group. The lists of approved contractors are published annually, and the
amendments are published from time to time. Every department keeps separate approved
lists of contractors. The relevant Works Department manages the respective category of

contractors.

2.7.3 Australian Practice

The Queensland Government of Australia has a system for prequalification of contractors
known as Prequalification Criteria (PQC). All concerned contractors will have to be
prequalified and registered on the PQC system, which is managed by the Department of
Public Works and Housing, Queensland, Australia, to be eligible to tender for
Government building projects with a contract value of more than Australian $100,000.
Contractors are evaluated against prescribed criteria including technical capacity,
management approach, business relations, and people involvement with commitment to
continuous improvement. The PQC is designed with the aim of streamlining the process
of contractor selection by ensuring a good match between the size and complexity of

projects and the abilities of contractors (Palaneeswaran and Kumaraswamy, 2001).

2.7.4 USA Practice

There is evidence of wide efforts and research in the USA, aimed at structuring and
improving contractor prequalification. Many public clients in USA use several
prequalification ratings and these ratings are applied to identify parameters such as the
maximum dollar amount of work that can be allocated to a prequalified bidder during the
prequalification period and the maximum value of work that a contractor can bid for a
particular project. These ratings provide the basis for a more structured and dynamic
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approach, determining various bidding boundaries for prequalified contractors, as they are
not confined to any specific static band width (such as Categories 1, 2, 3 and 4 by
Services SA, Australia; or Groups A, B and C by the Works Bureau, Hong Kong).
Moreover, this approach will allow some allowance for the possibilities of dissimilar
contractor performance levels under different workloads (Palaneeswaran and

Kumaraswamy, 2001).

2.7.5 Turkish Practice

Topcu (2004) pointed that all construction project owners in Turkish public sector apply
the same contractor selection method as stated in Decree by the Ministry of Public Works
and Resettlement as published in the Official Gazette. The rules specified in the
previously mentioned Decree are based on the State Tender Law. Only those contractors
who match the mandatory requirements can use for tender. These requirements are
associated with financial status of the contractors. If the unused portion of any cash credit
and/or unused portion of a letter of credit of the contractor are less than 10% of the
project owner’s cost estimate for the project or if the contractor firm has a tax liability,
the contractor cannot use for tender.

There is a two-stage process for the choice of contractors that have passed through
mandatory requirements filter: contractor prequalification and determination of lowest
bidder among prequalified applicants. At the first stage, applicants are assessed and
scored with respect to four main prequalification criteria: ability to timely complete
projects; organizational expertise; availability of experienced technical staff; and
availability of resources. At the second stage, bid prices are considered. The differences
between the project owner’s cost estimate and the bid prices are computed. The contractor
having the highest value of such difference is awarded the contract. In other words,

lowest bidder wins the contract.

2.7.6 Saudi Practice

Saudi contractors are categorized into five grades, and non-Saudi contractors are
categorized into six grades. Categorization is based on financial recourses, experience,
workforce and equipment, and company specialization. In public work, the contractor
classification certificate is the basis for contractor prequalification. It is an essential

requirement for public projects with a bid exceeding US$ 1,300,000. However, it is rarely
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requested by semi-public and private owners since they have their own procedures
(Bubshait and Al-Gobali, 1996).

2.8 Prequalification Models

Prequalifying contractors in a construction project is not an easy task, since the process
includes comparing units with multiple criteria and qualitative information. Data
envelopment analysis, with its ability to measure the relative performance of
organizational units that have multiple inputs and outputs, has been demonstrated as a

feasible solution to the contractor prequalification problem (McCabe et al., 2005).

Ng and Smith (1998) pointed that the current practice of contractor prequalification is
characterized by the reliance on expert judgment and experiential knowledge. Previous
studies identified that the information concerning contactor's' features consists of both
quantitative and qualitative types, while the assessment methods used for assessing
qualitative information require a predictive judgment of the experts. However, they
developed a prototype decision support system based on the case-based reasoning
approach to improve and upgrade the reliability and fairness of the prequalification

process.

Russell and Skibniewski (1988) pointed that all prequalification systems have the same
basic steps: develop the criteria, gather contractor data, verify data, apply contractor data
to criteria, and decide whether to prequalify the contractor. Most of the firms and public
agencies that perform prequalification have their own model, and the continued interest in
the prequalification process by industry is reflected in the array of systems that have been
developed through research. The existing prequalification models use frameworks that

range from simple weighted scoring systems to complex mathematical formulations.

Shen et al. (2003) presented a computer-aided decision support system for assessing a
contractor’s competitiveness, particularly with reference to Chinese construction industry.
Measures of competitiveness are utilized to describe a contractor’s strengths and
weaknesses, thus to assist project clients in naming proper contractors at the
prequalification stage. The findings showed that the identification of a contractor’s
weakness can also help the contractor adopt appropriate measures to improve its
competitiveness. Based on a competitiveness scoring model, a Windows-standard

Decision Support System Contractor’s Competitiveness Assessment Scoring System was
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developed for two purposes ;namely , for contractor's self evaluation and to assist clients

in making a prequalification assessment.

Construction is a complicated process with a number of phases, which must be
appropriately adjusted and managed. The entity that commissions construction must make
different multi-aim decisions at various construction stages. Most problems encountered
during construction rely on the selected contractor. Therefore, selection of a contractor is
a very important issue in carrying out an investment project (Mitkus and Trinkuniene,
2006).

Ncube and Dean (2002) pointed that the basic principles of good decision-making are,
first, a clear understanding of the decision itself and second the availability of
appropriately focused information to support the decision. Decision-making techniques
assist with both these problems. However, the techniques should be considered as aids to
decision-making and not the replacements for it. Numerous decision-making techniques
have been suggested as effective methods of ranking software products for selection for

use as components in large-scale systems.

In practice, a contractor selection issue can be described as a two-stage process. First, a
large number of contractors are invited to tender and then a short list of contractors is
drawn based on a set of pre-determined criteria (prequalification stage). In the second
stage, a contractor is selected from the short list to execute the project (final contractor
selection stage). A contractor prequalification problem is a typical multiple criteria
decision making problem in which decision criteria are of both quantitative and

qualitative natures and the aforementioned problems do occur (Sonmez et al., 2002).

Contractor prequalification is extensively used by clients to select competent contractors
by evaluating their ability to meet specific requirements (Ng and Skitmore, 1993). One
limitation of client prequalification is that owners have limited access to certain types of
information (e.g., financial, banking, accounting) that sureties have. The information used
in contractor prequalification is therefore often qualitative, subjective and imprecise
(Russell and Skibniewski 1988). Most contractor prequalification decision-making
models are used by clients to assess and thereby minimize the risk of contractor default.
Since clients defer this risk either partly or completely to surety companies, underwriters

can benefit from these types of models when evaluating construction contractors. Models
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can be grouped based on the approach used: multi-criteria decision-support, linear,
knowledge-based, multi-attribute and utility theory, artificial neural networks, fuzzy set
theory, and various other methods (Fayek and Marsh, 2006). However, El-Sawalhi et al.
(2007a) summarized all the used models in the prequalification process based on wide

study of the previous research in this regard as follows:

= Dimensional Weighting Aggregation (DWA)

In this model, each criterion and its weight of significance are determined based on
the decision-maker’s requirements. The contractors are rated on a scale of 1-10 (1 —
“Unsatisfactory”, 10 — Excellent”), subjectively, with respect to these criteria based on
the total score, which is calculated as a weighted sum of ratings over all the criteria
using the percentages determined by the owners. All the aggregate scores are then
ranked.

This method is considered compensatory since a high score in one criterion can
compensate a low score in another criterion. To make a decision, this strategy applies
a decision rule if the candidate contractor’s score is less than or equal to a certain
minimum score, then the prequalification decision is “no” and hence, the contractor is
considered unqualified. Accordingly, just the qualified contractors are permitted to
submit their proposals. Alternatively, a subjective judgment may be used such as:

select the three highest scores to participate in the bidding process.

= Knowledge Based System (KBS)

QUALIFIER-2 is a Knowledge based system in which the decision of prequalification
is taken by the model user using the decision rules, not the computed scores. The
model depends on engineering judgment and experience. In this system, the client
evaluates the input data using heuristic decision rules that suggests prequalification
decision (If . . . then) rules. This system gives an opportunity for heuristic decision
rules to be applied for better anticipations. The limitation met in this model is the

implicit dealing with the uncertainties inherent in the heuristic knowledge.

=  Multi-Attribute Analysis (MAA)

Multi-attribute Analysis is regarded as a simple scoring model. It is a quantitative

model that facilitates the consideration of multiple attributes. Alternatives being
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evaluated may be rated against the client’s objectives. Preferences may be
incorporated by determining weights, which then combined to give the highest score
giving the optimal score.

In fact, this model is commonly used by decision-maker due to its simplicity. The
disadvantage of this model is referred to the input variable is often a very subjective
measure used by practitioners. On the other hand, the model fails to incorporate
systematic checks of the consistency regarding judgment and the uncertainty of the
contractor's data is not considered.

Fuzzy Set Prequalification

Fuzzy set theory matches human thinking in its use of approximate information and
uncertainty to make decisions. A fuzzy set can be mathematically defined as a
collection in which each element is attributed a value representing their grade of
membership in the fuzzy set. Since knowledge can be expressed in a more natural by
using fuzzy sets, many engineering and decision issues can be greatly simplified.
Fuzzy set theory carries out classes or groupings of data with boundaries that are not
sharply defined.

The advantage of this model is underlying in its ability to deal with qualitative and
quantitative data. On the other hand, there are difficulties related to the formulation of
the membership functions for prequalification criteria and the number of parameters
and the complexity of the framework. In addition, the user should have extensive

mathematical background to comprehend and run the analysis.

Program Evaluation and Review Technique (PERT )

The PERT approach is used to develop a linear model for the evaluation of contractor
data. It is regarded as a planning method that takes into account the criteria probability
of the criteria. In addition, it is used to evaluate contractor data against client goals of
time, cost, and quality. PERT model includes multiple ratings allowing the uncertainty

in contractor data to be evaluated.

The disadvantage of this model is underlying in its subjective nature of judgment on
the aspiration levels. Moreover, the model is not able to deal with the inherent non-
linear relationship between contractor’s attributes and their corresponding

prequalification decisions.
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= Analytical Hierarchy Process (AHP)

The characteristic feature of AHP technique from the other multi criteria decision-
making techniques is that it does not necessitate a tangible numerical scale of ratio and
can thus be used to the measurement of intangible criteria. The fundamental synthesis
technique is additive. It also has a consistency test for encouraging enforcement of
judgment transitivity. Moreover, AHP has been well researched and has been applied

in hundreds of areas.

=  Multi-Attribute Utility

In this model, all decisions include choosing one, from several, alternatives.
Typically, each alternative is assessed for desirability on a number of scored criteria.
What relates the criteria scores to desirability is the utility function. The most
common formulation of a multi-criteria utility function is the additive model. The
model permits different kinds of contractor capabilities to be evaluated and deals with

uncertain data incorporates the risk of the decision maker.

On the other hand, it is hard to retrieve the public client’s preference via utility
function; the decision-making process requires a long time and becomes boring if

there are numerous criteria, and demands very good knowledge of probability.

= Case-Based Reasoning (CBR)

The Case-Based Reasoning (CBR) is an artificial intelligence technology, which
solves new problems by adapting solutions that were applied to solve old problems.
Reasoning by reusing or modifying experience is a commonly applied pattern for
human problem solving. This is particularly the case when the domains are not

completely realized or when the concept is open-ended.

In short, the CBR model is a practical solution that can be produced even when
knowledge regarding a particular prequalification system is weak. In addition, the
solutions obtained from previous cases can be updated to match the current situation
through the adaptation functions provided in the system. On the other side, the model
requires input of large number of cases when initially operated which may be difficult

to achieve in practice.
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= Artificial Neural Networks (ANN)

Artificial neural networks are data-driven self-adaptive approaches in which there are
few theoretical assumptions regarding the models for problems under study. It is an
extremely parallel processor made up of simple processing units, which has a natural
tendency for storing experiential knowledge and making it available for use. The
approach used to carry out the learning process is called the learning algorithm. It has
a large number of nodes and connections. Each connection points from one node to

another and is related with a weight.

2.9 Analytic Hierarchy Process (AHP)

The Analytic Hierarchy Process (AHP) is a structured technique for dealing with complex
decisions. Rather than prescribing a "correct” decision, the AHP helps the decision

makers find the one that best suits their needs and their understanding of the problem.

The Analytic Hierarchy Process (AHP), introduced in the early 1970s by Thomas L.
Saaty is used for dealing with complex technological, economic, and socio-political
problems. This is done by simplifying and expediting the natural decision making process
(Saaty, 1980). The method utilizes pair wise comparison by breaking a complex
unstructured situation into its component parts, arranges those parts into a hierarchy,
assign numerical values to subjective judgments regarding relative importance (or
preference), and synthesize those values to determine which variable has the highest

priority and should be acted upon to influence the outcome of the situation.

The distinguishing feature of AHP technique from the other multi criteria decision-
making techniques is that it does not necessarily require a tangible numerical scale of
ratio and can thus be applied to the measurement of intangible criteria. The fundamental
synthesis technique is additive. It also has a consistency check for encouraging
enforcement of judgment transitivity. The analytic hierarchy process has been well
researched and has been applied in hundreds of areas. The process has been implemented
in the commercial software HIPRE, Criterion, and Expert Choice. An application of AHP
to contractor prequalification was carried out by Fong et al (2000) and Al-Harbi (2001).
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29.1 Basicsof AHP

In the AHP, the decision-making process starts with dividing the problem into a hierarchy
of issues, which should be considered in the work. These hierarchical orders help to
simplify the illustration of the problem and bring it to a condition, which is more easily
understood. In each hierarchical level, the weights of the elements are calculated. The
decision on the final goal is made considering the weights of criteria and alternatives
(Bahurmoz, 2006).

29.1.1 StructuringtheHierarchy

In applying the AHP to a decision problem one structures the problem in a hierarchy with
a goal at the top and then criteria (and often sub criteria at several levels, for additional
refinement) and alternatives of choice at the bottom. The criteria can be subjective or
objective depending on the means of evaluating the contribution of the elements below
them in the hierarchy. Moreover, criteria are mutually exclusive and their priority or
importance does not depend on the elements below them in the hierarchy (Bahurmoz,
2006).

In Figure 2.2, where the structure of AHP elements is illustrated, it is shown that the goal
is decided through a number of different criteria. These criteria determine the quality of
achieving the goal using any of Alternatives (A;, i=1... K). The A; is different options,
choices, or alternatives that could be used to reach the final aim of the project. Comparing
these alternatives and defining their importance over each other are done using the
pairwise comparison method. Giving importance ratios for each pair of alternatives, a

matrix of pairwise comparison ratios is obtained.

Figure2.2: Structure of the AHP
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In using the AHP, one constructs a hierarchy (consisting of goal, criteria and alternatives),
and then makes judgments (or performs measurements) on pairs of elements with respect
to a controlling element. Ratio scales are derived from these judgments and then
synthesized throughout the structure to select the best alternative (Bahurmoz, 2006).

In short, when constructing hierarchies one must include enough relevant details to
represent the problem as thoroughly as possible, but not so much as to include the whole
universe in a small decision. One need to consider the environment surrounding the
problem, identify the issues or attributes that one feels influence, contribute to the
solution, and identify the participants associated with the problem. Arranging the goals,
attributes, issues, and stakeholders in a hierarchy serves three purposes:

1. It provides an overall view of the complex relationships inherent in the situation.

2. It captures the spread of influence from the more important and general criteria to

the less important ones.
3. It permits the decision maker to assess whether he or she is comparing issues of

the same order of magnitude in weight or impact on the solution.

2.9.1.2 ThePrioritization Procedure

Elements in each level are compared pairwise with respect to their importance to an
element in the next higher level, starting at the top of the hierarchy and working down, a
number of square matrices called preference matrices are created in the process of
comparing elements at a given level. Judgments of preference are made on pairs of
elements in the structure using what Saaty defines as the fundamental scale of AHP,

which is reproduced in Table 2.6.

The fundamental scale used in AHP enables the decision maker to incorporate experience
and knowledge in an intuitive and natural way. This scale is insensitive to small changes
in a decision maker’s preference, thereby minimizing the effect of uncertainty in

evaluations.

AHP is an absolute scale in which people use numbers to express how much one element
dominates another with respect to a common criterion. The scale derived from these

absolute numbers is a ratio scale.
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The criteria might also have different importance compared to each other. Therefore, a
pairwise comparison matrix is considered for the criteria. Elements of this matrix are
pairwise or mutual importance ratios between the criteria that are decided on the basis

that how well every criterion serves and how important it is in reaching the final goal.

In order to compare homogeneous elements whose comparison falls within one unit,
decimals are used. If the elements of the pairwise comparison matrix are shown with c;;,
which indicates the importance of iy, criterion over ji, then c; could be calculated as 1/
cij (Boroushaki & Malczewski, 2008).

Table 2.6: The fundamental scale of AHP (Bahur moz, 2006)

_I ntensity of Verbal judgment of preference Explanation
importance
Two activities contribute
1 Equally preferred o
equally to the objective
2 Equally to moderately
Experience and judgment
3 Moderately preferred slightly favor one activity over
another
4 Moderately to strongly
Experience and judgment
5 Strongly preferred strongly favor one activity over
another
6 Strongly to very strongly
An activity is favored very
strongly over another; its
7 Very strongly preferred )
dominance
demonstrated in practice
8 Very strongly to extremely
The evidence favoring one
activity over another is of the
9 Extremely preferred )
highest
possible order of affirmation
If activity i has one of the above
Reciprocals nonzero numbers assigned to it when ]
) o ] A reasonable assumption
of above compared with activity j, then j has the
reciprocal value when compared with i
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AHP can be used to make relative measurements through paired comparisons of criteria
and of alternatives as discussed above, or to make rating measurements of the alternatives
with respect to the criteria. The ratings mode includes pairwise comparison of the criteria
with respect to the goal. Then rating levels, such as excellent, very good, good, average,
poor, and very poor, are specified for each criterion. Pairwise comparisons among the
rating levels of each criterion are then conducted to yield a set of priorities (weights) for
these levels. For each criterion, the rating level priorities are divided by the maximum
rating weight of that criterion to yield scaled weights. Within each criterion, each
alternative is assigned a rating level and the associated scaled weights. The final score of
an alternative is the sum of the product of the criterion weights times the scaled weight
with respect to that criterion, where the sum is taken across all the criteria (Saaty, 1996).

The ratings mode is used when the number of alternatives is large and decisions are
standardized. The only requirement for the ratings mode is having expert knowledge to be

able to compare rating levels with respect to certain criteria.

AHP has two synthesis modes: distributive and ideal. In the distributive mode, one
normalizes an alternative’s scores under each criterion so that they sum to one. This leads
to a dependency that might cause rank reversal. In the ideal mode, one divides the score
of each alternative by the score of the best alternative under each criterion, thus it
preserves rank if unimportant alternatives are added or deleted. Decision makers must
know which mode is appropriate for a particular problem. The decision maker must
decide whether to preserve rank or not, which depends on the nature of the problem.
Millet and Saaty (2000) provide the following guideline: use the distributive mode to
determine the extent to which each alternative dominates all other alternatives under the
criterion. Use the ideal mode to determine how well each alternative performs relative to
a fixed benchmark. Experiments with the two methods, however, gave different results

only eight percent of the time.

2.9.1.3 Calculating Weights

The AHP method employs different techniques to determine the final weights; two of
them are explained and used in this thesis. The first is Lambda Max (A max) technique and

the other is geometric mean.

Saaty (1980) used the lambda max technique to obtain the weights of the criteria in the

pairwise comparison _method. Every matrix has a set of eignevalues, and for every
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eignevalue, there is a corresponding eigenvector. In Saaty’s lambda max technique, a
vector of weights is defined as the normalized eigenvector corresponding to the largest
eignevalue A nax. If the weights are shown as a vector w consisted of wi (i=1...n), then the

following formula shows how they are calculated.

at which C is the pairwise comparison matrix of the criteria; w is the vector of weights

and A is the eignevalue that in this method should be the maximum of them, i.e. A max.

In this method, special mathematical conditions are required to guarantee that a unique
answer is yielded. In addition, difficulties in calculating and finding the eignevalues and
vectors have led to use of an approximation to the lambda max method. As Malczewski
(1999) used in his book an approximation of the eigenvector associated with the
maximum eignevalue is calculated through a simple procedure, which is sometimes

referred to as mean of normalized values.

29.14 Mean of Normalized Values—Lambda Max M ethod

In mean of normalized values method, which gives an approximation of lambda max
method, the sum of elements in each column in pairwise comparison matrix is calculated.
Then each column elements is divided by the calculated sum at the previous step. Then
the arithmetic average of each row of the normalized matrix gives the weight of the
corresponding criterion or alternative. The accuracy of this approximation is increased

when the pairwise comparison matrix has a low consistency ratio.

29.15 Geometric Mean Method

Another method of calculating the weights of criteria in the pairwise comparison matrix
is geometric mean method as Buckley (1985) explained, the weights in a pairwise

comparison matrix of alternatives, A, are calculated by following formula.

Wi = =
and then Wi er .................................................................................. 3)

i
at which a;; (i, j=1...n) are the comparison ratios in the pairwise comparison matrix and n

is number of alternatives.
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29.1.6 Consistency Ratiointhe AHP

A matrix "M" is called consistent matrix if and only if my .my; = m;; where the ij’th
element is element of this matrix (Buckley 1985). However, in practice it is unrealistic to
expect the decision-makers provide pairwise comparison matrices, which are exactly
consistent especially in the cases with a large number of alternatives. Expressing the real
feelings of the decision makers generally lead to matrices that are not quite consistent.
However, some matrices might violate consistency very slightly by only two or three
elements while others may have values that cannot even be called close to consistency.

A measure of how far a matrix is from consistency is performed by Consistency Ratio
(C.R.). Han and Tsay (1998) explained that having the value of A max IS required in
calculating the consistency ratio. This is obtained by calculating matrix product of the
pairwise comparison matrix and the weight vectors and then adding all elements of the
resulting vector. After that, a Consistency Index (C.1.) is introduced as:

Cl= 2 4)
n-1

at which n is the number of criteria and A max IS the biggest eignevalue (Han & Tsay 1998;
Malczewski 1999).

Random Index (R.l.) is the consistency index of a pairwise comparison matrix, which is
generated randomly. Random index depends on the number of elements, which are
compared, and as it is shown in Table 2.7; in each case for every n, the final R.I. is the
average of a large numbers of R.I. calculated for a randomly generated matrix. The final
consistency ratio is calculated by comparing the C.1. with the Random Index (Malczewski
1999).

Cl

= ()
The consistency ratio is designed in such a way that shows a reasonable level of
consistency in the pairwise comparisons if C.R. < 0.10. On the other hand, there is

inconsistent judgments if C.R. > 0.10.

Table 2.7: Random Inconsistency Index (RI) (Adapted from Saaty 1980)

n 1 2 3 4 5 6 7 8 9 10

RI 0.00 | 0.00 | 058 | 090 | 112 124 | 132 1.41 1.45 1.49
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2.9.2Why AHP?

Khosrowshahi (1999) stated that AHP has many advantages to make the decision a basic
need for most engineers and professionals. AHP has been widely adopted as a powerful

multi-criteria decision-making tool.

Since each construction project is unique, final contractor selection through the AHP
provides clients with the flexibility to add or reduce the elements of a problem hierarchy
regarding an individual project. In addition, the strengths and weakness of each eligible
contractor are exposed. The AHP is therefore applicable as a model for contractor
selection (Fong and Choi, 2000).

Al-Besher (1998) stated that AHP has many advantages. Some of them are consistency,
measurement, hierarchic structures, interdependence, complexity, unity, process

repetition, judgment, consensus, tradeoffs, systematic and synthesis.

Al-Harbi (2001) pointed that AHP permits group decision-making where group members
can use their experience, values, and knowledge to decompose the contractor
prequalification problem into a hierarchy and solve it by the AHP steps.
El-Sawalhi (2007a) briefed the advantages of the AHP model as follows:
= |t permits group decision-making.
= |t transfers subjective judgment into meaningful weights and ratios on which to
base decisions.
= Various judgments by decision makers can be adapted by this technique, which
synthesizes that judgment into a representative outcome.

= |t Identifies inconsistencies made in the judgments.

Cheng et al. (2004) highlighted that the AHP is based on pairwise comparisons of
elements in the same level of the hierarchical structure according to a nine-point ratio
scale for obtaining decision-maker’s degree of preferences. This nine-point scale is
mainly applied to quantify linguistic preference expressions of the decision-maker and
furthermore, comparisons performed by AHP can be valid in both weight elicitation and

alternative valuation procedures

AHP permits the decision-maker to compute the consistency of their judgments, because

it uses an analytic procedure to process these judgments. Another reason for using this
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method is the existence of convenient and user-friendly Expert Choice software (Topcu,
2004). The AHP method evaluates the weights to be assigned for the priorities of
functions; subsequently, a consistency index check is conducted to determine whether the
assignment of weights is acceptable (Bahurmoz, 2006).

2.10 Conclusion

The literature review highlighted to the following points:

1. Contractor prequalification is a process to evaluate candidate contractors’ ability to
complete a contract satisfactorily before they are admitted into the bidding process.
The prequalification process enables the clients to eliminate contractors who are not
responsive, responsible and competent; assure bidding opportunities for eligible
contractors; encourage healthy competition among eligible contractors;
avoid/minimize risks of contractor failure and improve client satisfaction.

2. Advantages and disadvantages of the prequalification system were presented.

3. A large number of prequalification models and criteria were identified.

4. A brief overview of the prequalification practices worldwide was taken to illustrate the

different systems of prequalification being used.

5. Detailed explanation of AHP as decision-making tool indicating its importance in

prequalification process.
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CHAPTER THREE
METHODOLOGY

3.1 Introduction

This chapter describes the methodology that used in this research. It includes the research
strategy, population and sample size, questionnaire design and contents, pilot study,

developing and evaluating of the software, and case study.

3.2 Resear ch Strategy

This research is concerned about finding a more accurate and suitable technique to choose
the most competent bidder to execute a project through prequalification process. To
achieve this, the researcher adopted a strategy that consists of four phases.

The first phase considered a summary of literature review regarding the criteria used in

the prequalification process and summary of used models were reviewed.

In the second phase, the researcher found that AHP technique is applicable and adaptable
model among other used models in the prequalification process. The researcher
determined the criteria of the prequalification and its relevant factors that used in the
design of the first questionnaire. The first questionnaire focused on two parts. The first
part was general questions and the second part was regarding the main criteria and the
relevant factors. In this questionnaire, the most important factors were determined based

on the relative importance index.

Then a second questionnaire was developed based on the results of the first questionnaire
to determine the weights of the prequalification criteria as well as the relevant factors
based on AHP.

In the third phase, simple and flexible software program was developed based on AHP
concepts to assist in simple use of this approach by interested parties in the construction

industry.

In the fourth phase, a practical case study of prequalification practices in Gaza Strip was
analyzed and discussed by using AHP. Figure 3.1 shows the methodology flowchart,

which leads to achieve the research.
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Figure 3.1: Methodology flow chart.

40

www.manharaa.com




3.3 Population and Sample Size

The targeted population comprises experts, engineers, procurement specialists, and
managers from diverse organizations with experience and with direct contacts in their
jobs to the contractors’ evaluation, awarding committees, and supervision and

management of construction projects in Gaza Strip.

The population members got their experiences through their extended career in local
institutions or ministries, implementing agencies, donors' representatives or others
international agencies that implemented hundreds of projects in Gaza Strip in the past 15

years.

In the first questionnaire, the researcher targeted, as studied population, Governmental
Ministries, NGOs, Municipalities, International Organizations, and Consulting Firms
related to construction industry. Eighty questionnaires were distributed, however seventy-
three (91.25%) respondents returned the questionnaires, and just sixty-five (81.25%) of
the received questionnaires were fully completed so they were accepted for the analysis
tests, while eight incomplete questionnaires were neglected. Figure 3.2 shows the

distribution of targeted members.

28%

23%

17%
I ]

Governmental Municipalities Non-Governmental International Consulting Firms
Organizations Organizations Organizations

17%

Figure 3.2: Per centages of the sample members of thefirst questionnaire

3.4 Questionnaires Design and Contents

The first questionnaire was designed based on the ideas extracted from the literature
review; in particular from previous studies related to the subject of this research such as
El Sawalhi et al. (2007), Al-Dughaither (2006), Alfred (2006), Cheng and Li (2004),
Mangitung and Emsley (2002), Mahdi et al. (2002), Ng and Skitmore (2000), Lam et al.
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(2000), Hatush and Skitmore (1997b) and Holt et al. (1994). The questionnaire was
designed to cover the requirements of the research objectives. All the information that
could help in achieving the study objectives, were collected, reviewed, and formalized to
be suitable for the study survey. The first questionnaire was discussed thoroughly with the
supervisor until a final agreed upon version was reached. The researcher used the
questionnaire as a tool to collect primary data directly related to this study. The
questionnaire was divided into two sections as the following:

1. First section: It contains general information regarding the respondents’ organizations;
type of implemented projects; the value of the implemented projects; the respondents’
occupation in their organizations; their experience duration; and the prequalification
practices.

2. Second section: It comprises nine groups relevant to the adopted main criteria and each
group comprises relevant factors in order to determine their importance from the
viewpoint of clients and their representatives regarding the prequalification process. All
questions follow Likert Scale that gives numerical values range from five to one for the
degree of importance of each factor that range from very important to unimportant

respectively.

The survey of the first questionnaire was conducted to determine the viewpoint of the
studied population sample regarding the prequalification process in construction industry.
Seven-page questionnaire accompanied with a covering letter and definitions was

designed, prepared, and distributed to the studied population.

The second questionnaire was developed based on the results of the analysis of the first
questionnaire and consisted of one section. The researcher used this questionnaire to
determine the weights of the nine criteria and their relevant factors based on AHP by
conducting pairwise comparison that based on specific scale adopted by Saaty (1980).
This questionnaire targeted a group consists of six long-experienced persons in the field

of the prequalification process of contractors and the construction industry.

The two questionnaires were prepared in “Arabic Language” in order to avoid any
misunderstanding of their topics. A copy of the questionnaire and an English version of it

are attached in Annex 1, Annex 2, Annex 3, and Annex 4.
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3.5 Pilot Study

It is customary practice that the survey instrument should be piloted to measure its
validity. Naoum (2007) stated that the pilot study provides a trial run for the questionnaire
that involves testing the wording of questions, identifying ambiguous questions, testing
the technique that used to collect the data. The purpose of this step is to find out if the
questions are understandable or not, and to find out any problem that may raise while

filling in the questionnaire.

Regarding the first questionnaire, the pilot study was conducted by distributing the
questionnaire to a group of long-experienced persons in the same field of construction
industry as well as prequalification process to have their remarks on it. Those experts
were contacted to assess the questionnaire validity and they were asked to verify the
validity of the questionnaire topics and its relevance to the research objectives. Expert
comments and suggestions were collected and evaluated. All the suggested comments and
modifications were discussed with the supervisor and evaluated before considering them.
At the end of this process, some minor changes, modifications, and additions were
introduced to the questionnaire and the final questionnaire was constructed. It appeared
that respondents had no difficulty in understanding the items or the instructions to
complete the questionnaire.

Regarding the second questionnaire, the situation is relatively different where the
researcher depended on the results of the first questionnaire. The researcher interviewed a
group of specialized persons and discussed the questionnaire with them clarifying the
used approach and the mechanism of filling in it based on AHP approach. Also as in the
first questionnaire, it appeared that respondents had no difficulty in understanding the

items or the instructions to fill in the questionnaire.

3.6 Developing and Evaluating the Software

The researcher developed simple software based on AHP approach that can be used in the
selection of the contractors in Gaza Strip. This software is flexible and the user can enter
any criteria that fit his requirements. The software was developed by using "Visual Basic"

programming language, which was originally created to make it easier to write programs
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for the Windows computer operating system. In addition, Visual Basic is the most widely

used computer programming system in the history of software.

The researcher applied the software on an example of selection contractors found in
Al-Harbi (2001) in order to check its results. Then an evaluation of the software was
conducted by asking five implementing agencies engineers who are experts in

construction projects to fill in a questionnaire for evaluating the software (See annex 5).

3.7 Case Study

The researcher used a case study regarding applying the prequalification of the
contractors in Gaza Strip in order to present the mechanism of AHP in the construction
industry in Gaza Strip. The background of the project used in this case study presented.
The prequalification criteria used also presented as well as all the information regarding

the participated contractors in this project.

To show the importance of AHP approach, the researcher used it in this case study to
determine the weights of the criteria used also in determining the contractors according to
the priorities and goals that set by the project's owner. Also, a comparison was made

between the results obtained by the owner and that calculated by AHP,
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CHAPTER FOUR
RESULTSAND DISCUSSIONS

4.1 Introduction

In this chapter, the results of the field survey are presented and discussed. This chapter
illustrates and discusses the characteristics of the study population, and the applications of
analytical hierarchy process (AHP) in order to establish weights for the proposed

prequalification criteria regarding the construction industry in Gaza Strip.

4.2 Characteristics of the Study Population

The sample size of this research was selected to cover the study population of various
types of project owners, and implementing agencies represented in governmental
organizations,  municipalities, = non-governmental  organizations, international

organizations, and engineering consulting firms.

4.2.1 Sample Size

Table 4.1 shows the type of organizations and the sample size for the study population.

In addition, it shows number of valid respondents of each organization.

As shown in Table 4.1, the sample size comprises 17% as governmental organizations,
23% as municipalities, 17% as NGOs, 28% as international organizations, and 15% as

engineering consulting firms.

Table 4.1: Frequency and per centages organization of the sample members

Organization Freguency Per cent of Respondents
Governmental Organizations 11 17%
Municipalities 15 23%
Non-Governmental Organizations (NGOs) 11 17%
International Organizations 18 28%
Engineering Consulting Firms 10 15%
Total 65 100%
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4.2.2 Types of Implemented Projects

Figure 4.1 shows that 34% of the implemented projects are buildings, 28% are water and
wastewater projects, 30% are roads, and 9% are other projects.

Other Projects
9%

Figure 4.1: Types of implemented projects

4.2.3 Amount of Implemented Projects

Figure 4.2 shows that 12% of the implemented projects value is less than or equal to 1
Million (M) dollars; 11% is between 1.1 M and 3 M dollars; 17% of the implemented
projects value is between 3.1 M and 6 M dollars; 11% is between 6.1 M and 12 M dollars;
and 49% is more than 12 M dollars. The results show that almost half of the implemented
projects by the respondents of value more than 12 M dollars, which means that the total
value of the projects implemented is relatively high.

49%

17%

12% 11% . 11%

Less than or 1.1M—-3M 3.1 M-6M 6.1M~—-12M Morethan 12 M
equal 1M

Figure4.2: Average annual value of the implemented pr ojects
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4.2.4 Respondents Post

Table 4.2 shows that 14% of the respondents’ post in their organization is project
manager; 22% of the respondents’ post is construction supervisor; 26% of the
respondents' post is head of department; 5% of the respondents’ post is supervisors; 15%
of the respondents post is procurement specialist; and 18% of the respondents post is
other positions.

The researcher is satisfied with the level of importance the respondents in general give to

fill this questionnaire.

Table 4.2: Respondent's occupation

Respondent Post Frequency Percent (%)

Project Manager 9 14%
Construction Supervisor 14 22%
Head of Department 17 26%
Consultant 3 5%

Procurement Specialist 10 15%
Others 12 18%
Total 65 100%

4.2.5 Respondents Experience

Table 4.3 shows that 5% of the respondents' experience is less than 5 years; 20% of the
respondents’ experience ranges from 6 to 10 years; 28% of the respondents’ experience
ranges from 11 to 15 years; 14% of the respondents' experience ranges from 16 to 20

years; and 34% of the respondents' experience is more than 20 years.

The result shows that 75% of respondents have more than 11 years of experience, which

gives the researcher more confidence in the results.

Table 4.3: Respondents' experience

Experience duration Frequency Percent (%)

Less than 5years 3 5%

6-10 years 13 20%
11-15 years 18 28%
16-20 years 9 14%
More than 20 years 22 34%
Total 65 100%
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4.2.6 Dependence on the Palestinian Contractors Union (PCU) Classification

In Table 4.4, it is clear that 45% of the respondents’ organization always depends on PCU
classification, while 55% often depends on PCU classification. These results indicate the
significance of PCU classification.

Table 4.4: Dependence on PCU classification

Rely on PCU classification Freguency Percent (%)
Always 29 45%
Often 36 55%
Total 65 100%

4.2.7 Exercisethe Prequalification Process over the Past Years

In Table 4.5, it is clear that 40% of the respondents' organizations sometimes exercise the
prequalification process, 45% rarely exercise the prequalification process, and 15% never
exercise the prequalification process. The results show the tendency towards exercising

the prequalification process in Gaza Strip.

Table 4.5: Exer cisethe prequalification process over the past years

Exercisethe prequalification over the past years Frequency Percent (%)
Sometimes 26 40%
Rarely 29 45%
Never 10 15%
Total 65 100%

4.3 Factors Influencing the Prequalification Processin Gaza Strip

This part consists of the results and discussion of the factors that influence the
prequalification process in Gaza Strip as presented in the first questionnaire. The factors
were categorized into nine groups; these groups are financial stability, management
capabilities, experience, past performance, technical ability, reputation, health and safety,

claims and contractual disputes, and current workload.

The interviewees were asked to provides their opinions on the identification of

prequalification criteria for contractors in the construction sector in Gaza Strip companies
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in Gaza Strip by scores 1 to 5, where "1" represent very low and "5" the very high. To
determine the relative importance index (RII) of the factors, these scores were

transformed to importance relative indices based on the formula:

i=5

_Tw Zn
)= AN

Relative Importance Index (RII

Where w is the weight given to each factor by the respondent, ranging from 1 to 5, (nl1 =
number of respondents for Very Important, n2 = number of respondents for Important, n3
= number of respondents for Medium Importance, n4 = number of respondents for Low
Importance, n5 = number of respondents for No Importance). A is the highest weight (i.e.
5 in the study) and N is the total number of samples. The RII equals ranges from O to 1.

4.3.1 The Factors Related to the Financial Stability

Table 4.6 shows the respondents’ opinion regarding the factors related to the financial
stability of the company. The factors' RII is as the following:

1. "The capital of the company"” with RIl equals 0.92 and rank equals 1.

2. "The annual turnover of the company" with Rl equals 0.82 and rank equals 4.

3. "The banking facilities provided by the company" with RIl equals 0.75 and rank

equals 5.
4. "The liquidity of the company" with RII equals 0.87 and rank equals 2.
5. "The debt volume of the company" with RII equals 0.85 and rank equals 3.

The results indicate the extent of significance of the financial stability in the
prequalification process. The contractor's financial stability is an indication of his ability
to execute the project and to meet financial obligations where it is considered as one of

the most important criteria for evaluating the capability of general contractors.

These findings agree with several previous studies such that conducted by Alfred (2006)
in 15 African countries, 4 Asian countries, and 2 South American countries; Tarawneh
(2004) in Jordan; Ng and Skitmore (2000) in UK; Ng and Skitmore (1999) in UK,
Khosrowshahi (1999) in UK; and Bubshait and Al-Gobali (1996) in Kingdom of Saudi
Arabia.
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The relative importance index of the capital of the company equals 0.92, which indicates

its highest importance. Same thing is valid for the liquidity of the company and debt

volume of the company.

Table 4.6: Thefactorsrelated to thefinancial stability of the company

= | = 8 8 8
8 8 |E 8| 8| 8
. > e +— > ; — ‘s
No. Affecting Factor = s = 2 22 £ =
g P38 Bgiafa|® ¢
E| E |2 E £ £
1 | The capital of the company 40 24 1 0 0.92 1
4 | The liquidity of the company 31 28 4 0.87 2
The debt volume of the
5 30 24 9 0.85 3
company
The annual turnover of the
2 21 30 13 0.82 4
company
The banking facilities
3 ) 12 29 21 0.75 5
provided by the company

4.3.2 The Factors Related to the Management Capabilities

Table 4.7 shows the respondents’ opinion regarding the factors related to the management

capabilities of the company. The factors' RII is as the following:

1.

2.

"The existence of an appropriate organizational structure for the company" with

RIl equals 0.89 and rank equals 1.

"The existence of an integrated strategy for the company" with RIl equals 0.76

and rank equals 5.

"The qualifications of the managerial staff of the company"” with RII equals 0.87

and rank equals 2.

"The availability of training system for managerial staff in the company” with RII

equals 0.69 and rank equals 6.

"The use of computerized systems in the management"

and rank equals 4.

with RIl equals 0.77

"The availability of monitoring, tracking, and evaluation system of the company"

with RIl equals 0.78 and rank equals 3.
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The results indicate the importance of the management capabilities in the prequalification
process where RII equals 0.793. These findings agreed with previous studies conducted
by Ng and Skitmore (2000), Ng and Skitmore (1999), Bubshait and Al-Gobali (1996).

The existence of an appropriate organizational structure for the company and the
qualifications of the managerial staff of the company are with high RIl 0.89 and 0.87
respectively, which reflects their importance in the prequalification process. The
appropriate organizational structure shows how the information and decision-making

processes move between different levels.

The factors related the existence of an integrated strategy for the company and the
availability of training system for managerial staff in the company has low RII compared
with the other factors. The researcher refers that to the nature of most companies, which
considered relatively small and locally competitive and rarely depends on practicing

training to develop its performance.

Table4.7: Thefactorsreated to the management capabilities of the company

e = 3 8 8
| -8 & |5§:§,5 ~
No. Affecting Factor o5l 5 [GEBESEl = | &
>3 8 88288 & |

E|E |=g g E

The existence of an appropriate

-
w
N
w
o
w
o
o

o 089 1
organizational structure for the company

The qualifications of the managerial staff of

3 271 33 | 5| 0| 0087 2
the company

The availability of monitoring , tracking,
6 ) 19| 24 (19| 3 | 0 |078] 3
and evaluation system of the company

The use of computerized systems in the

5 11 | 38 [ 12| 4 | 0 |077] 4
management

The existence of an integrated strategy for

2 151 29 (17| 2 | 2 |076] 5
the company

The availability of training system for

4 o 4 |27 |27 | 7 | 0 |069] 6
managerial staff in the company
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4.3.3 The Factors Related to the Experience

Table 4.8 shows the respondents’ opinion regarding the factors related to the experience
of the company. The factors' RIl is as the following:
1. "The number of projects implemented by the company" with RIl equals 0.84 and
rank equals 5.
2. "The amount of projects implemented by the company” with RIl equals 0.86 and
rank equals 3.
3. "The type of projects implemented by the company" with RIl equals 0.91 and rank
equals 2.
4. "The experience of the company in implementing similar projects” with RII
equals 0.93 and rank equals 1.
5. "The ability of the company to cope with the problems of implementation” with
RII equals 0.85 and rank equals 4.
6. "The ability of the company to identify and manage risks" with RIl equals 0.81
and rank equals 6.
7. "The number of years in construction™ with RII equals 0.79 and rank equals 7.

8. "The local experience of the company"” with RII equals 0.79 and rank equals 8.

The results indicate the high importance of the experience of the company in the
prequalification process where RII equals 0.845. The experience is an essential criterion
to ensure that the contractors have the skills to implement the project in terms of time,
quality, and cost. Fortunately, the findings are consistent with the previous studies
conducted by Alfred (2006), Ng and Skitmore (1999), and Bubshait and Al-Gobali
(1996).

The experience of the company in implementing similar projects has been ranked in the
first position. This indicates the high tendency of the owners to select the contractors who
have this kind of experience in order to guarantee the success of their projects. In
addition, the type of projects implemented by the company has high relative importance
index, which confirms the desire of the owners to deal with qualified contractors engaged
with construction industry. The number of years in construction and local experience has

reasonable relative importance index 0.79.
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Table 4.8: Thefactorsreated to the experience of the company

2| & 3 3 8
No. Affecting Factor o s| 5 |§E|8s|32%| = 8
>3 8 |8 S |1a8 S| [ o
E| E |ZE| E| E

The experience of the company

4 | o ) 43 20 2 0 0 093 | 1
in implementing similar projects
The type of projects

3 | ype ot prol 37 25 3 0 0 091 | 2
implemented by the company
The amount of projects

2 | 26 32 7 0 0 086 | 3
implemented by the company
The ability of the company to

5 | cope with the problems of 26 31 6 2 0 085 | 4
implementation
The number of projects

1 | 25 30 9 1 0 084 | 5
implemented by the company
The ability of the company to

6 | ) 24 24 13 4 0 081 | 6
identify and manage risks
The number of years in

7 ) 13 36 14 2 0 079 | 7
construction
The local experience of the

8 10 41 13 1 0 079 | 8
company

4.3.4 The Factors Related to the Past Perfor mance

Table 4.9 shows the respondents’ opinion regarding the factors related to the past

performance of the company. The factors' RIl is as the following:

1.

"The adherence to the contractual period in the implementation of projects” with
RII equals 0.923 and rank equals 1.

"The adherence to the allocated budget the implementation of projects” with RII
equals 0.80 and rank equals 5.

"The track records of the company in the implementation of projects” with RII
equals 0.83 and rank equals 4.

"The adherence to the specifications in the implementation of projects” with RII
equals 0.920 and rank equals 2.
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5. "The adherence to the contractual obligations in the implementation of projects”

Table 4.9: Thefactorsrelated to the past performance of the company

with RII equals 0.917 and rank equals 3.

— — [} Q [}
515 55l 5. 8
No. Affecting Factor 5 5| 5 B €18 £ S £| = E
> 8|8 B 80 gF 8| % | &
E| € =
E|E P E|l E| E
The adherence to the
1 | contractual period in the 43 19 0.923 1
implementation of projects
The adherence to the
4 | specifications in the 41 23 0.92 2
implementation of projects
The adherence to the
5 o 40 23 0.917 3
contractual obligations
The track Records of the
3 | company in the 20 36 0.83 4
implementation of projects
The adherence to the
2 | allocated budget in the 15 38 0.80 5
implementation of projects

The results indicate the high importance of the past performance of the company in the

prequalification process. The past performance of the contractors will enable the clients to

assess the companies' ability to manage and deliver projects with specified quality, time,

and cost. The findings are consistent with the findings of previous studies conducted by
Alfred (2006), Ng and Skitmore (1999), and Bubshait and Al-Gobali (1996).

4.3.5 The Factors Related to the Technical Ability

Table 4.10 shows the respondents' opinion regarding the factors related to technical

ability of the company. The factors' RII is as the following:

1.

2.
3.

"The number, type, and condition of equipment and machinery” with RII equals

0.85 and rank equals 2.

"The capital of equipment and machinery"” with RII equals 0.754 and rank equals 4

"The number of the technical staff" with RII equals 0.76 and rank equals 3.
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Table4 .10: Thefactorsrelated to the technical ability of the company

"The experience of the technical staff" with RII equals 0.87 and rank equals 1.

"The existence of training system for labor" with RIl equals 0.67 and rank

equals 6.

"The technological means used by the company in the implementation of projects"”

with RII equals 0.751 and rank equals 5.

= | = 3] 8 3
. > § ..% % % = % % _ X
No. Affecting Factor T s| 6 & £EI8 £E12 £| = 8
> 8| 3 [B S 0 g S| x o
E|E = E £ £
The number , type , and condition
1 ] ) 24 33 8 0.85 2
of equipment and machinery
The capital of equipment and
2 ) 13 27 22 0.754 4
machinery
3 | The number of the technical staff 12 31 20 0.76 3
The experience of the technical
4 31 27 5 0.87 1
staff
The existence of training system
5 5 24 26 0.67 6
for labor
The technological means used by
6 | the company in the 8 37 16 0.751 5
implementation of projects

The results indicate the importance of the technical ability of the company to enable the

contractors to demonstrate that it has the technical capacity to perform the work for which

it is seeking prequalification for specific project. The first two factors related to "the

experience of the technical staff" and "the number, type, and condition of equipment and

machinery" have high relative importance index, which show the importance of the

experience of the technical staff as well as the availability of the equipments and

machinery.

On the other hand, the existence of training system for labor has relatively low relative

importance index and that refers to the nature of companies in Gaza Strip, which are

mostly depends on subcontracting.
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4.3.6 The Factors Related to the Reputation

Table 4.11 shows the respondents’ opinion regarding the factors related to the reputation
of the company. The factors' RIl is as the following:

1. "The company classification” with RII equals 0.90 and rank equals 1.

2. "The diversity of specialization fields of the company” with RII equals 0.797

and rank equals 2.
3. "The size of the company"” with RII equals 0.754 and rank equals 5.
4. "The previous relationship between the company and the owner" with RII equals
0.769 and rank equals 3.

"The previous relationship between the company and other owners™ with RII

o

equals 0.757 and rank equals 4.

The results indicate the high importance of the reputation of the company in the
prequalification process. Also, it is consistent with the findings of previous studies
conducted by Alfred (2006), and Ng and Skitmore (1999).

It is clear the extent of importance of the company classification in the prequalification
process, which is interpreted as the high tendency of projects' owners to stipulate the high
grades to be eligible to execute the projects. The factors that related to the contractors
relationship with the owner and other owners have reasonable relative importance index,
which confirms the necessity of owners and other owners to deal with contractors who

showed high level of cooperation in implementing of the previous projects.

With regard to the size of the company , RII equals 0.75 while 44 out of 65 respondents
said its importance ranges from very important to important and 21 said it is medium
important. The researcher refers this to the being of most companies are relatively small
companies despite their classification.
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Table4.11: Thefactorsrelated to reputation of the company

= | = 3] 8 3]
No. Affecting Factor %‘ g g % *§ 3 ‘§ 3 *§ = %f
> 2| 2 22 38 8| % |«
E|E = E £ £
1 | The company classification 32 32 1 0 0 0.900 1
The previous relationship
2 between the company and the | 16 35 11 3 0 0.797 2
owner
3 | Thesize of the company 8 36 19 2 0 0.754 5
The diversity of
4 | specialization fields of the 18 25 17 4 1 0.769 3
company
The previous relationship
5 | between the company and 13 29 20 2 1 0.757 4
other owners

4.3.7 The Factors Related to the Health and Safety Procedures

Table 4.12 shows the respondents’ opinion regarding the factors related to health and
safety procedures in the company. The factors' RIl is as the following:
1. "The existence of policy for the company in the field of health and safety
standards to control the work™ with RIl equals 0.83 and rank equals 1.
2. "The existence of training programs in the field of health and safety” with RII
equals 0.70 and rank equals 3.
3. "Health and safety records of the company in the implementation of previous
projects” with RIl equals 0.74 and rank equals 2.

The results indicate the importance of the health and safety procedures in the
prequalification process where RII equals 0.757. The importance of health and safety is to
encourage companies to establish and maintain effective systems to manage the risks
arising from the nature of the work performed. These findings also agreed with several
previous studies conducted by Alfred (2006), Ng and Skitmore (2000), and Ng and
Skitmore (1999).
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The first factor that related to "the existence of policy for the company in the field of
health and safety standards to control the work™ has reasonable RII 0.83 where 55out of
65 respondents said its importance ranges from very important to important. On the other
hand, the remaining two factors regarding safety records and training programs in the
field of health and safety have low RIlI and that reflects the lack of interest of owners

towards this issue and consider it just a complementary formality.

Table4.12: Thefactorsrelated to the health and safety proceduresin the company

No. Affecting Factor

Very
I mportant
I mportant
Medium
Importance
Low
Importance
No
Importance
RII
Rank

The existence of policy for the company
1 | inthe field of health and safety 21 | 34 9 1 0 |083| 1

standards to control the work

The existence of training programs in
2 7 25 | 27 6 0 [070] 3

the field of health and safety

Health and safety records of the

3 | company in the implementation of 14 | 27 | 17 4 3 1074 2

previous projects

4.3.8 The Factors Related to the Claims and Contractual Disputes

Table 4.13 shows the respondents’ opinion regarding the factors related to the claims and

contractual disputes. The factors' RII is as the following:

1. "The tendency of company towards the claims and intransigence in contractual
issues" with RII equals 0.766 and rank equals 2.

2. "The company response in finding solutions to claims and disputes™ with RII
equals 0.855 and rank equals 1.

3. "The number of the claims in the previous projects” with RIl equals 0.738 and

rank equals 3.

The results indicate the importance of the claims and contractual disputes in the
prequalification process where RII equals 0.786 while Ng and Skitmore (2000) found RII
0.72. The researcher refers this increase in RII to the latest situation in Gaza Strip due to
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the siege that forces most the owners to terminate the projects and enter in claims stage

with contractors.

The factor related to the company response in finding solutions to claims and disputes

reflects the interest of owners in future to deal with the flexible contractors. The

remaining two factors regarding the tendency of company towards the claims and

intransigence in contractual issues and the number of claims reflects the high tendency of

owners in dealing with inflexible and empty-headed contractors.

Table4.13: Thefactorsrelated to the claimsand contractual disputes

Q [} Q
= = o (8] o
No. Affecting Factor ® 5| 6 & £E|18 12 £| = 8
> 8| 8 8 32 8 S| T
E|E = € £ £
The tendency of company
towards the claims and
1 ] ] ) 15 31 12 7 0 0.766 2
intransigence in contractual
issues
The company response in finding
2 ) ) ) 30 24 10 1 0 0.855 1
solutions to claims and disputes
The number of the claims in the
3 ) ) 11 35 11 4 4 0.738 3
previous projects

4.3.9 The Factors Related to the Current Workload

Table 4.14 shows the respondents' opinion regarding the factors related to the current

workload of the company. The factors' RII is as the following:

1. "The number of the current projects implemented by the company" with RII

equals 0.81 and rank equals 1.

2. "The type of the current projects implemented by the company” with RII equals

0.757 and rank equals 3.

3. "The amount of the current projects implemented by the company” with RII

equals 0.75 and rank equals 2.

4. "The percentage of the current projects subcontracted” with RIl equals 0.69 and

rank equals 4.
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The results indicate the importance of the current workload in the prequalification process
where RII equals 0.758 and this agreed with the study conducted by Tarawnah (2004).
The researcher refers the low value of RII of current workload compared with the other
criteria to the fact of being most projects are relatively small in Gaza Strip and not
represent an overburden for companies that enjoined sound financial resources and
management capabilities.

The first three factor regarding the number, amount, and type of current implemented
projects are very close in their relative importance index. On the other hand, the
percentage of projects subcontracted is ranked in the third position with RIl 0.69 and that
may reflects the nature of implementation projects in Gaza Strip where sizeable parts of

project are subcontracted.

Table4.14: Thefactorsrelated to current workload of the company

[} [} Q
el e (&S] (&S] o
Affecting Fact > S 2B R B8 - ¢
n actor 5 5 B © = T =
No ’ 2 28@8gSg 38 @ |8
EIE = E| g E

Number of the current projects
implemented by the company

[N
N
o
w
juies
=
o
SN
o

0.81 1

Amount of the current projects

w
o
ol
w
ol
©
S
N

i 0775 | 2
implemented by the company

Type of the current projects
2 | . 10 | 43 6 0 6 | 0757 3
implemented by the company

Percentage of the current projects

4 9 28 15 10 3 0.69 4
subcontracted

4.3.10 The Prequalification Groups
Table 4.15 shows the respondents' opinion regarding the prequalification groups of the
contractors. The groups' RII is as the following:

1. "Financial stability of the company" with RII equals 0.842 and rank equals 3.

"Management capabilities of the company™ with RII equals 0.793 and rank equals 5.

"Experience of the company" with RIl equals 0.845 and rank equals 2.

"Technical ability of the company” with RII equals 0.775 and rank equals 7.

2
3
4. "Past performance of the company" with RII equals 0.878 and rank equals 1.
5
6. "Reputation of the company" with RII equals 0.795 and rank equals 4.

;

"Health and safety procedures in the company" with RII 0.757 and rank equals 9.
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8. "Claims and contractual disputes” with RIl equals 0.786 and rank equals 6.

9. "Current work load of the company" with RII equals 0.758 and rank equals 8.

Table 4.15: The prequalification groups

No. Prequalification Criteria E E
4 The past performance of the company 0878 | 1
3 The experience of the company 0.845 | 2
1 The financial stability of the company 0.842 | 3
6 The reputation of the company 0795 | 4
2 The management capabilities of the company 0793 | 5
8 The claims and contractual disputes 0.786 | 6
5 The technical ability of the company 0.775 | 7
9 The current workload of the company 0.758 | 8
7 The health and safety procedures in the company 0.757 | 9

4.4 The Prequalification Criteria Weights

This part deals with the steps of establishing the prequalification model of selection

contractors prior the bidding stage. Accordingly, the prequalification criteria and

subcriteria have been identified based on the statistical analysis results of questionnaire

(1) to be the base for establishing the selection model in order to determine its weights by

using questionnaire (2) based on AHP.

The main criteria and subcriteria were identified based on the results of questionnaire (1).

Then, the researcher paraphrased the influencing factors in the form of subcriteria and

excluded all the influencing factors that have RII less than 0.70 where all the values

above this value ranges in its importance from that above the medium important to very

important. The steps of this survey are summarized as follows:

1. Level 1: Identify the main criteria to be used in the prequalification process of

contractors. The nine main criteria suitable for the construction industry in Gaza Strip

were adopted.

2. Level 2: Divide each main criterion into many sub-criteria, which help to make

practical and quantitative method of contractors'
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prequalification stage: 42 subcriteria suitable for the construction industry in Gaza
Strip were adopted.

3. Level 3: Determine the weights of the nine main criteria by AHP.

4. Level 4: Determine weights of 42 sub criteria relevant to the main criteria by AHP.

The weights obtained here represent the opinion of six professionals interviewed in this
study through questionnaire (2), and not necessarily be taken as a default values. The
respondents in the first stage were asked to determine the priorities of main criteria and
subcriteria relative in pairwise comparison using the numerical rating for the three
adopted sectors in the research, namely, public building and housing, water and sewage

networks, and roads.

Table 4.16 shows the paraphrased main criteria and subcriteria, which have been adopted
upon the high degree of RII equals or greater than 0.70 in order to prepare questionnaire
(2) and AHP model. Accordingly, the main criteria RIl have been recalculated for the

groups after ruling out the factors less than 0.70.

Figure 4.3 shows AHP model. The main target "Prequalification of the contractors™ was
identified at the top of the hierarchy on level one. In the second level, the main criteria
adopted in this research was identified, namely, Past Performance (P.P); Experience (E);
Financial stability (F.S); Management Capabilities (M.C); Technical Ability (T.A);
Reputation (R); Claims and Contractual Disputes (C.C.D); Current Work Load (C.W.L);
and Health and Safety (H.S). In the third level, the related subcriteria were identified. At
level four, the alternatives representing the contractors to be prequalified were

determined.

The group of the six experts filled in questionnaire (2) based on the recommended scale
used to quantify the relative importance. Accordingly, the nine main criteria were
pairwise compared as well as the relevant subcriteria and the geometric average was
adopted to avoid any differences in the group opinions regarding the priorities. The
consistency ratio (CR) was manually calculated at each stage in order to be sure that CR
not exceeding 10% according to AHP for sound judgments. However, in case that CR

exceeds 10%, the entries reviewed with the group.

AHP steps are drawn in order to establish weights for the proposed

prequalification criteria in Housing, Water and Sewage, and Roads Sectors as follows:
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. Synthesizing the pairwise comparison matrix;
. Calculating the priority vector for a criterion such as past performance;
. Calculating the consistency ratio;
. Calculating A max;

. Calculating the consistency index, Cl;

decision-maker were consistent or not.

Table 4.16: The relative importance index of the prequalification criteria

. Selecting appropriate value of the random consistency ratio from Table 2.7; and

. Checking the consistency of the pairwise comparison matrix to check whether the

Main Criteria RII

G1 : The Past Performance (P.P) 0.878
G2 : The Experience (Exp) 0.845
G3 : The Financial Stability (F.S) 0.842
G4 : The Management Capabilities (M.C) 0.814
G5 : The Technical Ability (T.A) 0.797
G6 : The Reputation (R) 0.795
G7 : The Claims and Contractual Disputes (C.C.D) 0.786
G8 : The Current Workload (C.W.L) 0.779
G9 : The Health and Safety Procedures (H.S) 0.757
Subcriteria The Past Performance (P.P)

G11 :The adherence to the contractual period 0.923
G12 :The adherence to the specifications 0.92
G13 :The adherence to the contractual obligations 0.917
G14 :The track record of the company 0.83
G15 :The adherence to the allocated budget 0.80

The Experience (Exp)

G21 :The number of similar projects 0.93
G22 :The type of projects implemented 0.90
G23 :The amount of projects implemented 0.86
G24 :The ability to cope with the problems of implementation 0.85
G25 :The number of projects implemented 0.84
G26 :The ability to identify and manage risks 0.81
G27 :The number of years in construction 0.79
G28 :The local experience of the company 0.79
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Sub criteria The Financial Stability (F.S) Weight
G31 :The capital of the company 0.92
G32 :The liguidity of the company 0.87
G33 :The debt volume of the company 0.85
G34 :The annual turnover of the company 0.82
G35 :The banking facilities provided by of the company 0.75
The Management Capabilities(M.C)
G41 :The company organizational structure 0.89
G42 :The qualifications of the managerial staff 0.87
G43 :The availability of monitoring , tracking, and evaluation system 0.78
G44 :The use of computerized systems in the management 0.77
G45 :The existence of an integrated strategy for the company 0.76
The Technical Ability (T.A)
G51 :The experience of the technical staff 0.87
G52 :The number , type , and condition of equipment and machinery 0.85
G53 :The number of the technical staff 0.76
G54 :The capital of equipment and machinery 0.754
G55 :The technological means used in the implementation of projects 0.751
The Reputation (R)
G61 :The company classification 0.90
G62 :The previous relationship between the company and the owner 0.797
G63 :The diversity of areas of specialization 0.769
G64 :The previous relationship between the company and other owners 0.757
G65 :The size of the company 0.754
The Claims and Contractual Disputes (C.C.D)
G71 :The company response in finding solutions to claims and disputes 0.855
G72 :The tendency of the company towards the claims 0.766
G73 :The number of claims in the previous projects 0.738
TheCurrent Work Load (C.W.L)
G81 :The number of the current projects 0.81
G82 :The amount of the current projects 0.775
G83 :The type of the current projects 0.757
The Health and Safety Procedures (H.S)
G91 :The health and safety policy 0.83
G92 :The health and safety records in the previous projects 0.74
G93 :The health and safety training programs 0.70
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Figure4.3: AHP mode of contractors prequalification
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4.4.1 Main Criteria Weights

By following AHP steps described in the Section 4.4, the hierarchy of the problem can be

developed as shown in Figure 4.3. The decision-makers have to indicate preferences or

priorities for each decision alternative in terms of how it contributes to each criterion as
shown in Table 4.17.

Table 4.17: Pairwise comparison matrix of the prequalification criteria

P.P Exp F.S M.C TA R CCD CWw.L H.S

P.P 1 3 1/3 1/2 1/2 1 3 5 3
Exp 1/3 1 1 172 1/2 1/3 2 4 2
F.S 3 1 1 2 1 3 3 5 3
M.C 2 2 172 1 1/2 1 2 3 2
T.A 2 2 1 2 1 2 2 5 3
R 1 3 1/3 1 1/2 1 1 2 1
C.CD 1/3 1/2 1/3 1/2 1/2 1 1 1 1
CW.L 1/5 1/4 1/5 1/3 1/5 172 1 1 1
H.S 1/3 172 1/3 172 1/3 1 1 1 1

The calculations for these items will be explained next for illustration purposes.

Synthesizing the pairwise comparison matrix is performed by dividing each element of

the matrix by its column total. For example, the value 0.10 in the first row in Table 4.18 is

obtained by dividing 1 (from Table 4.17) by the sum of the first column items in Table

4.17 and so forth.

The priority vector in Table 4.18 can be obtained by finding the row averages. For

example, the priority vector of the "Past Performance” in Table 4.18 is calculated by
dividing the sum of the first row in Table 4.18 (0.10+.0.23+0.07+0.06+0.10
+0.09+0.19+0.18+0.18+0.13) by the number of criterion (columns), i.e., 9, in order to

obtain the value 0.13. The priority vectors for all the nine criteria indicated in Table 4.18,

is given below which represent their weights from the decision-makers viewpoint.
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Table 4.18: Synthesized matrix of the main criteria

Priority
PP Exp FS MC TA R CCD CwL
Vector

P.P 010 023 007 006 010 0.09 019 018 0.18 0.13
Exp 003 008 020 006 010 003 013 015 0.12 0.10
F.S 029 008 020 024 020 028 019 0.18 0.18 0.20
MC 020 015 010 012 010 0.09 0.13 011 012 0.12
TA 020 015 020 024 020 018 013 0.18 0.8 0.18
R 010 023 0.07 012 010 0.09 0.06 0.07  0.06 0.10
cCcD 003 004 007 006 010 0.09 0.06 0.04  0.06 0.06
Cw.L 002 002 004 004 004 005 0.06 0.04  0.06 0.04
H.S 0.03 004 007 006 007 009 0.06 0.04  0.06 0.06

The next step is to calculate the consistency ratio as follows:

1 3 1/3 1/2 1/2
1/3 1 1 1/2 1/2
3 1 1 2 1
2 2 1/2 1 1/2
0.13 2 +0.10 2 +0.20 1 +0.12 2 +.18 1
1 3 1/3 1 1/2
1/3 1/2 1/3 1/2 1/2
1/5 1/4 1/5 1/3 1/5
1/3 1/2 1/3 1/2 1/3
1 3 5 3 1.30
1/3 2 4 2 0.93
3 3 5 3 1.98
1 2 3 2 1.24
+0.10 2 +0.06 2 +0.04 5 +0.06 3 = 1.79
1 1 2 1 1.01
1 1 1 1 0.57
1/2 1 1 1 0.37
1 1 1 1 0.54

(Weighted sum matrix)
Dividing all the elements of the weighted sum matrices by their respective priority vector

element, we obtain:
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1.30 0.13 9.85
0.93 0.10 9.42
1.98 0.20 9.74
1.24 0.12 10.00
1.79 + 0.18 = 9.73
1.01 0.10 10.12
0.57 0.06 9.43
0.37 0.04 9.38
0.54 0.06 9.50

(A matrix)

Calculating A max by taking the average of all elements in A matrix as follows:

% max = (9.85+9.42+9.74+10.00+9.73+10.12 + 9.43+9.38 + 9.5)
9

- Amax =9.68
Now, we find the consistency index, Cl, as follows:
_ Amax-n
n-1
9.68-9
9-1

Selecting appropriate value of random consistency ratio, RI, for a matrix size of nine

- ClI

- ClI= =0.09

using Table 2.7, we find Rl = 1.45. Then the consistency ratio, CR, is calculated as
follows:

- R:g = % = 0.06.

RI 1.45
As the value of CR is less than 0.1, the judgments are acceptable. Similarly, the pairwise
comparison matrices and priority vectors for the remaining sub-criteria can be found as

shown in Tables 4.19 to 4.26 respectively.

Table 4.18 shows the weights of the main criteria of the prequalification process for the
contractors in Gaza Strip. The criteria were ranked according to its weight from highest to
lowest as the following:

1. The financial stability with weight equals 20%.

2. The technical ability with weight equals 18%.

3. The past performance with weight equals 13%.

4. The management capabilities with weight equal 12%.

5

. The experience with weight equals 10%.
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The reputation with weight equals 10%.
The claims and contractual disputes with weight equal 6%.

The health and safety procedure with weight equals 6%.

© © N o

The current workload with weight equals 4%.

The results indicated that the major decision criteria include financial stability; technical
ability; past performance; management capabilities; experience; and reputation of the
company. Thus, it is concluded that these six criteria are important and should be applied
when performing contractor prequalification practice.

It is also obvious from the findings that the financial stability obtained a reasonable
weight of 20% that agreed to some extent with previous studies conducted by Hatush &
Skitmore (1997a) and Sawalhi et al. 2007 (cited in Medoukh, 2008) with weights 20.5%
and 25% respectively. The researcher refers the relatively high weight of the financial to
the necessity for sound financial contractors in order to implement the projects and avoid
all kinds of risk such as insolvency and bankruptcy, which undoubtedly has negative

impact on the success of the project.

Moreover, the weights of the other criterion are reasonable and anticipated by the
researcher. The technical ability of the contractor is also has weight equals 18% which
indicates to the extent of its importance in the whole process and agreed also with Hatush
& Skitmore (1997a) where its weight was 19% excluding the weight of experience which
presented as sub criterion of weight 7.25% and that indicate the importance of the results

in this research.

The past performance significance has weight equals 13% and that agreed to some extent
with Holt et al. 1994 (cited in Sonmez et al. 2002) that reaches 19%. The management
capabilities has also considerable weight in this research reaches related 13% and that
agreed with Hatush & Skitmore (1997a) if sub criterion that related the past performance
and quality is excluded. Hence, the management capabilities are considered as milestone

criterion in the prequalification process.

It is noticed that the experience has a satisfactory weight equals 10% that meet to some
extent with that found by Hatush & Skitmore (1997a) where its weight was 7.25%. On
the other hand, the low weight of the criteria relevant to claims and contractual disputes

was anticipated due to the Palestinian culture in dealing with such issues in settling any

69

www.manaraa.com



claims and the absence of a judicial system specialized in the construction industry in
Gaza Strip. Moreover, most projects are with restricted budgets and subject to specific
terms and conditions of donors' policies. However, the results obtained is not widely
different from that found by Sawalhi et al. 2007 (cited in Medoukh, 2008) with weight
equals 1.6% as sub criterion as well as Holt et al. 1994 (cited in Sonmez et al. 2002)
with weight equals 2.6%. The slight increase in the weight of this criterion is attributed
to the prevailing situation Gaza Strip since June 2007 that forces most implementing
agencies to terminate its contracts with contractors and owners' mechanism in dealing

with the resulted claims.

It is noticed that the low weight of health and safety and this may refer to the weakness of
procedures adopted by clients towards their contractors and absence of awareness and
consequences of such issue. Due to the increase of accidents in construction industry in
Gaza strip in 2011, health and safety criteria must be reconsidered where the research
survey conducted in August 2009, so any future study must highlight on health and
safety.

In addition, the low weight of current workload refers to the nature of construction
industry in Gaza Strip where in most cases the main contractors subcontract significant
parts of their project with which lessens their workload and enables them to implement

any other project with normal capacity.

Finally, these results represent the opinion of the six professionals (Procurement
Analysts, Project Managers, and Consultants) who were interviewed in this study through

questionnaire (2), and not necessarily to be taken as a default values.

4.4.2 ThePast Performance Subcriteria Weight

The decision-makers indicated their preferences regarding the past performance
subcriteria as shown in Table 4.19.
Table 4.19 shows the weights of the subcriteria related to past performance of the
company. The subcriteria are ranked according to its weight from highest to lowest as the
following:

1. "The adherence to the contractual obligations” with weight equals 32%.

2. "The adherence to the specifications"” with weight equals 32%.

3. "The track record of the company" with weight equals 17%.

70

www.manaraa.com



4. "The adherence to the contractual period” weight equals 11%.
5. "The adherence to the allocated budget™ with weight equals 7%.
Table 4.19: Pairwise comparison matrix of the past performance subcriteria®
G11 G12 G13 Gi14 G15 Priority vector

Gl1 1 1/4 1/3 1/3 3 0.11

G12 4 1 1/2 3 5 0.32

G13 3 2 1 2 3 0.34

Gl4 3 1/3 1/2 1 2 0.17

G15 1/3 1/5 1/3 1/2 1 0.07

> =101

# X max = 5.38 , CI= 0.0955 , RI= 1.12, CR= 0.0853 < 0.1 OK.

4.4.3

The Experience Subcriteria Weight

The decision-makers indicated their preferences regarding the factors related to the past

performance as shown in Table 4.20.

Table 4.20: Pairwise comparison matrix of thefactorsrelated to the experience®

G21 G22 G223 G24 G25 G26 G27  G28 Priority vector

G21
G22
G23
G24
G25
G26
G27
G28

1 3 3 5 2 5 3 4 0.31
1/3 12 2 2 3 3 3 0.18
3 12 1 2 2 2 3 3 0.14
s 12 U2 1 12 1 2 2 0.08
2 12 U2 2 1 2 2 3 0.12
s 13 12 1 12 1 2 2 0.07
Y3 U3 U3 12 12 12 1 2 0.06
v4a U3 U3 12 13 12 12 1 0.04
> =10

# X max = 8.36, CI= 0.0516 , RI= 1.41 , CR= 0.0366 < 0.1 OK.

Table 4.20 shows the weights of the subcriteria related to experience of the company. The

subcriteria are ranked according to its weight from highest to lowest as the following:

1.

2
3
4.
5

"The number of similar projects” with weight equals 31%

"The type of projects implemented" with weight equals 18%.
"The amount of projects implemented" with weight equals 14%.
" The number of projects implemented” with weight equals 12%

" The ability to cope with the problems of implementation” with weight equals 8%
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6. " The ability to identify and manage risks™" with weight equals 7%

7. " The number of years in construction” with weight equals 6%

8. "The local experience of the company" with weight equals 4%.
444 TheFinancial Stability Subcriteria Weight

The decision-makers indicated their preferences regarding the factors related to the

financial stability as shown in Table 4.21

Table 4.21: Pairwise comparison matrix of thefactorsrelated to the financial stability®

Priority
G31 G32 G33 G34 G35
vector
G31 1 1/3 3 2 1/2 0.16
G32 3 1 5 5 5 0.50
G33 1/3 1/5 1 1/2 1/3 0.06
G34 1/2 1/5 2 1 1 0.11
G35 2 1/5 3 1 1 0.17

> =10

# X max = 5.26 , CI=0..0649 , RI= 1.12 , CR=0.058 < 0.1 OK.

Table 4.21 shows the weights of the subcriteria related to financial stability of the
company. The subcriteria were ranked according to its weight from highest to lowest as

the following:

=

"Liquidity of the company" with weight equals 50%

2. "Banking facilities provided by the company" with weight equals 17%
3. "Capital of the company" with weight equals 16%

4. "Annual Turnover" with weight equals 11%.

5. "Debt volume" with weight equals 6%.

445 TheManagement Capabilities Subcriteria Weight
The decision-makers indicated their preferences regarding the factors related to the
management capabilities as shown in Table 4.22.
Table 4.22 shows the weights of the subcriteria related to management capabilities of the
company. The subcriteria were ranked according to its weight from highest to lowest as
the following:

1. "Company organizational structure™ with weight equals 42%.

2. "Qualifications of the managerial staff" with weight equal 30%.
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3. "Availability of monitoring, tracking, and evaluation system" with weight equals
16%.

4. "The use of computerized systems in the management” with weight equals 8%.

5. "Existence of an integrated strategy for the company" with weight equals 4%.

Table 4.22: Pairwise comparison matrix of the factorsrelated to the management

capabilities®
G41 G42 G43 G44 G45 Priority vector
G41 1 2 3 5 9 0.42
G42 1/2 1 4 3 7 0.30
G43 1/3 1/4 1 3 5 0.16
G44 1/5 1/3 1/3 1 3 0.08
G45 1/9 /7 1/5 1/3 1 0.04

> =10

# X max =5.24, CI= 0..0606 , RI= 1.12, CR= 0.0541 < 0.1 OK.

446 TheTechnical Ability Subcriteria Weight

The decision-makers indicated their preferences regarding the factors related to the

Technical ability shown in Table 4.23.

Table 4.23: Pairwise comparison matrix of the factorsrelated to the technical ability?

G51 G52 G53 G54 G55 Priority vector
G51 1 3 2 5 7 0.41
G52 1/3 1 3 5 9 0.31
G53 1/2 1/3 1 2 7 0.17
G54 1/5 1/5 1/2 1 3 0.08
G55 1/7 1/9 1/7 1/3 1 0.03

> =10

# ) max = 5.80 , CI= 0..0805 , RI=1.12, CR=0.0718 < 0.1 OK.

Table 4.23 shows the weights of the subcriteria related to experience of the company. The
subcriteria were ranked according to its weight from highest to lowest as the following:
1. "Experience of the technical staff" with weight equals 41%.
2. "Number, type, and condition of equipment and machinery” with weight equal
31%.
3. "Number of the technical staff" with weight equals 17%.
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4. "Capital of equipment and machinery” with weight equals 8%.

5. "Technological means used in the implementation of projects” with weight equals 3%.

4.4.7 TheReputation Subcriteria Weight

The decision-makers indicated their preferences regarding the factors related to the

reputation shown in Table 4.24.

Table 4.24: Pairwise comparison matrix of the factorsrelated to the reputation®

G61 G62 G63 G64 G65 Priority vector
G61 1 1/3 2 1/2 1 0.13
G62 3 1 3 2 5 0.41
G63 1/2 1/3 1 1/2 1/3 0.09
G64 2 1/2 2 1 3 0.24
G65 1 1/5 3 1/3 1 0.13

> =10

# 2 max =5.28 , CI=0..0708 , RI= 1.12, CR= 0.0632 < 0.1 OK.

Table 4.24 shows the weights of the subcriteria related to reputation of the company. The

subcriteria were ranked according to its weight from highest to lowest as the following:

1.

no

> w

5.

4.4.8 The Claimsand Contractual Disputes Subcriteria Weight

"The previous relationship between the company and the owner" with weight

equals 41%

"The previous relationship between the company and other owners” with weight

equal 24%

"Company classification™ with weight equal 13%

""Size of the company™ with weight equals 13%

"The diversity of areas of specialization” with weight equals 9%

The decision-makers indicated their preferences regarding the factors related to the claims

and contractual disputes shown in Table 4.25.

Table 4.25 shows the weights of the subcriteria related to the claims and contractual

disputes. The subcriteria were ranked according to its weight from highest to lowest as

the following:

1.
2.
3.

"Company response in finding solutions to claims and disputes” with weight equals 49%

"Tendency of the company towards the claims™ with weight equals 31%

"Number of claims in the previous projects” with weight equals 20%
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Table 4.25: Pairwise comparison of the factorsrelated to the claimsand contractual
disputes’

G71 G72 G73 Priority vector
G71 1 2 2 0.49
G72 1/2 1 2 0.31
G73 1/2 1/2 1 0.20

> =10

# X max =3.05, CI= 0.0270 , RI= 0.58 , CR=.0466 < 0.1 OK.

449 TheCurrent Workload Subcriteria Weight

The decision-makers indicated their preferences regarding the factors related to the
current workload shown in Table 4.26.

Table 4.26: Pairwise comparison matrix of thefactorsrelated to the current workload?

G81 G82 G83 Priority vector
G81 1 2 3 0.52
G82 1/2 1 3 0.33
G83 1/3 1/3 1 0.14

> =10

% max = 3.05 , CI= 0.0269 , RI= 0.58 , CR=.0464 < 0.1 OK.
Table 4.26 shows the weights of the subcriteria related to the current workload of the

company. The subcriteria were ranked according to its weight from highest to lowest as
the following:

1. "Number of the current projects” with weight equals 52%

2. "Amount of the current projects™ with weight equals 33%

3. "Type of the current projects"” with weight equals 14%

4410 TheHealth and Safety Subcriteria Weight
The decision-makers indicated their preferences regarding the factors related to the health
and safety shown in Table 4.27.
Table 4.27 shows the weights of the subcriteria related to the health and safety. The
subcriteria were ranked according to its weight from highest to lowest as the following:
1. "Health and safety policy" with weight equals 52%
2. "Health and safety training programs" with weight equals 33%

3. "Health and safety records in the previous projects"” with weight equals 14%
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Table 4.27: Pairwise comparison matrix of thefactorsrelated to the health and safety®

Ga1 G92 G93 Priority vector
Go1 1 3 2 0.52
G92 1/3 1 1/3 0.14
G93 1/2 3 1 0.33

> =10

# X max = 3.05, CI= 0.0269 , RI= 0.58 , CR=.0464 < 0.1 OK.

Table 4.28: Theweights of main criteria and subcriteria based on AHP

Main Criteria Weight
G1 :Past Performance (P.P) 13%
G2 :Experience (Exp) 10%
G3 :Financial Stability (F.S) 20%
G4 :Management Capabilities (M.C) 12%
G5 :Technical ability (T.A) 18%
G6 :Reputation (R) 10%
G7 :Claims and contractual disputes (C.C.D) 6%
G8 :Current work load (C.W.L) 4%
G9 :Health and safety (H.S) 6%
> =100%
Subcriteria Past Performance (P.P)
G11 : Adherence to the contractual period 1.43%
G12 :Adherence to the specifications 4.16%
G13 :Adherence to the contractual obligations 4.42%
G14 :Track Record of the company 2.21%
G15 :Adherence to the allocated budget 0.91%
> =13%
Subcriteria Experience (Exp)
G21 :Number of similar projects 3.1%
G22 :Type of projects implemented 1.8%
G23 :Amount of projects implemented 1.4%
G24 :Ability to cope with the problems of implementation 0.8%
G25 :Number of projects implemented 1.2%
G26 :Ability to identify and manage risks 0.7%
G27 :Number of years in construction 0.6%
G28 :Local experience of the company 0.4%
> =10%

76

www.manaraa.com



Subcriteria Financial Stability (F.S)
G31 :Capital of the company 3.20%
G32 :Liquidity of the Company 10.00%
G33 :Debt volume 1.20%
G34 :Annual Turnover 2.20%
G35 :Banking Facilities 3.40%
D =20%
Subcriteria Management Capabilities(M.C)
G41 :Company organizational structure 5.04%
G42 :Qualifications of the managerial staff 3.60%
G43 :Availability of monitoring , tracking, and evaluation system 1.92%
G44 :The use of computerized systems in the Management 0.96%
G45 : Existence of an integrated strategy for the company 0.48%
D =12%
Subcriteria Technical ability (T.A)
G51 :The experience of the technical staff 7.38%
G52 :The number , type , and condition of equipment and machinery 5.58%
G53 :The number of the technical staff 3.06%
G54 :Capital of equipment and machinery 1.44%
G55 :Technological means used in the implementation of projects 0.54%
D =18%
Subcriteria Reputation (R)
G61 :Company classification 1.30%
G62 :The previous relationship between the company and the owner 4.10%
G63 :The diversity of areas of specialization 0.90%
G64 :The previous relationship between the company and other owners 2.40%
G65 :Size of the company 1.30%
D =10%
Subcriteria Claims and contractual disputes (C.C.D)
G71 :Company response in finding solutions to claims and disputes 2.94%
G72 :The tendency of company towards the claims 1.86%
G73 :Number of claims in the previous projects 1.20%
> =6%
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Subcriteria Current work load (C.W.L)

G81 :Number of current projects 2.08%
G82 :Amount of current projects 1.36%
G83 :Type of current projects 0.56%

D =4%

Subcriteria Health and safety (H.S)

G91 :Health and safety policy 3.12%
G92 :Health and safety records in the previous projects 0.84%
G93 : Health and safety training programs 2.04%

D .=6%

4.5 Conclusions
From the results obtained, analyzed, and discussed, the researcher concludes that:
1) Regarding the part of organization profile:
= |t is clear that the building constitutes 34% of the implemented projects, waters
and wastewater are 30%, and roads are 30%. On the other hand, the other projects
constitute 9%.
= QOver the past five years, 49 % of executed projects are of large-scale projects.
= The results indicate the importance of the respondents to enrich the survey in
order to achieve the objective of this research.
= Respondents of the questionnaire are long-experienced in construction business
where 75% of them have been in this field for more than 10 years.
= Hence, this result indicates that PCU classification is essential for all the targeted
organizations in Gaza Strip where 55% stated they always depend on it while 45%
stated they often depend on it.
= The results shows 40% of the respondents' organizations sometimes exercise the
prequalification process, 45% rarely exercise the prequalification process, and
15% never exercise the prequalification process. The results show high tendency
toward exercising the prequalification process.
2) Regarding the part of the prequalification criteria, the criteria were ranked from the

highest to lowest according to the relative importance index as follows:
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"The past performance of the company" has been ranked in the first position with
relative importance index 88% and this agreed with the findings of previous studies
conducted by Alfred (2006), Ng and Skitmore (1999), and Bubshait and Al-Gobali
(1996).

"The experience of the company” has been ranked in the second position with
relative importance index 85% and this agreed with the previous studies conducted
by Alfred (2006), Ng and Skitmore (1999), and Bubshait and Al-Gobali (1996).
"The financial stability of the company" has been ranked in the third position with
relative importance index 84%. This result agreed with several previous studies
such that conducted by Alfred (2006) in 15 African countries, 4 Asian countries,
and 2 South American countries; Tarawneh (2004) in Jordan; Ng and Skitmore
(2000) in UK; Ng and Skitmore (1999) in UK; Khosrowshahi (1999) in UK; and
Bubshait and Al-Gobali (1996) in Kingdom of Saudi Arabia.

"The reputation of the company" has been ranked in the forth position with relative
importance index 80%. This result agreed with the findings of previous studies
conducted by Alfred (2006), and Ng and Skitmore (1999).

"The claims and contractual disputes™ has been ranked in the fifth position with
relative importance index 79%. This result indicates the importance of the claims
and contractual disputes in the prequalification process where RIl equals 80%
while Ng and Skitmore (2000) found RIlI 72%. The researcher refers this increase
in RII to the latest situation in Gaza Strip due to the siege that forces most the
owners to terminate the projects and enter in claims stage with contractors.

"The management capabilities of the company" has been ranked in the sixth
position with relative importance index 79%. This result agreed with previous
studies conducted by Ng and Skitmore (2000), Ng and Skitmore (1999), Bubshait
and Al-Gobali (1996).

"The technical ability of the company" has been ranked in the seventh position with
relative importance index 77%. The result indicates the importance of technical
abilities of the company.

"The current workload of the company” has been ranked in the eighth position
with relative importance index 77% and this agreed with the study conducted by
Tarawnah (2004).
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"The health and safety procedures in the company” has been ranked in ninth with
relative index 0.76 and this agreed with several previous studies conducted by
Alfred (2006), Ng and Skitmore (2000), and Ng and Skitmore (1999).

3) Regarding the part of the weight of the prequalification criteria, the criteria were

ranked from the highest to lowest according to their weights as follows:

"The financial stability” weight equals 20%.

"The technical ability" weight equals 18%.

"The past performance” weight equals 13%.

"The management capabilities” weight equal 12%.

"The experience" with weight equals 10%.

"The reputation™ with weight equals 10%.

"The claims and contractual disputes"” with weight equal 6%.
"The health and safety"” with weight equals 6%.

"The current workload" with weight equals 4%.

The findings indicated that the major decision criteria include financial stability; technical

ability; past performance; management capabilities; experience; and reputation of the

company. Thus, it is concluded that these six criteria are important and should be adopted

when performing contractor prequalification practice.

Moreover, the results indicated that 13 out 42 of the subcriteria have weight equals

60.16%, which indicates their importance. These top thirteen subcriteria of weight> 3%

were ranked from the highest to lowest according to their weights as follows:

"The Liquidity of the company" weight equals 10%.

"The experience of the technical staff " weight equals 7.38%

"The number , type , and condition of equipment and machinery” weight equals
5.58%

"The company organizational structure” weight equals 5.04%

"The adherence to the contractual obligations” weight equals 4.42%

"The adherence to the specifications™ weight equals 4.16%

" The previous relationship between the company and the owner" weight equals
4.10%

" The qualifications of the managerial staff" weight equals 3.60%

"The banking facilities" weight equals 3.40%
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" The capital of the company" weight equals 3.2%

" The health and safety policy" weight equals 3.12%

" The number of similar projects” weight equals 3.1%

"The number of the technical staff" weight equals 3.06%
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CHAPTER FIVE
CASE STUDY

This chapter presents the results of a case study regarding large construction project in
Gaza Strip. The researcher used this case in order to present the application of AHP in the

prequalification process in Gaza Strip construction industry.

5.1 Project Background

The implementing agency advertised in 2005 an invitation for prequalification in the local
newspapers in order to prequalify contractors to implement this project. Twelve
contractors submitted their documents to the prequalification process.

The implementing agency adopted three main criteria, namely, legal status of the
company, managerial and technical team, and financial and technical situation of the
company and equipment. Table 5.1 shows the main and subcriteria and their weights as

proposed by the implementing agency.

Table 5.1: Main criteria and subcriteria weights from the implementing agency viewpoint

Criteria Subcriteria Weight
1. Commercial registration of the company (COR) 1%
Leg(;l tshtzlus 2. Record of the company tax (RT) 2%
company 3. Contractors union classification (CUC) 2% 10%
(LS 4. Tax clearance statement (TC) 3%
5. Projects similar to the nature of the project (PS) 2%
1. Engineer (En) 5%
Managerial | 2. Foreman (F) 2%
and technical | 3. Secretary (S) 2% 15%
team 4. Accountant (AC) 2%
(MT) 5. Skilled laborer (SL) 2%
6. Unskilled laborer (USL) 2%
1. Financial status of the company (FST) 35%
. . 2. Amount of implemented projects in the last three years 10%

Fi nanugl (AIP) 506 )
ag?ut;(i:gg'g? 3. Good performapce certificate in previous project (GPC) 5% 5%
the company 4. Number of ava!lable trucks (NAT) 5%

(FTS) 5. Number of available loaders (NAL) 15%
6. Contractors past performance in implementing agency
projects and others (CPP)
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Moreover, the implementing agency adopted basis for the evaluation process as follows:

1. The project activities are mainly transport and technical requirements are limited
to safety measures.

2. It was clear that the prequalification is meant to assure mainly the financial
capacity of the participating firm and their legal.

3. The Technical and administrative team was graded 10 out of 15 for all firms if
there is no CVs or Contracts.

4. 1t was considered that the letter from supervisory firm or consultants in connection
with the projects’ achievements to be the recommendation letters for the firm.

5. Bank letter with reservations (acceptable collateral and irrecoverable of
assignment of payments) was graded 10 out of 35 for all such cases. Such
guarantee was agreed to be worthless in comparison with other statements.

6. It was agreed that the evaluation for trucks and loaders will be based on:

a. Availability of statements & supporting documents that meet the add
requirements.
b. Availability of contracts for the rented trucks & loaders and their maintenance

7. The contractor will be qualified if he obtains more or equal 70 scores.

Table 5.2 shows the necessary data regarding the case study where twelve contractors
wish to be prequalified. It is clear that each contractor submitted the available
requirements in order to be prequalified for the project.

5.2Application of AHP to the Case Study

In this section, the researcher used AHP in order to prequalify the submitted contractors.
This process conducted throulgh three steps. The first step is determining the weights of
main and subcriteria of the case study is calculated by using AHP in order to be used later
in the prequalification of the contractors. The second step is pairwise comparison between
all contractors with respect to the main and subcriteria. The third step is determining the
overall weight of all the contractors in order to determine the best contractors to
participate in the tender process.
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Table5.2: Contractors data

C Legal statusof the Technical and Financial and technical
ontractor . o
company managerial team situation of the company
- Submitted commercial Technical & Managerial | - US$ 2,558,000 without
registration of the team: reservation bank facility
company 1. Project manager (1) | - US$ 5000,000
- Submitted Record of the | 2. Project engineer (1) | implemented projects in
company tax 3. Office engineer (1) the last three years
C1 - Classification: Grade 1A | 4. Foreman (1) - Submitted six good
in roads and 1A in 5. Skilled & unskilled | performance certificate
construction (30) - 20 rented trucks
- Submitted Tax clearance | 6. Secretary (1) - 2 rented loaders
statement 7. Accountant (1) - Excellent past
- Three similar projects performance in owner’s
projects and others
- Submitted commercial Technical & Managerial | -US$ 1,000,000 with
registration of the team: reservation bank facility
company 1. Project manager (1) | -US$ 7,500,000
- Submitted Record of the | 2. Project engineer (1) | implemented projects in
company tax 3. Office engineer (1) the last three years
C2 - Classification: Grade 3 | 4. Foreman (1) -Submitted three good
in roads and 1A in 5. Skilled & unskilled | performance certificates
construction (30) -38 rented trucks
- Submitted Tax clearance | 6. Secretary (1) -3 rented loaders
statement 7. Accountant (1) -Satisfactory past
- Three similar projects performance in owner’s
projects and others
- Submitted commercial Technical & Managerial | -US$ 552,000 with
registration of the team: reservation bank facility
company 1. Project manager (1) | -US$ 1,500,000
- Submitted Record of the | 2. Project engineer (1) | implemented projects in
company tax 3. Office engineer (1) the last three years
C3 - Classification: Grade 2 4. Foreman (1) -Submitted one good
inroads and 1A in 5. Skilled & unskilled | performance certificate
construction (30) -10 rented trucks
- Submitted Tax clearance | 6. Secretary (1) -2 rented loaders
statement 7. Accountant (1) -Excellent past
- One similar projects performance in owner’s
projects and others
-Submitted commercial Technical & Managerial | -US$ 5,000,000 without
registration of the team: reservation bank facility
company 1. Project manager (1) | -US$ 43,000,000
- Submitted Record of the | 2. Project engineer (1) | implemented projects in
company tax 3. Office engineer (1) the last three years
C4 - Classification: Grade 2 4. Foreman (1) -Submitted five good
inroads and 1A in 5. Skilled & unskilled | performance certificates
construction (30) -23 rented trucks
- Submitted Tax clearance | 6. Secretary (1) -2 rented loaders
statement 7. Accountant (1) -Excellent past
- Six similar projects performance in owner’s
projects and others
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Contractor

Legal statusof the
company

Technical and
managerial team

Financial and technical
situation of the company

-Submitted commercial
registration of the

Technical & Managerial
team:

-US$ 1,5000,000 with
reservation bank facility

company 1. Project manager (1) |-US$ 1,180,000
- Submitted Record of the | 2. Project engineer (1) | implemented projects in
company tax 3. Office engineer (1) the last three years
C5 - Classification: Grade 3 4. Foreman (1) -Submitted two good
in roads and 1A in 5. Skilled & unskilled | performance certificates
construction (30) -25 rented trucks
- Submitted Tax clearance | 6. Secretary (1) -4 rented loaders
statement 7. Accountant (1) -Satisfactory past
- One similar projects performance in owner’s
projects and others
Submitted commercial Technical & Managerial | -US$ 1,000,000 with
registration of the team: reservation bank facility
company 1. Project manager (1) | -US$ 6,000,000
- Submitted Record of the | 2. Project engineer (1) | implemented projects in
company tax 3. Office engineer (1) the last three years
C6 - Classification : Grade 4. Foreman (1) -Submitted five good
1A in roads and 1A in 5. Skilled & unskilled | performance certificates
construction (30) -50 rented trucks
- Submitted Tax clearance | 6. Secretary (1) -6 rented loaders
statement 7. Accountant (1) -Excellent past
-Three similar projects performance in owner’s
projects and others
-Submitted commercial Technical & Managerial | -US$ 1,000,000 with
registration of the team: reservation bank facility
company 1. Project manager (1) | -US$ 6,260,000
- Submitted Record of the | 2. Project engineer (1) | implemented projects in
company tax 3. Office engineer (1) the last three years
Cc7 - Classification: Grade C | 4. Foreman (1) -Submitted five good
inroads and 1A in 5. Skilled & unskilled | performance certificates
construction (30) -180 rented trucks
- Submitted Tax clearance | 6. Secretary (1) -10 rented loaders
statement 7. Accountant (1) -Very good past
- One similar projects performance in owner’s
projects and others
-Submitted commercial Technical & Managerial | -US$ 1,000,000 with
registration of the team: reservation bank facility
company 1. Project manager (1) | -US$ 5,870,,000
- Submitted Record of the | 2. Project engineer (1) | implemented projects in
company tax 3. Office engineer (1) the last three years
- Classification: Grade 2 4. Foreman (1) -Submitted three good -
C8 in roads and 1A in 5. Skilled & unskilled | performance certificates
construction (30) -170 rented trucks
- Submitted Tax clearance | 6. Secretary (1) -20 rented loaders

statement
- Three similar projects

7. Accountant (1)

-Excellent past
performance in owner’s
projects and others
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Contractor

Legal statusof the
company

Technical and
managerial team

Financial and technical
situation of the company

-Submitted commercial
registration of the

Technical & Managerial
team:

-US$1,000,000 without
reservation bank facility

company 1. Project manager (1) | -US$ 12,000,000
- Submitted Record of the | 2. Project engineer (1) | implemented projects in
company tax 3. Office engineer (1) the last three years
C9 - Classification 1A in 4. Foreman (1) -Submitted two good
roads and 1A in 5. Skilled & unskilled | performance certificates
construction (30) -31 rented trucks
- Submitted Tax clearance | 6. Secretary (1) -10 rented loaders
statement 7. Accountant (1) -Excellent past
- One similar project performance in owner’s
projects and others
-Submitted commercial Technical & Managerial | -US$ 1,000,000 without
registration of the team: reservation bank facility
company 1. Project manager (1) | -US$ 1,270,000
- Submitted Record of the | 2. Project engineer (1) | implemented projects in
company tax 3. Office engineer (1) the last three years
C10 - Classification : Grade 3 | 4. Foreman (1) -Submitted two good
inroads and 1A in 5. Skilled & unskilled | performance certificates
construction (30) -49 rented trucks
- Submitted Tax clearance | 6. Secretary (1) -4 rented loaders
statement 7. Accountant (1) -Excellent past
- One similar project performance in owner’s
projects and others
-Submitted commercial Technical & Managerial | -US$ 1,000,000 with
registration of the team: reservation bank facility
company 1. Project manager (1) | -US$ 500,000
- Submitted Record of the | 2. Project engineer (1) | implemented projects in
company tax 3. Office engineer (1) the last three years
C11 - Classification: Grade 1A | 4. Foreman (1) -Submitted four good
in roads and 1A in 5. Skilled & unskilled | performance certificates
construction (30) -51 rented trucks
- Submitted Tax clearance | 6. Secretary (1) -8 rented loaders
statement 7. Accountant (1) -Satisfactory past
- Three similar project performance in owner’s
projects and others
-Submitted commercial Technical & Managerial | -US$ 1,000,000 with
registration of the team: reservation bank facility
company 1. Project manager (1) | -US$ 2,370,000
- Submitted Record of the | 2. Project engineer (1) | implemented projects in
company tax 3. Office engineer (1) the last three years
c12 - Classification : Grade B | 4. Foreman (1) ' -Submitted three good
construction (30) -36 rented trucks
- Submitted Tax clearance | 6. Secretary (1) -6 rented loaders

statement
- One similar project

7. Accountant (1)

-Good past performance
in owner’s projects and
others
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5.2.1 Determining the Weightsby AHP

In this step, the researcher used the data set by the implementing agency in Table 5.1 to
determine the weights by using AHP. Accordingly, the priorities were set according to
Table 2.6 and the weights of the main criteria were calculated as shown in Table 5.3. In
addition, Tables 5.4, 5.5, and 5.6 shows the weights of legal status, managerial and

technical team, and financial and technical situation subcriteria.

Table5.3: Pairwise comparison matrix regarding the main criteria®

Priority vector

LS MTT FTS :
(weight)
LS 1 1/2 1/7 0.092
MTT 2 1 1/6 0.154
FTS 7 6 1 0.755
>°=1.001

& L max = 3.03, CI=0.02, RI= 0.58, CR= .03 < 0.1 OK.

Table5.4: Pairwise comparison matrix regarding legal status of the company?®

Priority vector

COR RT cuc TC PS
(weight)
COR 1 1/2 1/2 1/3 1/2 0.098
RT 2 1 1 1/2 1 0.184
cuc 2 1 1 1/2 1 0.184
TC 3 2 2 1 2 0.349
PS 2 1 1 1/2 1 0.184
> =0.999

&\ max = 5.01, Cl= 0.003, RI= 1.12, CR= 0.002 < 0.1 OK.

Table5.5: Pairwise comparison matrix for managerial and technical team?

Priority vector

En F S AC sL  usL (weight)
En 1 3 3 3 3 3 0.375
F 1/3 1 1 1 1 1 0.125
S 1/3 1 1 1 1 1 0.125
AC 1/3 1 1 1 1 1 0.125
s 1/3 1 1 1 1 1 0.125
usL 1/3 1 1 1 1 1 0.125
> =10

& A max = 6.0, CI= 0.0, Rl=1.24, CR=0.0 < 0.1 OK.
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Table5.6: Pairwise comparison matrix regarding the financial and technical situation®

Priority vector

FST  AIP GPC NAT NAL CPP (weight)
FST 1 4 7 7 7 3 0.486
AIP 1/4 1 2 2 2 1/2 0.122
GPC 1/7 1/2 1 1 1 1/3 0.065
NAT 17 1/2 1 1 1 1/3 0.065
NAL 17 1/2 1 1 1 1/3 0.065
CPP 1/3 2 3 3 3 1 0.197

> =10

& X max = 6.02, CI=0.004, RI= 1.24, CR=0.003 < 0.1 OK.

Table 5.7 shows the weights of main criteria and subcriteria adopted by the implementing
agency based on AHP and considering the weights that indicated in Table 5.1 in order to
set the priorities. It is clear that the weight that was calculated by AHP is close to great
extent with that adopted by the implementing agency as shown in Table 5.1. Hence, this
result confirms the importance of using AHP in setting the main and subcriteria weight,
which will be very important in the first stages in the prequalification process.

Tableb5.7: Main criteria and subcriteria weights based on AHP

Criteria Subcriteria Weight
1. Commercial registration of the company (COR) 0.90%
2. Record of the company tax (RT) 1.70%
Lt?]%a(lzostmalgiof 3. Contractors union classification (CUC) 1.70% 9.20%
L Sp Y| 4. Tax clearance statement (TC) 3.2% eI
(LS) 5. Projects similar to the nature of the project (PS) 1.70%
1. Engineer (En) 5.80%
Manage”a] 2. Forman (F) 1.90%
and technical | 3. Secretary (S) 1.90% | 1c 404
team 4. Accountant (AC) 1.90% '
(MT) 5. Skilled laborer (SL) 1.90%
6. Unskilled laborer (USL) 1.90%
1. Financial status of the company (FST) 36.7%
Financial and 2 AArTI\Igunt of implemented projects in the last three years SiiZQ%j/o
technical (AIP) o : : o | 75.5%
Stuation of the 3. Good performa_nce certificate in previous project (GPC) 4.9%
4. Number of available trucks (NAT) 4.9%
company 5.  Number of available loaders (NAL) 14.9%
(FTS 6. Contractors past performance in owner projects and
others (CPP)
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5.2.2 Pairwise Comparison of the Contractors

In this step, the researcher used the contractors data indicated in Table 5.2 to start up in

pairwise comparison with the three main criteria and subcriteria based on AHP approach.

5.2.2.1 Pairwise Comparison with Respect to the Legal Status

Tables 5.8, 5.9, 5.10, and 5.11 showed the contractors pairwise comparison regarding the
legal status of the company. The twelve contractors were pairwise compared to obtain
their priority vector (weight) with respect to the legal status of the company. The results
of the commercial registration of the company, the record of the company tax, and tax
clearance statement have the same priority vector since the companies provided the
requirements as shown in Table 5.8 below.

Table5.8: Contractors pairwise comparison with respect to the commercial registration of

the company?

Cl C2 C3 C4 C5 C6 C7 C8 C9 C10 Ci1 C12 Priority Vector

ct 1 1 1 1 1 1 1 1 1 1 1 1 0.0833
cc 1 1 1 1 1 1 1 1 1 1 1 1 0.0833
c3 1 1 1 1 1 1 1 1 1 1 1 1 0.0833
c4 1 1 1 1 1 1 1 1 1 1 1 1 0.0833
cs 1 1 1 1 1 1 1 1 1 1 1 1 0.0833
c6e 1 1 1 1 1 1 1 1 1 1 1 1 0.0833
cz? 1 1 1 1 1 1 1 1 1 1 1 1 0.0833
cg 1 1 1 1 1 1 1 1 1 1 1 1 0.0833
co 1 1 1 1 1 1 1 1 1 1 1 1 0.0833
co 1 1 1 1 1 1 1 1 1 1 1 1 0.0833
ct1 1 1 1 1 1 1 1 1 1 1 1 1 0.0833
cz 1 1 1 1 1 1 1 1 1 1 1 1 0.0833
> =1.00

& A max = 12, CI= 0.0, RI= 1.49, CR= 0.0 < 0.1 OK.

Table 5.9 shows that the contractors with classification A, B, and C in roads have weights

13.93%, 8.01%, and 3.07% respectively, which prove the soundness of the judgment.
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Table 5.9: Contractors pairwise comparison with respect to the classification of contractors

union*

Cl C2 C3 C4 C5 C6 C7r C8 C9 Ci10 Cl11 Ci12 Priority Vector

C1
C2
C3
C4
C5
C6
C7
C8
C9
C10
Cla
C12

1
1/4
1/2
1/2
1/4

1
1/4
1/2

1
1/4

1
1/2

N

WA P A WP DP®WR

2
1/3
1
1
1/3

1/3

1/3

2
1

2
1/3
1
1
1/3

1/3

1/3

2
1

D

W AP A WOWPE MNP PR

1
1/4
1/2
1/2
1/4

1
1/4
1/2

1
1/4

1
1/2

D

w PP MO, AR, OOW®WRE

2
1/3

1
1/4
1/2
1/2
1/4

1
1/4
1/2

1
1/4

1
1/2

D

W AP MO AR OOW®WRE

1
1/4
1/2
1/2
1/4

1
1/4
1/2

1
1/4

1
1/2

2
1/3

0.1393
0.0307
0.0801
0.0801
0.0307
0.1393
0.0307
0.0801
0.1393
0.0307
0.1393
0.0801

> =1.00

& A max = 12.07, CI= 0.1, RI= 1.49, CR= 0.00 < 0.1 OK.

Table 5.10 shows the priority vector of the twelve contractors with respect to projects that

are similar in nature.

Table 5.10: Contractors pairwise comparison with projectssimilar in natur e

ClL C2 C3 C4 C5 C6 C7 C8 C9 CI0 Cll Cl2 Priority Vector
¢t 1 1 38 12 3 1 3 1 3 3 1 3 0.1111
¢cz 1 1 3 12 3 1 3 1 3 3 1 3 0.1111
c3 113 113 1 16 1 13 1 13 1 1 13 1 0.0370
¢4 2 2 6 1 6 2 6 2 6 6 2 6 0.2222
cs 13 1/3 1 16 1 13 1 13 1 1 13 1 0.0370
c6e 1 1 3 12 3 1 3 1 3 3 1 3 0.1111
Cr 13 113 1 16 1 13 1 13 1 1 13 1 0.0370
¢cg 1 1 3 12 3 1 3 1 3 3 1 3 0.1111
co 1/3 113 1 16 1 13 1 13 1 1 13 1 0.0370
Cl0 1/3 1¥3 1 16 1 13 1 13 1 1 13 1 0.0370
¢cnm 1 1 3 12 3 1 3 1 3 3 1 3 0.1111
Ciz 1/3 13 1 16 1 13 1 13 1 1 13 1 0.0370
> =1.00

&\ max = 12.00, CI= 0.00, RI= 1.49, CR=0.00 < 0.1 OK.
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Table5.11: Contractors pairwise comparison with respect to thelegal status of the company

COR RT cucC TC PS
Priority Vector
(0.10) (0.18) (0.18) (0.35) (0.18) (Weight)
C1 0.0833 0.0833 0.1393 0.0833 0.1111 0.0988
Cc2 0.0833 0.0833 0.0307 0.0833 0.1111 0.0787
C3 0.0833 0.0833 0.0801 0.0833 0.037 0.0742
C4 0.0833 0.0833 0.0801 0.0833 0.2222 0.1083
C5 0.0833 0.0833 0.0307 0.0833 0.037 0.0651
C6 0.0833 0.0833 0.1393 0.0833 0.1111 0.0988
Cc7 0.0833 0.0833 0.0307 0.0833 0.037 0.0651
C8 0.0833 0.0833 0.0801 0.0833 0.1111 0.0878
C9 0.0833 0.0833 0.1393 0.0833 0.037 0.0851
C10 0.0833 0.0833 0.0307 0.0833 0.037 0.0651
Cl11  0.0833 0.0833 0.1393 0.0833 0.1111 0.0988
C12  0.0833 0.0833 0.0801 0.0833 0.037 0.0742
> =1.00

Table 5.11 summarizes the weights of each contractor with respect to the legal status of
the company based on the individual priority vector in each subcriterion relevant to the
legal status of the company. However, it is clear that the results are relatively close and
that attributed to fact of easiness of providing such requirements. The differences are

attributed to differences in classification and number of similar projects.

5222  Pairwise Comparison with Respect to the Managerial and Technical
Team of the Company

Table 5.12 shows the comparison of all contractors in pairwise comparison regarding the
managerial and technical team of the company. The twelve contractors were pairwise
compared to obtain their priority vector with respect to the managerial and technical team
of the company. It is clear that all contractors have the same priority vector where they
provided all the requirement of the owner in this regard.
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Table5.12: Contractors pairwise comparison with respect to managerial and technical

team?®
Cl C2 C3 C4 C5 C6 C7r C8 C9 Cl10 C11 C12 Priority Vector
Ci1 1 1 1 1 1 1 1 1 1 1 1 1 0.0833
c2 1 1 1 1 1 1 1 1 1 1 1 1 0.0833
Cc3 1 1 1 1 1 1 1 1 1 1 1 1 0.0833
C4 1 1 1 1 1 1 1 1 1 1 1 1 0.0833
Cs5 1 1 1 1 1 1 1 1 1 1 1 1 0.0833
ce 1 1 1 1 1 1 1 1 1 1 1 1 0.0833
cr 1 1 1 1 1 1 1 1 1 1 1 1 0.0833
cg 1 1 1 1 1 1 1 1 1 1 1 1 0.0833
co 1 1 1 1 1 1 1 1 1 1 1 1 0.0833
Ci0 1 1 1 1 1 1 1 1 1 1 1 1 0.0833
Cil1 1 1 1 1 1 1 1 1 1 1 1 1 0.0833
Ciz 1 1 1 1 1 1 1 1 1 1 1 1 0.0833

> =1.00

& A max = 12.00, Cl=0.00, RI= 1.49, CR=0.00 < 0.1 OK.

5.2.2.3 Pairwise Comparison with Respect to the Financial and Technical Situation

of the Company

The twelve contractors were pairwise compared to obtain their priority vector with respect to

the financial and technical situation of the company as shown in Tables 5.13 to 5.19.

Table 5.13: Contractors pairwise comparison with financial status of the company?

Cl C2 C3 C4 C5 C6 C7 C8 C9 Cl10 Cl11 Cl12 Priority Vector
Cl 1 7 7 12 7 7 7 7 2 2 7 7 0.210
cz2 17 1 1 19 1 1 1 1 15 155 1 1 0.029
C3 17 1 1 19 1 1 1 1 15 155 1 1 0.029
c4 2 9 9 1 9 9 9 9 2 2 9 9 0.277
Cs5 17 1 1 19 1 1 1 1 15 155 1 1 0.029
ce 17 1 1 19 1 1 1 1 15 155 1 1 0.029
Cr 1ur 1 1 19 1 1 1 1 15 1/5 1 1 0.029
c8 17 1 1 19 1 1 1 1 15 1/5 1 1 0.029
C9 12 5 5 12 5 5 5 5 1 1 5 5 0.140
C10 12 5 5 12 5 5 5 5 1 1 5 5 0.140
Ci1 u7r 1 1 19 1 1 1 1 1/5 1/5 1 1 0.029
C1z 17 1 1 19 1 1 1 1 1/5 1/5 1 1 0.029

> =0.999

& A max = 12.03, Cl= 0.003, RI= 1.49, CR= 0.002 < 0.1 OK.
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Table5.14: Contractors pairwise comparison with amount of implemented projectsin the
last three years®

Cl C2 C3 C4 C5 C6 C7 C8 C9 C10 Ci1 Ci12 Priority Vector

ClL 1 12 3 U7 4 12 12 12 14 4 9 3 0.059
c2 2 1 5 15 7 2 2 2 13 6 9 4 0.107
C3 13 15 1 19 2 14 14 U4 18 2 3 1/2 0.025
c4 7 5 9 1 9 7 6 7 4 9 9 9 0.321
C5 4 U7 12 19 1 15 15 U5 19 12 3 1/2 0.018
c6e 2 Y2 4 yr 5 1 12 2 12 5 9 3 0.080
cr 2 Y2 4 16 5 2 1 2 13 5 9 3 0.087
c8 2 V2 4 yr 5 12 12 1 13 5 9 3 0.071
c9 4 3 8 14 9 2 3 3 1 9 9 6 0.167
Cl0 14 16 12 1/9 2 15 1/5 1/5 1/9 1 3 1/3 0.020
clu1 19 19 13 1/9 13 19 1/9 1/9 19 13 1 1/5 0.011
Cl2 13 14 2 1/9 2 13 1/3 13 16 3 5 1 0.034

> =1.00

& A max = 12.93, CI=0.08, RI= 1.49, CR= 0.06 < 0.1 OK.

Table 5.15: Contractors pairwise comparison regarding good performance in previous
projects®

Cl C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 Ci12 Priority Vector

ct 1 2 6 2 3 2 2 2 3 3 2 2 0.167
C2 12 1 3 12 2 12 12 1 2 2 12 1 0.070
C3 1/6 13 1 1/5 12 U5 1/5 13 12 12 14 13 0.023
c4 12 2 5 1 3 1 1 2 3 3 2 2 0.127
C5 13 12 2 13 1 VU3 13 12 1 1 12 112 0.042
C6 172 5 1 3 1 1 3 3 2 2 0.127
C7 112 5 1 3 1 1 3 3 2 2 0.127
C8 1/2 3 12 2 12 12 2 2 12 1 0.070
COo 13 12 2 13 1 U3 13 12 1 1 12 112 0.042
Clo 1/3 12 2 13 1 U3 13 12 1 1 12 112 0.042
Ci1 12 2 4 12 2 12 12 2 2 2 1 2 0.093
Cl2 1/2 1 3 12 2 12 12 1 2 2 12 1 0.070

> =1.00

&\ max = 12.19, Cl= 0.02, RI= 1.49, CR=0.01 < 0.1 OK.
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Table 5.16: Contractor s pairwise comparison number of available trucks®

Cl C2 C3 C4 C5 C6 C7 C8 C9 CIl0O CIl C12 Priority Vector

CiL 1 12 2 1 12 U3 19 U8 1/2 13 13 112 0.026
c2 2 1 4 2 2 U215 U5 2 12 12 1 0.055
C3 12 v4 1 13 13 15 1/9 19 13 15 1/5 1/4 0.016
C4 1 12 3 1 1 12 18 U8 12 12 12 112 0.033
Cs5 2 12 3 1 1 12 U7 U7 12 12 12 112 0.036
c6 3 5 2 2 1 14 14 2 1 1 0.078
c7 9 9 8 7 1 1 6 0.252
cs 8 9 8 7 4 1 1 6 4 4 0.249
cCO 2 12 3 2 2 12 16 16 1 12 112 0.046
Cl0 3 5 2 2 1 14 us 2 1 1/2 0.071
cii 3 5 2 2 1 14 14 2 1/2 0.071
C12 2 4 2 2 12 15 15 1 2 1 0.067

> =1.00

& X max = 12.4, Cl= 0.04, RI= 1.49, CR= 0.02 < 0.1 OK.

Table 5.17: Contractors pairwise comparison number of available loader s*

ClL C2 C3 C4 C5 C6 C7 C8 C9 Cl0 Cll Ci2 Priority Vector
ci 1 12 1 1 12 13 15 19 15 12 14 1/3 0.025
C2 2 1 2 2 12 12 Vs U7 U4 12 13 112 0.038
cs 1 12 1 1 12 13 1/5 19 15 12 14 1/3 0.025
c4 1 12 1 1 12 13 15 19 15 12 14 1/3 0.025
cs 2 2 2 2 1 12 U3 U5 U3 1 12 12 0.049
c6 3 2 3 3 2 12 14 12 2 12 0.074
cr 5 4 5 5 3 1/2 3 0.141
c8 9 7 9 9 5 1 5 0.258
cO 5 4 5 5 3 2 1/2 3 2 0.141
Cl0o 2 2 2 2 1 12 U3 U5 13 1 12 112 0.049
Cll 4 3 4 4 2 2 12 13 12 2 1 2 0.101
Cl2 3 2 3 3 2 1 12 14 12 2 12 1 0.074
> =1.00

& X max = 12.15, CI= 0.01, RI= 1.49, CR= 0.01 < 0.1 OK.
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Table5.18: Contractors pairwise comparison regarding past performancein the

implementing agency proj ects and other s

Cl C2 C3 C4 C5 C6 C7 C8 C9 Ci10 Cl11 Ci12 Priority Vector

C1
C2
C3
C4
C5
C6
C7
C8
C9
C10
c11
C12

1
1/9
1

1
1/9

1/2

1/9
1/3

W Kk © © © 01 © B © © = ©

1
1/9
1

1
1/9

1/2

1/9
1/3

1
1/9
1

1
1/9

1/2

1/9
1/3

W Rk © © © 01 © B © © = ©

1
1/9
1

1
1/9

1/2

1/9
1/3

2 1
1/5 1/9
2 1
2 1
1/5 1/9
2 1

1 172
2
2
2
1/5 1/9
1/2 1/3

1
1/9
1

1
1/9

1/2

1/9
1/3

1
1/9
1

1
1/9

1/2

1/9
1/3

3
1/3
3

3
1/3

W W w N W

1/3

W Kk O © © 01 © B © © = ©

0.122
0.014

0.122
0.122
0.014
0.122
0.064
0.122
0.122
0.122
0.014
0.040

> =1.00

& A max = 12.01, CI= 0.0006, RI= 1.49, CR= 0.0004 < 0.1 OK.

Table5.19: Priority matrix of the financial and technical situation of the company

FST AlIP GPC NAT NAL CPP Priority Vector
(0.486) (0.122)  (0.065)  (0.065)  (0.065)  (0.197) (Weight)
C1 0.210 0.059 0.167 0.026 0.025 0.122 0.148
Cc2 0.029 0.107 0.070 0.055 0.038 0.014 0.041
C3 0.029 0.025 0.023 0.016 0.025 0.122 0.045
C4 0.277 0.321 0.127 0.033 0.025 0.122 0.210
C5 0.029 0.018 0.042 0.036 0.049 0.014 0.027
C6 0.029 0.080 0.127 0.078 0.074 0.122 0.066
C7 0.029 0.087 0.127 0.252 0.141 0.064 0.071
C8 0.029 0.071 0.070 0.249 0.258 0.122 0.084
C9 0.140 0.167 0.042 0.046 0.141 0.122 0.127
C10  0.140 0.020 0.042 0.071 0.049 0.122 0.105
C11  0.029 0.011 0.093 0.071 0.101 0.014 0.035
Ci12 0.029 0.034 0.070 0.067 0.074 0.040 0.040
Z: 0.999
95

www.manaraa.com



5.2.3 AHP Results Regarding the Prequalification of the Contractors

Table 5.20 shows the results of the contractors’ pairwise comparison with respect to the
three main criteria based on AHP.

Table5.20: Priority matrix of contractors prequalification

(9|"2§/0) (1242; %) (7';1;5/0) Overall priority vector Rank
C1 0.099 0.083 0.147 13.3% 2
C2 0.079 0.083 0.04 5.0% 9
C3 0.074 0.083 0.045 5.4% 8
C4 0.108 0.083 0.21 18.1% 1
C5 0.065 0.083 0.027 3.9% 12
C6 0.099 0.083 0.066 7.2% 6
C7 0.065 0.083 0.071 7.2% 6
C8 0.088 0.083 0.084 8.4% 5
C9 0.085 0.083 0.127 11.7% 3
C10 0.065 0.083 0.105 9.8% 4
C11 0.099 0.083 0.035 4.8% 11
C12 0.074 0.083 0.04 5.0% 9

> =100%

5.3 Results Discussion

Table 5.20 summarizes all the different comparisons with respect to the main criteria that
established by the implementing agency. For prequalification purpose, the contractors are
now ranked according to their overall priority based on AHP approach, as follows: C4,
C1, C9, C10, C8, C6, C7, C2, C3, C11, C12, and C5. The results indicate that C4 is the
best-qualified contractor to perform the project. However, the over all priority of

contractors gave sound judgment to solve such complex issues.

It is clear that all contractors have nearly close results with respect to legal status, and
technical and managerial team of the company. On the other hand, the financial and
technical situation of the company seems to be the decisive criterion where its weight
equal 75.5%, which greatly influenced the results. For example, the priority vector of C4,
C1, and C9 with respect to financial and technical situation was 0.21, 0.147, and 0.127
respectively, which reflect the soundness of AHP approach.
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Accordingly, the implementing agency can invite C4, C1, C9, C10, and C8 to
participate in the tendering process of the project. In addition, the implementing agency
can extend the list to include C6, and C7 where they achieved reasonable results, which
will permit seven contractors to participate in the tendering process. Moreover,
comparing the results of the case study, which was summarized in Table 5.20 with the
data of contractor in Table 5.2, it can be concluded that AHP approach is logic and

applicable approach to be adopted in the construction industry in Gaza Strip.

Table 5.21 shows a comparison between the results obtained by AHP approach and the
scores that calculated by the implementing agency. It is clear that the rank of contractors
obtained by AHP approach to large extent consistent with that obtained by the scores

method.

The only tangible difference was in C9 that was ranked 3 by AHP while it was ranked 1
by the implementing agency. Table 5.22 shows comparison between C4 was that ranked 1
by AHP and C9 that was ranked 1 by the implement agency by using scores method. It
was obvious that C9 is better than C4 in most of the subcriteria of financial and technical
situation of the company that represent the bulk weight (75%) of the main criteria as
shown in Table 5.1. The financial status of the company; amount of implemented projects
in the last three years; good performance certificate in previous project; contractors past
performance in implementing agency projects and others that represents 65% out of 75%
which doubtlessly confirm that C9 is better than C4 and AHP is sound approach.

Table 5.21: Comparison between AHP results and the implementing agency scores

Overall priority Rg;k Scon_'-:s by | mlsla}e?:e%ng

vector by AHP AHP Implementing Agency Agency
C4 18.1% 1 94 1
C1 13.3% 2 87 3
C9 11.7% 3 94 1
C10 9.8% 4 87 4
c8 8.4% 5 75 5
C6 7.2% 6 70 6
C7 7.2% 6 72 6
C3 5.4% 8 60 8
Cc2 5.0% 9 55 9
Ci12 5.0% 9 53 10
c11 4.8% 11 51 11
C5 3.9% 12 45 12
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Table5.22: Comparison between C4 and C9 with respect to financial and technical

situation
Subcriteria Weight Cc4? co®
US$ 5,000,000 without US$1,000,000 without
FST 35%  reservation bank facility reservation bank facility
. US$ 12,000,000
US$ 43,000,000 implemented . SN .
AlP 10% projects in the last three years implemented projects in the
last three years
GPC Submitted five good performance  Submitted two good
5% certificates performance certificates
NAT 5% 23 rented trucks 31 rented trucks
NAL 5% 2 rented loaders 10 rented loaders
. Excellent past performance
CPP 15% Excellent past performance in in owner’s projects and

owner’s projects and others

others

2C9 ranked 1 by AHP, ® C4 ranked 1 by the implementing agency

5.4 Conclusion

The results of the case study confirmed that AHP based on scientific basis and it is to
large extent free from bias and intuition in the scores method. In addition, the results
reflect the extent of reliability of AHP where all the contractors were pairwise compared
with respect to all the adopted criteria upon the data in Table 5.2. Moreover, all the
comparison matrices were subjected to the inconsistency check, which indicated the

soundness of the judgments.

The case study presents a decision-analysis modeling technique for the prequalification
process of contractors compared with the prevailing method used in Gaza Strip, which
represented in the score method. AHP provides a tool for selecting the most qualified
contractors in an easy, fast, and low-cost approach. It enables the decision-makers to use
all the necessary information they have about contractors, as well as their knowledge and
expertise and incorporate them to the tool to evaluate and rate the potential contractors. It
incorporates all necessary information about the contractor in a very systematic,
numerical, and verbal approach. Such approach leads to durable calculated results.
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CHAPTER SIX
CSP SOFTWARE

6.1 Introduction

This chapter presents the computerized software based on AHP developed to help the
implementing agencies in improving their prequalification practices in Gaza Strip. In
addition, it describes the software components, and the method of use. The software

implementation and evaluation are also discussed.

6.2 Concepts

It is found that the prequalification process needs improvements to be more scientific by
using one ore more of the available quantitative approaches. AHP has been found as one
of the suitable approaches for this purpose. Hence, the researcher developed software
based on AHP approach to help the owners in the prequalification process and the
selection of the contractors. The researcher named this software Contractors Selection
Program (CSP).

The software was developed by using "Visual Basic" programming language. Visual

Basic was originally created to make it easier to write programs for the Windows

computer operating system. Moreover, Visual Basic is the most widely used computer

programming system in the history of software. The software was designed to be flexible

and easy to use. This chapter presents concepts, description, implementation, and

evaluation of the software. Ahuja et al. (1994) summarize the criteria for selection a

software system as follows:

1. The software must be relatively easy to install and operate. The input data must be
easy to prepare, and the output reports must be understandable.

2. Data sorting is one of the basic uses of computers.

3. The program should be flexible and have the capacity for handling many types of
application.

4. The database must contain all the necessary elements so it can be managed to generate
the desired information reports.

5. The program should be compatible with other programs and systems in use in the

company.
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6.3 Program Description
CSP program must be run under Win2000/XP. The user runs the program by double click
on its icon that is located typically in the CSP folder (Figure 6.1).
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Figure 6.1: Entering to CSP

CSP begins with an introductory screen (Figure 6.2). By clicking on OK button, the main
input screen will be displayed (see Figure 6.3). At the top of the main input screen, the
menu bar is clear and consists of three choices, namely, file, record, and program. By
clicking on record, the data entry sheet is displayed. By clicking on data entry, two tabs
screen will appear as shown in Figure 6.4 and Figure 6.5.
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Figure 6.2: CSP Interface
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Figure 6.3: CSP main input screen

When the user finishes using CSP, and he/she wants to return to Windows, he/she must
click on the close button in the top right corner of the screen or file in order to exit.

The application consists of two tabs and they are:

6.3.1 First Tab (Input main criteria)

Figure 6.4 shows the first screen, which has the main input screen regarding the main
prequalification criteria. Entry is mainly done through three text boxes regarding the
project name, goal name, and criteria number. In addition, there is a combo box regarding
the comparison priorities. Add, modify, and delete facilities are also available at a

convenient disposal of the user.
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Moreover, default 2*2 matrix appears and its size depends on the number of criteria
entered as will be discussed in the implementation later. The entry of cells will be also
discussed through the implementation of the software. The "Print" button will manage the
user to browse and print the results report regarding the weights of the criteria used in the
process. In addition, the consistency ratio is calculated and its value appears at the top of
the table just the user complete entering the priorities.

bt Contractors Selection Program (CSP) - [Contractors Selection Program (CSP)] A =a=iT]
S.Fle  Record  Program

TabCriteriaweight i Tabsltemativestrt
Labell

Project Mame

Goal Mame

Citeria No Priority

- Consistency Ratio

Entery Time: 748:25PM | Dats: 2010/01418 | Day: Monday =

@ - @ & e Looal Disk (C:) e Local Disk (C2) 1) Thesis Dratt [M [ bt | My Computer ¥ = Gl gl]® % W e TanEm

Figure6.4: First tab of CSP software

6.3.2 Second Tab (Input comparison entry)

Figure 6.4 shows CSP second tab. Entry is done through text box regarding the name of
companies to be prequalified. In addition, there is combo box regarding the priorities
used in the pairwise comparison of the companies with respect to the main criteria in the
first tab. Add, modify, and delete facilities are also available at a convenient disposal of
the user. Moreover, an additional column will appear just the entry of cells including the
weights (priority vector) of each criterion with respect to the goal

In addition, two default 2*2 matrices appear. The size of the top matrix depends on the
number of companies to be pairwise compared as will be discussed in the implementation

later. The button "New Comparison” manages the user to conduct all the required
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pairwise comparisons with respect to main criteria entered in the first tab. By clicking on
"New Comparison”, the weights of the pairwise comparison will be transferred to the
lower matrix. After conducting all the comparisons, the overall priority values appear and
a message appears to highlight the completion of the process and the "Print" button is

activated.

The "Print" button manages the user to browse and print the results report regarding the
comparison process in order to select the best one or group based on the results listed
under the overall priority.

L2 o Ty U e En
57 File PRecerd Progrom

Companies Pairwise Comparision Results

Ertaty Tens - TAR25PM | Diate: 201UD118 | Dy Mandiy =

@ 2 0P e AL 3 Lo L 51 | s rve— S SRR T RN

Figure6.5: Second tab of CSP software

6.4 CSP Implementation
The researcher finds that the best way to explain the system functions is by applying it on
an example. The selected example was that found in Al-Harbi (2001).This makes it easier

for the researcher to explain and for the reader to understand (See Figure 6.6).

Figure 6.7 shows the first tab containing the entries. In this tab, the user enters the project
name, the process goal, the number of the criteria, and the description of the criteria.
Accordingly, CSP will create matrix its size equal the number of criteria. The user will

commence entering the data regarding the priorities of criteria upon the numerical rating

shown in Table 2.6.
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The user can enter the cell values regarding the priorities by clicking on its cell then
rotating the mouse wheel to choose the priority, which appear in the priority combo from
1to 9 and (-2) to (-9). In case of negative values in the priority combo, the numerical
rating will appear as positive fraction of the inverse value in the cells of the top matrix.

Level 1: Goal Selecting the most suitable contractor
Level 2:
Cnitena Exp. F.S. QP MPR. ER. CWL.

Level 3: Contractors

A A A A A A

B B B B B B

C C C C C C

D D D D D

E E E E E E
Exp. = Experience F.S. = Financial Stability
QP = Quality Performance MPR = Manpower Resources
ER. = Equipment Resources CW.L. = Current Works Load

A B, C, D, and E are the contractors being prequalified.

Figure 6.6: Hierarchy of the project example (Al-Har bi, 2001)

The first step as shown in Figure 6.7 shows the pairwise comparison of the six main
criteria in the example. However, CSP calculated the weights of the main criteria, as it is
clear in the eighth column. In addition, the CPS calculates the consistency index when the
priorities entry is completed. By clicking "Print" button, a brief report appeared regarding

the criteria weights and its consistency (see Figure 6.8).
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Figure6.7: First tab withitsentries
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Figure6.8: Criteriaweights output

The second step is to click on the second tab in order to commence the pairwise
comparison of the companies with respect to the main criteria. CPS will start the
comparison with respect to the experience and calculates the weights and the consistency
index in process. Figure 6.9 shows the first comparison with respect to the experience.
After completing the comparison with respect to the experience and clicking "New
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Comparison™ button, a new comparison will start with respect to the following criterion
according to the entry in the first tab. In addition, the priority vector (weight) with respect
to the experience will be transferred to the bottom matrix and so forth as shown in Figures
from 6.10 to 6.14. When the user complete the last comparison with respect to the current
works load and click on "New Comparison” button, a message of "The comparisons
completed" appear and the "Print" button is activated as in Figure 6.14. By clicking on
"Print" button, a report contains the overall priority with respect to the prequalification
criteria will appear as shown in Figure 6.15.

[¥2 Contractors Selection Program (CSP) - [Contractors Selection Program (CSP}] 000
BiFle  Record  Program

TabCiiteriaWeight T TabalternativesEnt
Companies Mo Priarity Mew
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Exp A | B | C | ] |

B
B
C
o]
E

173 1/2 1/8

1

3 1 2 142
2 1/2 1 143
3

/

2 3 1
1/4

— o e ra]m

Entery Time: 10:16:45PM  Date: 2010/01/20  Day: Wadnesday =]
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Figure 6.9: Pairwise comparison with respect to the experience
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Figure 6.11: Pairwise comparison with respect to the quality performance
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Figure6.12: Pairwise comparison with respect to the manpower resour ces
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Figure 6.13: Pairwise comparison with respect to the Equipment Resour ces
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Figure 6.14: Pairwise comparison with respect to the current workload
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Figure6.15: Theoverall priority with respect to the prequalification criteria
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6.5 CSP Results Discussion

Tables 6.1 to 6.8 show comparison between the results in the previous section that was

obtained by using CSP software and that calculated manually by Al-Harbi (2001). There

were negligible deviations especially in the consistent ratio that refer to the round off

through processing the data. The priority vector and overall priority vector are completely

agreed in both CSP and Al-Harbi (2001) in selecting the best contractors.

It is clear that CSP software gave the same results that obtained by Al-Harbi (2001)

which indicates that CSP is efficient software and can be used in prequalification process.

Table 6.1: CSP and Al-Harbi (2001) resultswith respect to the main criteria

Priority Vector

Criteria
CSP? Al-Harbi (2001)"

Exp. 0.372 0.372
FS 0.293 0.293
QP 0.156 0.156
MPR 0.053 0.053
ER 0.039 0.039
CWL 0.087 0.087

4 CR=0.05<0.1 OK.;PCR=0.05<0.1 OK

Table 6.2: CSP and Al-Harbi (2001) results with respect to the experience

110

Exp. Priority Vector
CsP? Al-Harbi (2001)"
A 0.086 0.086
B 0.249 0.249
C 0.152 0.152
D 0.457 0.457
E 0.055 0.055
® CR=0.009 < 0.1 OK.; °CR=0.0082 < 0.1 OK
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Table 6.3: CSP and Al-Harbi (2001) results with respect to the financial stability

Es Priority Vector
CcsP? Al-Harbi (2001)"
A 0.425 0.425
B 0.089 0.089
C 0.178 0.178
D 0.268 0.268
E 0.04 0.04

® CR=0.072<0.1 OK.;?CR=10.071 < 0.1 OK
Table 6.4: CSP and Al-Harbi (2001) results with respect to the quality performance

op Priority Vector
CcsP? Al-Harbi (2001)"
A 0.269 0.269
B 0.074 0.074
C 0.462 0.462
D 0.164 0.164
E 0.032 0.032

® CR=0.085<0.1 OK.;"CR=10.085 < 0.1 OK
Table 6.5: CSP and Al-Harbi (2001) results with respect to the manpower resources

Priority Vector

MPR : s
CSsP* Al-Harbi (2001)

A 0.151 0.151

B 0.273 0.273

C 0.449 0.449

D 0.081 0.081

E 0.045 0.045

® CR=0.054 < 0.1 OK.; *CR=0.053 < 0.1 OK
Table 6.6: CSP and Al-Harbi (2001) results with respect to the equipment resour ces

ER Priority Vector
CSP? Al-Harbi (2001)"
A 0.084 0.084
B 0.264 0.264
C 0.556 0.556
D 0.057 0.057
E 0.380 0.380
® CR=0.064 < 0.1 OK.; "CR=0.063< 0.1 OK
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Table 6.7: CSP and Al-Harbi (2001) results with respect to the current worksload

Priority Vector

CWL : .
CsP? Al-Harbi (2001)

A 0.144 0.144

B 0.537 0.537

C 0.173 0.173

D 0.084 0.084

E 0.062 0.062

® CR=0.09<0.1 OK.; "CR=0.089 < 0.1 OK
Table 6.8: CSP and Al-Harbi (2001) resultswith respect to overall priority vector

Overall Priority Vector
Contractor
CSP Al-Harbi (2001)
A 0.222 0.222
B 0.202 0.201
C 0.241 0.241
D 0.288 0.288
E 0.046 0.046

6.6 CSP Evaluation

Sargent (2000) stated that the face validity is used as a test for model evaluation. Face

validity is represented in asking acknowledged and well-experienced people regarding the

system whether the model and/or its behavior are reasonable.

6.6.1

Evaluation Objectives

The software evaluation objectives should consider the following:

6.6.2

to evaluate the performance of prequalification of contractors;

to verify the suitability of software design and structure;

to allocate the software difficulties that meet the user and try to avoid them;
to consider the evaluators' comments;

and to explore the software advantages.

Evaluation Methodology

The researcher used this technique by asking five implementing agencies engineers who

are experts in construction projects and involved in prequalification and evaluation

process of contractors. The researcher asked them to give their points of view in CSP

software and about its input-output relationships.
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In addition, all steps have been explained to the evaluators regarding using, operating, and
reading results. The researcher gave a copy of the evaluation questionnaire for each one
of them to fill in. A questionnaire is mainly designed to get a feedback regarding CSP
software performance and its benefits in addition to respondents’ comments as shown in

Annex 3.

6.6.3 Evaluators Commentsand Suggestions

Table 6.9 illustrates the evaluators' responses to the features of CSP design and structure.
The results show that four evaluators agreed that CSP contributes in improving the
prequalification process while the other strongly agreed. Regarding the contribution of
CSP in developing the construction industry in Gaza Strip, just three evaluators out five
are agreed. Moreover, one strongly agreed and four agreed that CSP provides the

possibility of contractors prequalification in proper and scientific manner.

The results show that most evaluators agreed on CSP suitability for all types of projects.
In addition, most of the evaluators are agreed that CSP is convincing to be applied by the

owners and implementing agencies.

It is clear that all evaluators have positive attitudes towards CSP features regarding the
easiness in use, flexibility, and results readability. Moreover, four evaluators out five
agreed that CSP saves time and effort in the prequalification process. Finally, three
evaluators are strongly agreed and two agreed that CSP is suitable for small and large

projects.

In general, the results shown in Table 6.8 indicates that the respondents show high
attitudes towards CSP where the average mean (86%), which reflects its importance in the

prequalification of contractors in Gaza Strip.

Some of evaluators mentioned that CSP is considered an efficient tool to overcome the
problems of traditional practices, which lacks objectivity especially in establishing the
scores/weights of the used prequalification criteria. Others mentioned that by using CSP,
the prequalification of contractors would be faster and easier than other local practices. In

addition, they recommended giving training in this regard to be familiar with it.

Regarding the advantages of CSP, there was consensus among the evaluators that CSP

can facilitate and speed the prequalification process. In addition, they mentioned CSP
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provides the weights of the criteria based on scientific approach as well as the pairwise

comparison among the companies.

Table 6.9: CSP performance as expressed by evaluator s*

_ No. of respondents Weighted
No. Techniques
SA| A N D |SD| Mean%

The software contributes in improving

1 o 1 4 84%
the process of prequalification
Assist in the development of the

2 o ) ) 3 2 72%
construction industry in Gaza Strip
Provide the possibility of contractors

3 prequalification in proper and scientific | 1 4 84%
manner

4 Suitable for all types of projects 5 80%
Convincing to be applied by the owners

5 ) : ) PP ) Y 2 2 1 84%
and implementing agencies
Contribute in increasing the dependence

6 ) ) 4 1 76%
on computers in projects management

7 The program is easy to use 4 1 96%
The program is flexible and the inputs

8 ) . 3 2 92%
can be easily modified

9 The results can be read easily and clearly | 4 1 96%

10 | Displays the results clearly 3 2 92%
Saves time and effort in the

11 L 1 4 84%
prequalification process

12 | Suitable for small projects 3 2 92%

13 | Suitable for large projects 3 2 92%

Average mean % 86%

*(S.A= Strongly Agree, A= Agree, N= Neutral, D= Disagree, S.D= Strongly Disagree)

Regarding the evaluators' suggestions, most of evaluators recommended that CSP could

be developed further to include models/templates for specific industries to serve other

sectors. Two evaluators advised for development another version in Arabic language. In

addition, all the evaluators suggested using CSP in the awarding process in case of

postqualification practices, which are widely used in construction industry in Gaza Strip.
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CHAPTER SEVEN
CONCLUSION AND RECOMMENDATION

7.1 Introduction
This chapter introduces the research conclusions and recommendations for many parties
involved in the construction process to improve the local practices in the prequalification

process. Recommendations for further studies are also included.

7.2 Conclusion

1) Building, water and wastewater, and roads represented the bulk of implemented
projects by the implementing agencies in Gaza Strip.

2) Over the past five years, most projects executed were large-scale projects. This may
be a result of the Israeli withdrawal from Gaza Strip, which has encouraged the donor
countries to pump contributions to the Palestinian people for the reconstruction in the
various areas. However, it is important to highlight that this study actually represents
just the first three years where the last two years can be classified as idle years due the
Israeli siege on Gaza Strip that forced most of the implementing agencies to terminate
all contracts for the ongoing projects at this period.

3) The Palestinian Contractors Union (PCU) classification is considered as the essence
for the implementing agencies in Gaza Strip. This may refer to the nature of projects,
which has become similar in the different field as well as the nature of some
implementing agencies that have not the technical ability to exercise the
prequalification process. In addition, the restrictions imposed by PCU have prevented
some of the implementing agencies to conduct prequalification process.

4) 1t was found that 40% of the respondents' organizations sometimes exercise the
prequalification process, 45% rarely exercise the prequalification process, and 15%
has never exercised the prequalification process. Exercising prequalification may be
referred to the size and nature of the projects upon which the implementing agencies
decide to exercise it or depend on PCU classification. Accordingly, the findings show
the high tendency toward exercising the prequalification process especially in projects
that needs special experience, technical abilities, and financial stability.

5) There is a consensus amongst the implementing agencies on the importance of the

proposed prequalification criteria. The findings showed high degree of agreement
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6)

7)

8)

9)

between the different implementing agencies toward the proposed prequalification
criteria.

Based on AHP, the prequalification criteria weights are as follows: financial stability
(20%); technical ability (18%); past performance (13%); management capabilities
(12%); experience (10%); and reputation (10%).0On the other hand, claims and
contractual disputes (6%); health and safety procedures (6%); and current workload
(4%). Accordingly, the financial stability represents the overriding criterion that meets
the researcher expectations. In addition, technical ability, past performance,
management capabilities, experience, and reputation can represent practical
prequalification criteria. From the results, researcher set prequalification criteria for
the construction industry in Gaza Strip after neglecting all the marginal subcriteria
and normalizing the remaining subcriteria weights as shown in Table 7.1.

It was found that 13 out 42 of the subcriteria have weight equals 60%, namely, the
liquidation of the company; the experience of the technical staff; the number, type,
and condition of equipment and machinery; the company organizational structure; the
adherence to the contractual obligations; the adherence to the specifications; the
previous relationship between the company and the owner; the qualifications of the
managerial staff; the banking facilities; the capital of the company; the health and
safety policy; the number of similar projects; and the number of the technical staff.
The findings have agreed with several local and global previous studies in this field,
which enrich and represent a strength point for this research.

Hierarchical method of analysis used in this study, provided an effective tool to
measure the weights of criteria through pairwise comparison of all the proposed
criteria as it was clear in the case study. In addition, it is more efficiently than local
techniques or methods, which depend on the weights given directly to the criteria

without a real examination for their relevance compared to other criteria.

10) AHP provides a tool for selecting the most qualified contractors in an easy, fast, and

low-cost approach. It enables the decision-makers to use all the necessary information
they have about contractors, as well as their knowledge and expertise and incorporate
them to the tool to evaluate and rate the potential contractors. It incorporates all
necessary information about the contractor in a very systematic, numerical, and verbal

approach. Such approach leads to durable calculated results.
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Table 7.1: Recommended Prequalification criteria and itsweights

Criteria Subcriteria Weight
1. Liquidity of the Company 10.00%
2. Banking Facilities 3.40%
Financial
- 3. Annual Turnover 2.20%
Stability
4. Debt volume 1.20%
5. Capital of the company 3.20%
1.The experience of the technical staff 7.61%
_ 2.The number , type , and condition of equipment and
Technical ]
machinery 5.75%
Ability i
3.The number of the technical staff 3.15%
4.Capital of equipment and machinery 1.48%
1.Company organizational structure 5.73%
M anagement — _
. 2.Qualifications of the managerial staff 4.09%
Capabilities _ _ i i
3.Availability of monitoring , tracking, and evaluation system 2.18%
1. Adherence to the contractual obligations 4.75%
. 2. Adherence to the specifications 4.47%
ast
3. Track Record of the company 2.37%
Performance i
4. Adherence to the contractual period 1.54%
1. Number of similar projects 4.13%
_ 2. Type of projects implemented 2.40%
Experience i i
3. Amount of projects implemented 1.87%
4. Number of projects implemented 1.60%
1.The previous relationship with the current owner 4.51%
Reputation | 2.Company size and classification 2.86%
3.The previous relationship with other owners 2.64%
1.Health and safety policy 3.12%
Health and i i i
Safet 2.Health and safety records in the previous projects 0.84%
y —
2.Health and safety training programs 2.04%
1.Response in finding solutions to claims and disputes 2.94%
Claimsand _
_ 2.The tendency of company towards the claims 1.86%
Disputes _ _ _
3.Number of claims in the previous projects 1.20%
1.Number of current projects 2.08%
Current _
2.Amount of current projects 1.36%
Work L oad i
3.Type of current projects 0.56%
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7.3 Recommendation to the Parties Involved in the Construction

1) Researcher recommends using the prequalification criteria of financial stability,
technical ability, past performance, management capabilities, experience, reputation,
and health and safety procedures in this study as a basis in the prequalification process
of contractors in the construction industry in Gaza Strip. Moreover, it is recommended
to consider the other criteria of claims and contractual disputes, and current workload
in the awarding stage.

2) The implementing agencies is recommended to establish comprehensive and database
regarding contractors who dealt with them with respect to their financial abilities,
experience, performance etc. in order to be the basis of any prequalification process in
future. This step will save a lot of time and manage the owners to select the best-
qualified contractors. Moreover, it will enforce the contractors to improve their
performance, which in turn will share in improving the construction industry in Gaza
Strip.

3) The implementing agencies are recommended to establish prequalification committee
consisting from all the parties that interested in the implementation of the specific
projects. The committee is recommended to include implementing agency,
stakeholder, municipality, and the Ministry of Public Works and Housing in order to
guarantee the success of the project.

4) Encouraging the implementing agencies to use AHP in the prequalification process
and helping them to understand and apply AHP approach by initiating training
workshops.

5) AHP approach, in addition to its efficiency in prequalification process, can be

developed further to use in the evaluation process in the awarding stage.

7.4 Recommendation for Further Studies

1) Researchers are invited to exercise more efforts in order to obtain unified prequalification
criteria for each sector such as buildings, roads, and water and sewage water individually
to ensure the main goals of owners in the construction industry in Gaza Strip.

2) Conducting studies on projects, which used of prequalification and others adopted the
classification of union contractors and evaluate the performance, cost, time, and quality.

3) Study the possibility of using methods other than AHP in the prequalification process for
contractors. In addition, study the possibility of merging AHP with other methods in

order to obtain improved results.
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Annex 2
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Part 1: General I nformation

1- What is the proper description of your organization?

D Governmental Organization |:| Municipality |:| NGO

D International Organization |:| Consultant Firm |:| Others, Please Specify

2- Specify the types of projects implemented by your organization?

D Buildings |:| Water and Wastewater I:I Roads

D Others, Please Specify

3-Specify the average annual value for the projects implemented through your

organization over the past five years?

D Less than 1 Million Dollars |:| 1.1 - 3 Million Dollars |:| 3.1 - 6 Million Dollars

D 6.1 - 12 Million Dollars I:I More than 12 Million Dollars

4- Which is the best description of your occupation in your organization?

D Project Manager |:| Supervisor Engineer |:| Head of Department

D Consultant I:I Procurement Specialist I:I Others, Please Specify
5- Specify the number of years of your practical experience

D Less than 5 years |:| 6-10 years I:l 11-15 years

D 16-20 years |:| More than 20 years

6- Does your organization depend on the classification of the Contractors Union as
an alternative to the prequalification process?

D Always I:l Frequently I:l Sometimes I:l Rarely I:l Never
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7- Have your organization ever practiced the prequalification process for the

contractors?

D Always I:l

Frequently

I:l Sometimes

I:l Rarely

I:l Never

Part 2: ldentification of the factors that affect the prequalification process of the

contractors:

Please specify the importance of the factors that affect the process of selection of

contractors by marking "x" in the box to reflect its importance.
Group (1): Thefactorsrelated to the financial stability of the company

Affecting Factor

Very
Important

Important

Medium
Importance

Low
Importance

No
Importance

The capital of the company

The annual turnover of the
company

The banking facilities provided
by the company

The liquidation of the company

The debt volume of the

company

Group (2): factorsrelated to the management capabilities of the company

Affecting Factor

Very
Important

Important

Medium
Importance

Low
Importance

No
Importance

The existence of an appropriate
organizational structure for the
company

The existence of an integrated
strategy for the company

The qualifications of the
managerial staff of the company

The availability of training
system for managerial staff in the
company

The use of computerized systems
in the management

The availability of monitoring ,
tracking, and evaluation system
in the company
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Group (3): Thefactorsrelated to the experience of the company

Affecting Factor

Very
Important

Important

Medium
Importance

Low
Importance

No
Importance

The number of projects
implemented by the

The amount of projects
implemented by the

The type of projects
implemented by the

The experience of the
company in implementing

The ability of the company
to cope with the problems

The ability of the company
to identify and manage risks

The number of years in
construction

The local experience of the
company

Group (4): Thefactorsrelated to the past perfor mance of the company

Affecting Factor

Very
Important

Important

Medium
Importance

Low
Importance

No
Importance

The adherence to the
contractual period in the
implementation of
projects

The adherence to the
allocated budget in the
implementation of
projects

The track Records of the
company in the
implementation of
projects

The adherence to the
specifications in the
implementation of
projects

The adherence to the
contractual obligations
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Group (5): Thefactorsrelated to thetechnical ability the company

Affecting Factor

Very
Important

Important

Medium
Importance

Low
Importance

No
Importance

The number , type , and
condition of equipment
and machinery

The capital of equipment
and machinery

The number of the
technical staff

The experience of the
technical staff

The availability of training
system for labor

The technological means
used by the company in
the implementation of
projects

Group (6): Thefactorsrelated to thereputation of the company

Affecting Factor

Very
Important

Important

Medium
Importance

Low
Importance

No
Importance

The company classification

The diversity of
specialization fields of the
company

The size of the company

The previous relationship
between the company and
the owner

The previous relationship
between the company and
other owners
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Group (7): Thefactorsrelated to health and safety proceduresin the company

Affecting Factor

Very

Important Important

Medium
Importance

Low
Importance

No
Importance

The existence of policy
for the company in the
field of health and safety
standards to control the
work

The existence of training
programs in the field of
health and safety

Health and safety records
of the company in the
implementation of
previous projects

Group (8): Thefactorsrel

ated to claims and contr

actual disputes

Affecting Factor

Very

Important Important

Medium
Importance

Low
Importance

No
Importance

The tendency of company
towards the claims and
intransigence in
contractual issues

The company response in
finding solutions to claims
and disputes

The number of claims in
the previous projects

Group (9): Thefactorsrelated to the current workload of the company

Affecting Factor

Very

Important Important

Medium
Importance

Low
Importance

No
Importance

The number of current
projects implemented by
the company

The type of current
projects implemented by
the company

The amount of current
projects implemented by
the company

The percentage of current
projects subcontracted
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Annex 4

Questionnaire# 2 (English Version)
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Identification of weights of the main criteria and subcriteria in the

prequalification process by using the Analytical Hierarchy Process

(AHP)

Please specify the relative importance of each criterion or sub criterion with respect to the

other criterion or sub criterion in pairwise comparison to compare all of the criteria to each

other, knowing that the relative importance should be based on AHP according to the

numerical rating as shown in the table below:

Pairwise comparison scale for AHP preferences

Numerical rating Verbal judgment of preference
9 Extremely preferred
8 Very strongly to extremely
7 Very strongly preferred
6 Strongly to very strongly
5 Strongly preferred
4 Moderately to strongly
3 Moderately preferred
2 Equally to moderately
1 Equally preferred
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. Determination of weights of the main criteriain the prequalification of contractors by AHP

The Past

Performance

The

Experience

The
Financial
Stability

The
Management

Capabilities

The
Technical
Ability

The

Reputation

The Claims
and

Contractual

The
Current
Workload

The Health
and Safety

Procedures

The Past
Performance

The Experience

The Financial
Stability

The Management
Capabilities

The Technical
Ability

The Reputation

The Claims and
Contractual
Disputes

The Current
Workload

The Health and
Safety Procedures
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Exampleregarding filling in the table above:

The Past The The The The Claims The The Health
The . - - The and
Performance | Experience Financial | Management | Technical Reputation | Contractual Current | and Safety
Stability Capabilities Ability . Workload | Procedures
Disputes
The Past 3 5 1 1 6
Performance

In this example, the criterion in the vertical column at the left of the table is compared with all the criteria at the top row according the numerical

rating in pairwise comparison as follows:
= |f the past performance is more important than the experience of the company with moderate grade, number 3 is placed in the white cell.

= |f the past performance is strongly important than the financial stability of the company, number 5 is placed in the white cell.
= |f the past performance is equal in importance with the management capabilities of the company, number 1 is placed in the white cell.

= |f the past performance is less important than the technical ability of the company with moderate grade, fraction % is placed in the white

cell.
= |f the past performance is more important than the reputation of the company with strong to very strong grade, number 6 is placed in the

white cell, and so forth.
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2. Determination of weights of the sub criteriain the prequalification of contractorsby AHP

2.1 Thefactorsrelated to the past per formance of the company

The adherence
to the
contractual
period

The adherence
to the
specifications

The adherence to
the contractual
obligations

The track record of
the company

The adherence to
the allocated budget

The adherence to the contractual
period

The adherence to the specifications

The adherence to the contractual
obligations

The track record of the company

The adherence to the allocated budget
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2.2 Thefactorsrelated to the experience of the company

The number
of similar
projects

The type of
projects
implemented

The amount of
projects
implemented

The ability to
cope with the
problems of
implementation

The number
of projects
implemented

The ability
to identify
and
manage
risks

The number
of years in
construction

The local
experience
of the
company

The number of similar
projects

The type of projects
implemented

The amount of projects
implemented

The ability to cope with
the problems of
implementation

The number of projects
implemented

The ability to identify and
manage risks

The number of years in
construction

The local experience of
the company
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2.3 Thefactorsrelated to the financial stability of the company

The banking
facilities provided
by the company

The capital of the The liquidation of | The debt volume of | The annual turnover
company the company the company of the company

The capital of the
company

The liquidation of the
company

The debt volume of the
company

The annual turnover of
the company

The banking facilities
provided by the
company
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2. 4Thefactorsrelated to the management capabilities of the company

The company
organizational
structure

The qualifications
of the managerial
staff

The availability of
monitoring ,
tracking, and

evaluation system

The use of
computerized
systems in the
management

The existence of
an integrated
strategy for the
company

The company organizational
structure

The qualifications of the
managerial staff

The availability of monitoring ,
tracking, and evaluation system

The use of computerized
systems in the management

The existence of an integrated
strategy for the company
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. 5Thefactorsrelated to thetechnical ability of the company

The experience of the
technical staff

The number , type ,
and condition of
equipment and
machinery

The number of
the technical staff

The capital of
equipment and
machinery

The technological
means used in the
implementation
of projects

The experience of the
technical staff

The number , type , and
condition of equipment and
machinery

The number of the technical
staff

The capital of equipment
and machinery

The technological means
used in the implementation
of projects
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2.6 Thefactorsreated to the reputation of the company

The previous

The previous

www.manaraa.com

The company relationship The diversity of relationship The size of the
e between the areas of between the
classification T company
company and the specialization company and
owner other owners
The company classification
The previous relationship between
the company and the owner
The diversity of areas of
specialization
The previous relationship between
the company and other owners
The size of the company
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2.7 Thefactorsreated to theclaimsand contractual disputes

The company response in
finding solutions to claims and
disputes

The tendency of the company
towards the claims

The number of claims in the
previous projects

The company response in finding
solutions to claims and disputes

The tendency of the company towards
the claims

The number of claims in the previous
projects
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2.8 Thefactorsrelated to the current workload of the company

The number of the current
projects

The amount of the current
projects

The type of the current
projects

The number of the current projects

The amount of the current projects

The type of the current projects
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2.9 Thefactorsrelated to the health and safety proceduresin the company

The health and safety policy

The health and safety records
in the previous projects

The health and safety
training programs

The health and safety policy

The health and safety records in the
previous projects

The health and safety training programs
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Annex 5
CSP Evaluation Questionnaire
(Arabic Version)
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Annex 6
CSP Evaluation Questionnaire
(English Version)
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Questionnaire for CSP evaluation

1- In order to evaluate RCEM, please give your opinions regarding the following points:

No. of respondents Weighted
No. Techniques sal Al NID S Mean
D %
1 The software contributes in improving the
process of prequalification
5 Assist in the development of the
construction industry in Gaza Strip
Provide the possibility of contractors
3 prequalification in proper and scientific
manner
4 Suitable for all types of projects
5 Convincing to be applied by the owners
and implementing agencies
5 Contribute in increasing the dependence
on computers in projects management
7 The program is easy to use
The program is flexible and the inputs can
8 . o
be easily modified
9 The results can be read easily and clearly
10 | Displays the results clearly
11 Saves time and effort in the
prequalification process
12 | Suitable for small projects
13 | Suitable for large projects

(S.A= Strongly Agree, A= Agree, N= Neutral, D= Disagree, S.D= Strongly Disagree)
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2- Please provide any comments or criticism you face when use the program
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