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ABSTRACT

At present, in Bangladesh, most of the companies arc using two step evaluation
methods for awarding contracts to contractors for large construction projects. In the
first step of this method, screenings of contractors arc done on simple pass fail basis.
They must go through this step to be eligible for the second phase. A simple kind of
weighted sum model (WSM) is used here for this decision making. The choice of
selection criteria and their weights are dependent on the subjective judgment of the
project owner. A thresh-hold value is fixed by the owner and a simple pass-fail
method is used. Those contractors crossing this threshold value are qualified for
going into the second phase. This first step is also known as prequalifieation
evaluation of contractors and it ensures that only fimls with adequate experience,
resources, qualifications and expertise are selected to tender. The problem with this
method is deciding the weight of the respective criteria, something for which AHP
does provide a better solution. In the second step, pre qualified contractors from the
first step are assessed of their capacity in more detail. This assessment is performed
to ensure adequate, experience; resources, qualifications and expertise available exist
in the selected firm. Then the lowest qualified bidder is awarded with the contract.

The new challenge in the field of Project Management may be considered like
dealing with the number of alternatives that have grown dramatically over the last
few decades. Managers have to deal more with conflicting goals nowadays. In case
of construction projects, selecting the best contractor among many contractors may
be considered as one of this particular type. Analytical Hierarchy Process (AHP) is
an efficient tool for dealing with these .types of multi-criteria decision making
problems. AI-IP is famous for its ability to incorporate both the quantitative and
gualitative factors simultaneously. In this presented paper, a case study about sub-
contractor prequalifieation evaluation (an evaluation problem) has been performed
using the traditional approach and the Analytical Hierarchy Process (AHP). Later,
sensitivity analysis was carried out by changing the comparison matrix to show the
greater capability and flexibility of Al-IP over traditional approach.

Vi



TABLE OF CONTENTS

TITLE
ACKNOWLEDGEMENTS
ABSTRACT
LIST TABLES
LIST OF FIGURES

CHAPTER J. INTRODUCTION
1.1  Introduction
1.2 Problem Identification
1.3 Objective
1.4 Methodology

CHAPTER 2. LITERATURE REVIEW
2.1  Multi-Criterion  Decision Making (MCDM)
2.2 Analytical Hierarchy Process (AHP)
221 Traditional AHP
2.2.2 Revised Al-IP
2.2.3  Al-IP Application

CHAPTER 3. MCDM TECHNIQUES
3.1 Weighted Sum Model (WSM)
3.2 Weighted Product Model (WPM)
3.3  Multi Attribute Value (MAV) Method
3.4 Analytical Hierarchy Process (AHP)

CHAPTER 4. CONTRACTOR EVALUATION TECHNIQUES

41 Commonly Uscd Techniques
411 Dimensional Weighting
412 Two-Step Prequalifieation Method
4.1.3 Dimension Wise Strategy Method
4.1.4  Prequalilication  Formula Method

4.15  Subjective Judgment Method

4.2  Contractor Prequalifieation  Evaluation by ADB

Vi

PAGE

VI

o g U1 W

© o0 N N N o

©

10

15

15
15
16
16
16
17
17



4.3 Contractor Prequalification Evaluation by World Bank

4.4 Standard Contractor Evaluation Procedures - CPTU (GOB)

441
4472
443
444

Pre Qualification

Post Qualification

Prcqualification Process

Criteria for Evaluation

CHAPTER 5. USING AHI' IN CONTRACTOR EVALUATION

5.1 Traditional Sub-Contractor Prequalification Evaluation Approach

5.2 Sub-Contractor Prequalification Evaluation with AHP

521
522
523
5.24
5.25
5.2.6
5.2.7
5.2.8
5.2.9

Pair-wise
Pair wise
Pair wise
Pair wise
Pair wise
Pair wise
Pair wise

Pair wise

Comparison
Comparison
Comparison
Comparison
Comparison
Comparison
Comparison

Comparison

for Annual Turnover

for Availability of Liquid Assets
for Key Personnel

for Plant and Equipments

for Experience with Similar Works
for Experience with Other Works
for Contract Execution Capacity

of the 7 Criteria

Priority matrix for contractor prequalification

CHAPTER 6. RESIIL TS AND DISCUSSIONS

CHAPTER 7. CONCLUSIONS AND RECOMMENDATIONS

7.1 Conclusions

7.2 Recommendations

REFERENCES

APPENDIX

VI

20
22
23
23
23
24
25

26
28
28
30
31
32
34
35
37
38
40
41

45

45
46
47

50



Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table

3.1
3.2
51
5.2
5.3
5.4
5.5
5.6
5.7
58
59
5.10
5.11
5.12
5.13
5.14
5.15
5.16
5.17
5.18
5.19
6.1
6.2
6.3

LIST OF TABLES

Title
Pair wise comparison scale for AHP preferences
Average Random Consistency Index (Rr)
Informat:on of the Pre-qualifying Sub-Contractors
Scores of the Pre-qualifying Sub-Contractors
Pair wise Comparison Matrix for Annual Turnover
Synlhcsized matrix for Annual Turnover
Pair wise Comparison Matrix for Availability of Liquid Assets
Synthesized Matrix for Availability of Liquid Assets
Pair wise Comparison Matrix for Key Personnel
Synthesized Matrix for Key Personnel
Pair wise Comparison Matrix for Plant and Equipments
Synthesized Matrix for Plant and Equipmcnts
Pair wise Comparison Matrix for Experience with Similar Works
Synthesized Matrix for Experience with similar works
wise Comparison Matrix for Experience with Other Works
Synthesized Matrix for Experience with other works
Pair wise Comparison Matrix for Contract Execution Capacity
Synthesized Matrix for Contract Execution Capacity
Pair wise Comparison Matrix for the 7 Criteria
Synthesized Matrix for the 7 Criteria
Priority matrix for contractor prequalifieation
Overall priority values for each subcontractor
Overall priority values for each subcontractor (first scenario)

Overall priority values for each subcontractor (second scenario)

Page
14
14
27
27
28
29
30
30
31
32
33
33
34
34
35
36
37
37
38
39
40
42
43
44



Figure 3.1
Figure 4.1
Figure 4.2
Figure 6.1
Figure 6.2

Figure 6.3

LIST OF FIGURES

Title
Flow Diagram of AHP process for contractor evaluation
ADS Contractor pre-qualification evaluation process
ADS Contractor post qualification evaluation process
Graphical representations of the pre qualifying contractors

Graphical representations of the pre qualifying contractors
(First scenario)

Graphical representations of the pre qualifying contractors
(Second scenario)

Page
12
19
20
42
43

44



Chapter One

INTRODUCTION
1.1 Introduction

Decision making in Projects has become more complcx dne to reasons related to: the
alternatives, the goals, the environment in which Project deeisions are made.
Nowadays, the single contractor concept is almost impossible, there are numerous
alternatives. The number and the nature of the goals, criteria or constraints, is
changing day by day. User departments are also involved in making their own
project decisions and have added their own goals. Some goals are conflicting; many
are not well defined and hardly measurable. Moreover the complexity is also

increased bccause project budgets are being cut constantly.

Every decision is made within a decision environment, which is defined as the
collection of information, alternatives, values, and preferences available at the time
of the decision. An ideal decision environment would include all possible
information, all of it accurate, and every possible alternative. Since decisions must be
made within this constrained environment, the major challenge of decision making is
uncertainty, and a major goal of decision analysis is to reduee uncertainty. It is quiet
impossible to find all the information needed to make a decision with certainty, so

most decisions invol ve an undeniable amount ofrisk.

Decision analysis can be used to determine an optimal strategy when a decision
maker faced with several decision alternatives and an uncertain or risk filled pattern
of future events [1). The goodness of a selected alternative depends on the quality of

the data used in describing the decision situation.

Decision-making  involving multiple, sometimes conflicting, objectives and/or
criteria is called Multi Criteria Decision-Making, MCDM. Often the criteria include
not only quantitative factors but also qualitative factors. One of the MCDM methods
to which recently much attention is being paid is Analytical Hierarchy Process

(AlIP).



The analytical hierarchy process (AHP) is a decision aiding method developed by
sally [2]. It aims at quantifying relative priorities for a given set of alternatives on a
ratio scale, based on the judgment of the decision maker, and stresses the importance
of the intuitive judgments of a decision maker as well as the consistency of the

comparison of altcrnatives in thc dccisionmaking proccss [3].

Since a decision-makcr bases judgments on knowledge and experience, then makes
decisions accordingly, the AHP approach agrees well with the behaviour of a
decision-maker. By breaking a problem down in a logical fashion from the large,
descending in gradual stcps, to the smaller and smaller, one is able to connect,

through simple paired comparison judgmcnts, the small to the large.

The main advantagc of this method is that it can handle a complex problem by
preparing a hierarchy of choices explaining the reasons of such choices through
decomposition and synthesis. It can compare different alternatives and attributes

using a scale of relative importancc [4].

Contractor prequalification evaluation can be used as an example of using AHP in
projcct managemcnt. Prcqualification (an cvaluation problem) is defincd by Moorc
[5] and Stephen [6] as the screening of contractors by project owners and their
representatives according to a predefined set of criteria deemed necessary for
successful project performancc, in order to determine thc contractor's competence of
ability to participate in the project bid. Another formal definition by clough [7] is that
prequalification means that the contracting firm wishing to bid on a project needs to
be qualified before it can be issued bidding documents or before it can submit

proposal.

A number of studies havc focused on contractor prequalification. Lower [8] reviewed
the guidelines for prequalification process in different states in the US. He also
discussed how prequalification can provide the owner with appropriate facilities

representing an effective and efficient expenditure of money.



Russel and skibniews!d [9] mentioned that the actual :Jrllcess of contractor evaluation
had receivcd little allention in the past. They tried to describe' the contractor
evaluation process along with the decision making strategies and the factors that
influcnce the process. Thcy reported five methods that they found in usc for
contractor evaluation: Dimensional weighting methoJ, two step prequalification,

Dimcnsion wise stratcgy, Prcqualification formulae, and Subjectivc judgment [10].

In this papcr | will try to incorporatc Analytical Hicrarchy Proccss (AHP) with
traditional wcightcd sum model (WSM) to support Project manager's for decision
making likc prequalification cvaluation of subcontractors along with its strengths and

weakncsses with respect to dccision making.

1.2 Problclll Idcntification

Project managers are faccd with decision environments and problems in projects that
are complex. The elements of the problems are numerous, and the interrelationships

among the elements arc cxtrcmely complicatcd. Relationships between elements of a
problcm may bc highly nonlinear; changes in the elemcnts may not be related by
simple proportionality. Furthermore, human value judgment systcms arc intcgral
elements of project problcms [I I]. Therefore, thc abilit), to make sound decisions is
very important to the success of a projcct. In fact, Schuyler [12] makcs it a skill that
is celiainly ncar the top of the list of project management skills, and notices that few

of us havc had formal training in dccisionmaking.

Bcforc thc implemcntation of thc Public procurement rcgulations in Bangladcsh, the
public infrastructurc construction projects were used to be awarded to the lowest
bidder without judging its capability of performing the project. This on the other

hand rcsultcd in lower performancc quality and schedulc delays.

At present, in Bangladesh, most of the companies arc using two step evaluation

methods for awarding contracts to contractors for largc construction projects.



In the 1s step of this method, screenings of contractors arc done on simple pass fail
basis. They must go through this step to be eligible for the 2" phase. A simple kind
of weighted sum model (WSM) is used here for decision making. The choice of
selection criteria and their weights arc dependent on the subjective judgment of the
project owner. A thresh-hold value is fixed by the owner and the simple pass-fail
method is used. Those contractors crossing this threshold value are qualified for
going into the 2" phase. This 1% step is also known as prequalification evaluation of
contractor's.  This 1% step ensures that only firms with adequate experience,
resources, qualifications and expertise are selected to tender. The problem with this
method is deciding the weight of the respective criteria, something for which AHP

does provide a better solution.

In the 2"1 step, pre qualified contractors from the 1% step are assessed of their
capacity in more detail. This assessment is performed to ensure adequate, experience;
resources, qualifications and expertise available exist in the selected firm. Then the

lowest qualified bidder is awarded with the contract.

In practical situation there are multi-experts each of them having sufficient relevant
knowledge about the projcet. In the initial step of decision making process, all the

experts sit together and determine the following things:

o The available alternatives (list of contractors), which are the possibilities
one has to choose from.

o Importance of each criterion, quantifier for each criteria and desire of each
criterion against the final objective which is successful completion of the
project.

e The thresh-hold value for pass-fail selection.



1.3 Objective

The objectives of this study are:
1. To analyze the existing decision making procedures.
2. To incorporate Analytical Hierarchy Process (AHP) with project management
for contractor evaluation.
The possible outcome of the proposed study is the improvement in lllethodology for

evaluating contractor's strengths for accomplishing any particular project.

1.4 Methodology

1. Study of the "Analytical Hierarchy Process (AHP)"

2. Examination of contractor evaluation procedures developed by different
agencies for different projects. (Evaluation documents prepared by World
Bank, Asian Development Bank, Central Procurement Teclmical Unit -
GOB).

3. Application of AHP for evaluating the contractor's information.

4. Checking consistency of the outcome to validate the proposed method.



Chapter Two

LITERATURE REVIEW

Decision making based on scientific methodologies is the main goal of
organizational managers. So, a realistic decision making is the key to success for a
business organization. Because of this people are much aware about their decision
making process. Decisiol.1 making process needs to consider multiple criteria, which
are often qualitative and conllicting as well in nature. All these impose a pressure
upon the manager to implement an appropriate tool which enables one to take

realistic decisions faster.

The growing trends in decision science increasingly utilizing applications of more
than one technique and involve individuals from other disciplines. A creative
thinking must look in detail at how from those disciplines outside of Decision

Science can come to work in the organizations on multi-disciplinary studies.

2.1 Multi-Criterion  Decision Making (MCDM)

In a traditional Multi Criteria Decision Making (MCDM), each criterion is weighted
by a fixed value and the decision maker uses the values to calculate a decision value
for each alternative and prioritizes the alternatives based on the calculated decision

values, normally in descending order [13].

Choo, Schonel' and Wed ley (1999) proposed Multi Criteria Decision Making models
arc characterized by the nced to evaluate a finite set of alternatives with respect to
multiple criteria. The criteria weights in different aggregation rules have different
interpretations and implications which have been misunderstood and neglected by
many decision makers and researchers. By analyzing the aggregation rules,
identifying partial values, specifying explicit measurement units and explicating
direct statements of pair wise comparisons of preferences, we identify several
plausible interpretations of criteria weights and their appropriate roles in different
multi criteria decision making models. The underlying issues of scale validity,

commensurability, criteria importance and rank consistency are examined [14].



2.2 Analytical Hierarchy Process (AHP)
2.2.1 Traditional ~AHI'

Decision making process needs to consider multiple criteria, which are often

qualitative and conflicting as well Le., fuzzy in nature. This requires multiple criteria
evaluation using Analytical Hierarchical Process (AHP) technique developed by

salty [15].

Since a dccision-maker bases judgments on knowledge and experience, then makes

decisions accordingly, the AHP approach agrees well with the behaviour of a

decision-maker. By brcaking a problem down in a logical fashion from the large,

descending in gradual steps, to the smaller and smaller, one is able to connect,

through simple paired comparison judgments, the small to the large.

The main advantage of this method is that it can handle a complex problem by
prcparing a hierarchy of choices explaining the reasons of such choices through
decomposition and synthesis. It can compare different alternatives and attributes

using a scale of relative importance [4].
2.2.2 Revised AHP

The revised AHP is a variant of the original AHP and was proposed by Belton and

Gear [4]. They observed that the AHP may reverse the ranking of the alternatives

when an alternative identical to one of the already existing alternatives in introduced.

Deng (1999) articuiGted that AHP is not the panacea for real world decision making

problems. As mentioned above, AHP is being criticized for its unbalanced

measuremcnt scale, and its inability to deal with uncertainty and imprecision of the

decision makers perceptions [16]



2.2.3 AHI' Application

Poh and Ang (1999) carried out a comprehensive study of alterd.lative study of

alternative fuels for land transportation in Singapore. It is a multiple attribute

analysis and is used to identify a number of fuel options for possible future use. An

AHP analysis is performed to evaluate four possible plans or scenarios [17].

Madu, Kuei and Chen (1995) described a decision support system (DSS) which is
designed to predict the system availability level for equipment maintenance float
problems. The DSS is developed by using the Analytical Hierarchy Process (AHP) to
prioritize the improvements made in the maintenance management practice through

the adoption ofTotal Quality Management (TQM) [18].

Wang and Raz (1991) developed to assist one in the processes of selecting the best

system configuration for implementing a computer-based system. Based on the Data

Flow Diagram produced in System Analysis and System Design, an Alternative

Evaluation Hierarchy is generated. System design criteria and characteristics of the
system configuration alternatives are associated with the subsystems and the basic
components in the system. The Analytical Hierarchy Process (AHP) is applied to

identify the best system configuration [19].



Chapter Three

MCDM TECHNIQUES

3.1 Weighted Sum Model (WSM)

The weighted sum model (WSM) is probably the most commonly used approach,
especially in single dimensional problems. If there are M alternatives and N Criteria
then, then the best alternative is the one that satisfies (in the maximization case) the

following expression [20]
Ari\[ =  max Z:>Iri1IJ. for 1 =12 3, .. Il €8O

Where awsm* is the WSM score of the best alternative, N is the number of decision
criteria, aijis the actual value of the i-th alternative in terms of j-th criterion, and Wj

is the weight of importance of the j-th criterion.

The assumption that governs this model is the additive utility assumption. That is, the
total value of each alternative is equal to the sum of products given as the above
formulae. In single dimensional cases, in which all the units are the same (e.g.
dollars, feet, seconds), the WSM can be used without difficulty. Difficulty with this
method emerges when it is applied to multi-dimensional decision-making problems.
Then in combining different dimensions, and consequently different units, the
additive utility assumption is violated and the result is equivalent to."adding apples

and oranges".

3.2 Weighted Product Model (WPM)

The weighted product model (WPM) is very similar to the WSM. The main
difference is that instead of addition in the model there is multiplication. Each

alternative is compared with the others by multiplying a number of ratios, one for
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each criteria. Each ratio is raised to the power equivalent to the relative weight of the
corresponding criterion. In general, in order to compare the alternatives AKand AL,

the following product Bridgman [21] and Miller and Starr [22] has to be calculated

- (3.2)

Where N is the number of criteria, aij is the actual value of the i.th alternative in

tenus of the j.th criterion, and Wj is the weight of importance of the j-th criterion.

If the tenu R (AK/ Al) is greater than one, then alternative Ak is more desire able
than alternative AL (in the maximization case). The best alternative is the one that is
better than or at least equal to all the other alternatives.

The WPM is sometimes called dimensional analysis because its structure eliminates
anytime any units of measure. Thus, the, WPM can be used in single and multi.

dimensional decision making problems. An advantage of this method is that instead

of the actual values it can use relative ones. This is true because

_ _ (3.3)

ai,’

g = ey A (3.4)
where akjare the actual values.
3.3 Multi Attribute Value (MA V) Method

Multi-attribute value (MA V) may also be used for multiple criteria decision making

approaches. This method is also pretty widely used in practice. But the greatest



weakness of the MAV method is its failure to incorporacc systematic checks on the
consistency of judgments. Multi-Attribute value theory is an evaluation scheme

which is very popular by consumer organisations for evaluating products.

According to MAYV theory the overall evaluation vex) of an object x is defined as a
weighted addition of its evaluation with respect to its relevant value dimensions [23].

The common denominator of all these dimensions is the utility for the evaluator.

For example, a digital camera can be evaluated on the value dimensions quality of
image, flash, viewfinder, operation time, and handling. The overall evaluation is

defined by the following overall value function

) =N e &9

Here, vix) is the evaluation of the object on the i-th value dimension di and wi the
weight determining the impact of the i-th value dimension on the overall evaluation
(also called the relative importance of a dimension), n is the number of different

value dimensions, and

Do, W= 1. (3.6)

3.4 Analytical Hierarchy Process (AHP)

Since a decision maker bases judgments on the knowledge and experience, then
makes decision's accordingly, the AHP approach agrees well with the behavior of the
decision maker. The strength of this approach is that it organizes tangible and
intangible factors in a systematic way, and provides a structure yet relatively simple

solution to the decision making problem.

Decision making process needs to consider multiple criteria, which are often

gualitative and conflicting as well in nature. This requires multi-criteria evaluation
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usmg Analytical Hierarchy Process CAHP) technique developed by Satty [15].
Analytical Hierarchy Process CAHP) presents a different approach for the situations
in which ideas, feelings & emotions are quantified to provide a numeric scale for

prioritizing decision alternatives. Figure 3.1 shows the process flow of AHP

teclmiquc for contractor evaluation.

Project _Selection

L

evaluation

contractors

T

Define Criteria for
evaluation

Define minimum Thresh hold
level for qualifying

Develop decision
hierarchy
|

| Compare Contractors | |  Compare criteria |
pairwise paITWise
| Relative priorities of | | Importance of criteria |

tha caontractarc
T COTTtaCtoTy

Of contractors

Advice select contractor with |
highest priority

Figure 3.1 Flow Diagram of AHP process for contractor evaluation
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Salty [4] developed the following steps for applying the AHP-

1. Define the problem and determine its goal.

Structure the hierarchy from the top (the objectives from a decision makers'

viewpoint) through the intermediate levels (criteria on which subsequent

levels depend) to the lowest level which wusually contains the list of

alternatives.

Construct a set of pair wise comparison matrices (size n X n) for each of the
lower levels with one matrix for each element in the level immediately above
by using the relative scale measurement shown in table - 01 below. The pair

wise comparison are done in terms of which elements dominates the other.

4. There are n(n-1)/Judgments required to develop the set of matrices in step-3.

Reciprocals nrc automatically assigned in each pair wise comparison.

5. Hierarchical synthesis is now used to weight the eigenvectors by the weights
of the criteria and the sum is taken over all weighted eigenvector entries
corresponding to those in the next lower level of the hierarchy.

6.

Having made all the pair wise comparisons, the consistency is determined by
using the cigen value, Amux, to calculate the consistency index, CI as follows
Cl = (Amux _ n)/ (n-1), where n is the matrix size. Judgment consistency can be
checked by taking the consistency ratio (CR) of CI with the appropriate value
in Table _ 3.2. The CR is acceptable if it does not exceed 0.10. If it is more,
the judgment matrix is inconsistent. To obtain a consistent matrix, judgments

should be reviewed and improved.

7. Step 3- 6 arc performed for all levels in the hierarchy.

Table 3,1 below represcnts the pair wise comparison scale for AHP preferences
proposed by salty. And table 3.2 represents the average values for the random

consistency.



14

Table 3.1 Pair wise comparison scale for AHP preferences

Numerical

Judgments  of preferences Ratin s

=N W oo N oo

Table 3.2 Average Random Consistency Index (R1)

Averplle random eonsistenclr (RI
Size of the matrix 1| 2 3 4 5 6 7 8 9 10
Random consistency 0 0 0.58 0.9 1.12° 1.24 1.32° 1.41 1.45" 1.49




Chapter Four

CONTRACTOR EVALUATION TECHNIQUES

4.1 Commonly Used Techniques

Prequalification of contractors means aiming at the elimination of incompetent
contractors from thc bidding process. Evaluation can aid the private and public in
achieving succcssful and efficient use of their funds by cnsuring that it will be a
qualified contractor who will work in the project. Furthermore, because of thc skill,
capability and efficiency of a contractor, completion of a project within the estimated
cost and time is more probable. Nguyen [24] argued that the evaluation process
remains largely an art where subjective judgment, bascd on individual experience,

becomes an essential part of the process.

Russel and skibnicwski [25] mentioned that the actual process of contractor
evaluation had rcceived little attention in the past. Russel and skibniewski [25] tried
to describe the con~ractor evaluation process along with the decision making
stratcgies and the factors that influence the process. They reported five mcthods that

thcy found in use for contractor cvaluation

Dimensional Weighting.
Two Step Prequalification.
Dimension Wise Strategy.

Prcqualification Formulae.

o > W D e

Subjcctive Judgment.

4.1.1 Dimensional Wecighting

In the dimcnsional wcighting mcthod, the choicc of selcction criteria and thcir
weights arc dependent on the owner. All contractors are ranked on the basis of the

criteria. A contractor is calculated by summing their rallks multiplied by their weight
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of the respective criteria. Then, contractors arc ranked on the basis of the criteria.
Then the contractors arc ranked on the basis of their total scores, and this rank order
of the contractors is used for evaluation. The problem with this method is deciding
the weight of the respective criteria, something for which the AHP does provide a

methodology.

4.1.2 The Two-Step I'requalifieation Method

The Two-Step prequalification method is a modification of the dimensional

weighting method. In the first step, screening of contractors is done on preliminary

factors. They must get through this step to be eligible for the second phase of

evaluation. In the second step, the dimensional weighting technique is used for more

specialized factors. This method is useful for quick removal of ineligible candidates.

4.1.3 Dimension Wise Strategy Method

In this method a list of the most important evaluation criteria is developed in

descending order depcnding on how important the criteria is. Contractors are then

evaluated on these factors. If a candidate fails to mcet any of the criteria, the

candidate is rcmoved from the evaluation process. The mcthod continucs until

contractors are measured on all criteria.
4.1.4 Prequalifieation  Formula Method

The prequalification formulae method cvaluatcs contractors on the basis of a formula
that calculate the maximum capability of a contractor. The maximum capability is
defined as thc maximum amount of uncompleted work in progress that the contractor

can have at any onc of time. In this method, the contractor's prequalification
dependent on the contractor's

is
maximum capability, current uncompleted work and

the size of the project under consideration. If the difference between the contractor's

capability and current uncompleted work is less than the project works, then the

contractor is removed from the bidding process.
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4.1.5 Subjective Judgmcnt Method

In some instances, owners may base their contractor selection decision on subjective
judgment and not on a structured approach. The judgment may be influenced by
owner biases, such as previous experience with the contractor or how well the

contractor's field state opcrates.

4.2 Contractol" Prcqualification  Evaluation by ADB

The purpose of this literature review here is to provide an idea on how a
prequalification is performed based on ADB [26] Standard Procurement Document
for the prequalilication of Bidders (SPQD) and how the application of the tcnderer's

are evaluated.

The SPQD is based on the Master Procurement Document entitled "Prequalification
Documents for Procurement of Works", prepared by multilateral development banks
and other public international financial institutions, and has the structure and the
provisions of the master procurement document, except where ADB specific

considerations have required a change.

The SPQD has becn prepared to facilitate prequalification of bidders for large and
complex civil works contracts, turnkey contracts, and contracts for the fabrication of
expensive and technically complex plant and cquipment. This is to ensure that only
firms with appropriate experience, a proven track record, and necessary annual
turnover, which are free of any major pending litigation, will be invited to submit
bids. The SPQD is to be used for the prequalification process for contracts to be
procurcd through International Competitive Bidding. An important feature of this

SPQD is that it can be used with minimum changes, as it does not contain

explanations, footnotes or examples.

ADB's Guidelines for Procurement require prequalification of bidders for most civil
works contracts, turnkey contracts, and contracts for the supply of expensive and

technically complex equipment. Prequalification is fullowed by a closed competitive
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bidding procedure in which only those finns meeting specified prequalifieation
criteria are invited to submit a bid. Prequalification should not be used for limiting
competition to a predetermined number of potential bidders. All applicants meeting

the specified criteria shall be allowed to bid.

ADB requires bidders to be pre qualified by meeting predefined, precise minimum
requirements. The method entails setting pass-fail criteria which, if not met by the
applicant, result in disqualification. Figure 4.1 represents the flow diagram of ADB's

contractor prequalification process.

The criteria adopted must relate to characteristics that are essential to ensure
satisfactory execution of the contract, and must be stated in unambiguous terms. In
essence, the criteria must be chosen so that only contractors who are well qualified to
carry out the contract arc permitted to bid. The criteria must also be set so that they
neither inhibit competition nor set a predetermined number of fimls to be pre
qualified. AIll firms that meet the criteria should be invited to bid. Figure 4.2

represents the flow diagram of ADB's contractors post qualification evaluation.

An applicant's capabilities to perfornl the contracts satisfactorily are established in
respect of

* Eligibility

« Pending Litigation

* Financial Situation

* Experience.
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4.3 Contractor  Prequalification  Evaluation by World Bank

Standard Procurement Document "Prequalification Document for Procurement of
Works and User's Guide" has been prepared by the World Bank [27] and is based on
the Master Procurement Document "Prequalification Document for Procurement of
Works and User's Guide" prepared by the multilateral development banks and

international financing institutions.

This document reflects the majority view of these institutions and is to be used when
a prequalification process takes place prior to the bidding process for procurement of
works through International Competitive Bidding (ICE) in projects that are financed

in whole or in part by the World Bank.

This document is organized into two (2) main components

The Prequalification Document for Procurement of Works; and

A User's Guide for the Prcqualification Document for Procurement of Works.

Qualification Criteria and Requirements are to specify the criteria and corresponding
requirements that the employer shall use to evaluate the applications and pre qualify
the applicants. The Employer shall specify the "Qualification Criteria and

Requirements” in the Standard Tabular Form. The four main qualification criteria are

Eligibility
Historical Contract Non-Performance

Financial Situation

A w Db e

Experience

The Bank's policy on prequalification is that all potential bidders that meet
predefined minimum requirements regarding general construction  experience;
particular or specialized experience; financial capabilities; personnel capabilities, and

equipment availability should be invited to bid.
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The procedure requires the implementing agency (employer) to set pass/fail criteria
which, if all arc not mct substantially by the applicants, would cause them to bc
disqualificd. Thc criteria adopted must rclate to charactcristics that are essential to
ensure satisfactory execution of the subject contract (or each contract with slice and
package bidding), and they must be precisely stated. Basically, the criteria must be
chosen so that only applicants that are qualified to carry out the work are pemlitted to
bid. The criteria must also be set so that they neither inhibit competition nor limit the

number of eligible firms to be pre qualified. All applicants that meet the criteria

should be invited to bid.

Post Qualification Evaluation like the verification of availability of resource (liquid
assets or line of credit, key personnel and equipment) should be made at the time of
contract award, rather than at the qualification stage. Therefore, such criteria have

not been included in the SPD (Standard prequalifieation Document).
4.4 Standanl Contractor Evaluation Proccdurcs - CPTU (GOB)

Bangladesh constitution had no direct provision on public procurement nor did any
nationally applicable procurement law existed to regulate approximately US$ 3
billion per year of govcrnment procurement. Nationally applicable procurement rules
in the public sector in Bangladesh were yet to be established. Each department and
public sector entity had its individual manuals and procedures. Inadequate
procurement expertise, complex bureaucratic decision-making processes, lack of
transparency, allegations of corruption in the procurement of goods, works and

services had contributed considerably to slow down project implementation.

Project implementation was also hampered by the poor selection criteria for key
personnel including project directors who arc not fully familiar with project
management concepts and procurement procedures. Hence the need for improved
governance in public sector procurement was inevitable. It was felt that in order to
achieve this, a permanent unit should be established to provide technical advice to all
agencies of the government including ministries. The CPTU (Central Procurement

and Technical Unit) of the 1MED (Implementation Monitoring and Evaluation

Division) [28] was that permanent unit.
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Thc purposc of this litcraturc revicw hcre, is to provide an idea on how Contractors
are being evaluatcd for procurement of construction works. This evaluation is based
on Standard Tcndcr Documcnt (STD) devcloped by Central Procurement Technical
Unit (CPTU) of thc Implementation Monitoring and Evaluation Division (IMED),
Ministry of Planning, Bangladesh.

4.4.1 Pre Qualification

The prefcrred practice for large or complex works.

To ensurc only firms with adequatc experience, resources, qualifications and

expertise are selcctcd to tender.

4.4.2 Post Qualification
e The post-evaluation check to assess capacity.
e To ensure adequate, cxperience, resources, qualifications and expertise

available exist in the sclected firm

4.4.3 I'rcqualifieation  ProceSs
» Employcr drafts pre-qualification advertiscment and prepares standard pre-
qualification form for responses.
» Advertisement placed in accordance with Regulation.
Responses submitted in accordance with deadline and document requirements
(28 days minimum period)
Submissions reccived, evaluated and summary preparcd (no public opening).
Late submissions returned unopened.
Applicants notified and qualified firms invited to submit tenders
Updated information provided as part of Standard Tender Document (STD)

e Post-qualification check prior to Contract Award

Table Al and Table A2 represent sample invitation forms for contractor

prequalification evaluation.
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4.4.4 Criteria for Evaluation

Evaluation Pre-set Pass or Fail Basis
e Legal Detail Registration, trading status, ownership

Financial Detail Liquidity, currcnt work load, capacity and potcntial

» Litigation Detail History, current disputes, pending cases

Resources Detail Levels and qualifications of key staff, equipment capacity,
workshops, location, dcployment of specialist sub-contractors
Experience Detail Range of work, management capacity, gencral construction

experience, relevant specialist work.



Chapter Five

USING AHP IN CONTRACTOR EVALUATION

For applying thc Analytical Hicrarchy Process (AHP) in selecting the best pre-
qualifying contractor for accomplishing a project, a real time case study is presented
here. Using this casc study the output results of Al-1I" are compared with the output

results ofthc traditional approach (kind of Weighted Sum Model).

This case study is involved to sub-contractor prequalilication evaluation problem of
Navana Construction Limited, a fully-fledged construction wing of Navana Group.
Sub-contractor prequalilication problem is chosen bccausc in any large construction
company selcction of competent sub-contractor is very important. Appropriate sub-
contractor evaluation is a systcmatic approach, which can save not only a huge
amount of money in construction projects, but also can work toward joint continual
improvement for mutual bcnclit in the background linkage cnsurmg due time

complction of thc construction projects.

Navana Construction Ltd. (NCL), a fully-flcdged construction wmg of Navana
Group came into physical cxistence in 1996 under the Chairmanship of Mr. Shaliul
Islam Kamal, the Ex-Vicc Chairman and the very Key Person of Islam Group was
responsiblc  for procurement & the execution of the construction jobs of Bcngal

Dcvelopment Corporation (BDC), the construction company of the Islam Group.

NCL comprises of highly experienced and skillcd Engineers and Technical Persons
of BDC who switched ovcr to Navana after the formation of this company. The
Enginccrs and thc Technical Personnel do have the working experience in big
construction works in Bangladesh. To name a few of the projects arc - Embankment
and River Dredging projccts under Water Development Board, Road Construction
undcr Roads & Highways Dcpartment and othcr Govt. and private construction as
well as some projects in abroad like Road & Pre-Casted Housing Project in UAE,

Housing Projcct in YEMEN and IRAQ.
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Within a short span of time since its inception it has been famed and widely entrusted
as one of the leading Construction Company in Bangladesh already having working
experience with variolis Govt., non-Govt. and private construction. The reputation of
NCL has reflected in awarding of contracts from various Embassies and foreign

organizations working in Bangladesh.

NCL is enlisted with various Govt., non-Govt. Organizations such as Public Works
Deportment (PWD), Bangladesh Water Development Board (BWDB), Housing &
Settlement Department (H&SD), Military Engineering Services (MES), Dhaka City
Corporation and Roads & Highways Department (RHO).

This case study involved four very senior engineers from the construction department

ofNavana Constructions Limited nominated by the chief engineer, who often had to

deal with the sub-contractor evaluation for construction projects, supervise the

ongoing projects and had sufficient knowledge in project management field.

5.1 Traditional Sub-Contractor Prcqualification Evaluation Approach

Navana Glory is a six-storied apartment project, for which the sub-contractors

prequalification evaluation is illustrated below. The factors used in .this project for

prequalification are

I.  Annual Turnover. (ATR)

Availability of Liquid assets. (ALS)
Key Personnel. (KP)

Plant and Equipments. (PE)
Experience \\ith similar works. (ESW)
Experience with other works. (EOW)

N o o M w D

Contract Execution Capacity. (CEC)

Table A3, Table A4 and Table A5 represent the Evaluation Criteria for

Prequalification of Sub-Contractors in Navana Constructions Ltd.
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Limited for

contractor prequalification evaluation. Table 5.1 below represents the information of

the subcontractors A, B, C, D, E & F for the project for which sub contractors wish

to pre qualify. And furthermore table 5.2 depicts the ::cores on each criterion of the

evaluation for the sub contractors.

Table 5.1 Information of the Pre-qualifying Sub-Contractors

Subcontractor A B E F
nnual Between 25- Between 20 etween 25- ess than 20
nillion
etween 1S-
Omillion
Plants and
Equipmcents
Expcricnce
vith similar
vorl,s
Expcricncc Between 25- Between 20- ore than etween 20-
vith othcr 30 million 5 million 0 million 5 million
vorks
Contract Condition Condition Condition ondition
Exccution not Met met lot met ot met
ea aei
Tablr 5.2 Scores of the Pre-qualifying Sub-Contractors
| Subcontractors A B C D E E
Annual Turnovcr(20) 16 | 12 | 20 12| 16| 8
Availability of Liquid Asscts(10) 8 6 8 10 [ 10| 8
Kcv Personnc)(7) 6 7 7 6 7 6
Plants and Eauilllllents(S) 3 2 5 5 5 3
EXllcricnce with similar works(30) 20 [ 20 | 25 | 20 [ 15| 15
Exncricnce with othcr works(lS) 17 16 | 18 | 17 | 18 | 16
Contract Exccution cllllacitv(10) 0 10 0 10 O 10
Total SCOI'C 70 73 8 8 71 66

For the traditional

subcontractor for performing the project having the highest score of 83.

approach subcontractor C is selected as the best pre qualifying
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5.2 Sub-Contnictor  Prequalifieation  Evaluation with Alil'

Analytical Hierarchy Process (AHP) far evaluatian af the subcantractars far the
same praject is illustrated belaw. At first the decisian-makers have to. indicate
preferences ar priarity far each decisian alternative in terms af haw it cantributes to.
each criterian. The pair wise eamparisan matrices are fOimed by callecting the data

from interviewing the related persannel.

Then the fallawing need to.be dane manually

I. Synthesizing the pair-wise camparisan'matrix.
Calculating the priarity veetor far eaeh eriterian.
Caleulating the cansisteney ratio.;

Calculating Amax ;

Calculating the cansistency index, Cl;

o oA w N

Selecting appropriate value af the randam cansistency ratio. from Table 3.2;
and
7. Checking the cansistency af the pair-wise campansan matrix to. check

whether the decisian-maker's cam parisans were cansistent ar nat.

5.2.1 Pair-wise Comparison for Annual Turnover

By interviewing faur seniar engineers afNavana Canstructian Ltd. we farm the table

5.3 far pair wise camparisan af the sub cantraetars based an the eriterian "Annual

Turnaver".
Table 53 Pairlwise Cgmparisgn Mafrix far| Annual | Turnovgr
Annual R o ~ - — =
Turnover o - M - ~ '

A 1 43 1 4/5 | 4/3 | 9110 2
B 3/4 1 | 3/5 o1 | 34| 32
C 5/4 5/3 1 5/3 o/4 5/2
D 3/4 1 1019 | 3/5 1 3/4 3/2
E 009 [ I3 [&- (43 T | 2 |
F 12 1 2/3 | 2/5 | 2/3 1/2 1

Column

536 711 42 6.9 5.15 10.5
Total
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Synthesizing the pair wise comparison matrix & this is performed by dividing each
clement of the matrix by its column total. Table 5.4 represents the synthesized matrix
table for "Annual Turnover”. The priority vector is obtained by finding the row

averages.

|_Annual A B C D E F

Priority
Turnovel' Vector
A 0.187 0.188 | 0.190 | 0.193 0.175 0.190 0.187

B 0.140 | 0.141 | 0.143 | 0.130 | 0.146 | 0.193 0.141
c 0.233 | 0.234 | 0.238 | 0.242 [ 0.243 | 0.238 0.238
D 0.140 | 0.156 | 0.143 | 0.145 | 0.146 [ 0.143 0.146
E
F

0.207 | 0.188 [ 0.190 | 0.193 | 0.194 | 0.190 0.194
0.093 0.094 0.095 0.097 0.097 0.095 0.095

Now calculating the weighted sum matrix, we get the values 1.125, 0.843, 1.430,
0.874, 1.165 & 0.572 as the values of the weighted sum matrix. Dividing all the
clements orthe weighted sum matrix by their respective priority vector element, we
obtain Ama,

Anlax = 6.01
Now we find the consistency index, ClI, as follows
Cl = (Amax - n)/(n-1) = 0.002
Selecting appropriate value of random consistency ratio, RI, for a matrix size of six
using table 3.2, we find RI=1.24. We then calculate the consistency ratio, CR, as
follows

CR = CIIRI = 0.0016

As the value ofCR is less than 0.1, the judgments arc acceptable.
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5.2.2 Pair wise Compal'ison for Availability of Liquid Assets

By interviewing four senior engineers of Navana Construction Ltd. we form the table
55 for pair wise comparison of the sub contractors based on the criterion

"Availability of Ligliid Assets".

Table—5-5-RPaiwise Comparisqgn—Matrix—for-AvaHability—of

c—o

jaHd—Assets

Availability of A B C D E F
g--Il-0 uid_assets

T 4/3 1019 | 415 4/5 2

3/4 | 3/4 3/5 3/5 3/4
9/10 | 473 ] 45 | 45 | 119
5/4 5/3. | 5/4 | 1019 514
5/4 5/3 5/4 | 9/10 | 5/4
177 473 9/11 475 4/5 I

Column Total 565 833 6.18 49 5.11 7.47

Tfm|o (O] o

Synthesizing the pair wise comparison matrix & this is perfomled by dividing each
clement of the matrix by its column total. Table 5.6 represents the synthesizcd matrix
table for "Availability of Liquid Assets". Thc priority vector is obtained by finding

thc row averages.

Table 5.6-Synthesized Matrix—for-Availability of Liquij4 Asscts
Availability of A B C D E F Priority
liquid Assets Vector
A 0.177 | 0.160 | 0.180 | 0.163 | 0.157 | 0.268 0.184
B 0.133 | 0.120 | 0.121 | 0.122 | 0.117 | 0.100 0.119
C 0.159 | 0.160 | 0.162 | 0.163 | 0.157 | 0.163 0.161
D 0.221 | 0.200 | 0.202 | 0.204 | 0.217 | 0.167 0.202
E 0.221 | 0.200 | 0.202 | 0.184 | 0.196 | 0.167 0.195
F 0.088 0.098 0.132 0.163 0.157 0.134 0.129

Now calculating the wcightcd sum matrix, we get the values 1.097, 0.713, 0.961,
1.210, 1.168 & 0.829 as thc valucs of the weighted sum matrix. Dividing all the
clements of thc wcighted sum matrix by thcir rcspeetive priority vector clement, We
obtain Ama,

A,nax 6.055
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Now we find the consistency index, CI, as follows
Cl =(Anax - N)/(N-1) =0.011

Selecting appropriate value of random consistency ratio, RI, for a matrix size of six
using table 3.2, we find RI=1.24. We then calculate the consistency ratio, CR, as
follows

CR = CIIRI = 0.009

As the value of CR is less than 0.1, the judgments arc acceptable.
5.2.3 Pair wise Comparison for Key Personnel
By interviewing four senior engineers ofNavana Construction Ltd. we form the table

5.7 for pair wise comparison of the sub contractors based on the. criterion "Key

Personnel”.

| ot L | ot |
Key A B Cc D E

F
Personnel
A | 6/7 6/7 4/3 6/7 5/3
B 7/6 | 8/7 7/6 8/7 7/6
C 7/6 7/8 I 7/6 10/7 | 7/6
D 3/4 6/7 6/7 I 6/7 4/3
E 7/6 7/8 7/10 7/6 I 7/6
F 3/5 6/7 6/7 3/4 6/7 I

Column Total 585 532 541 658 614 75

Synthesizing the pair wise comparison matrix & this is performed by dividing each
element of the matrix by its column total. Table 5.8 represents the synthesized matrix
table for "Key Personnel". The priority vector is obtained by finding the row

averages.
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S A A O Nt A A B

Key Priority
Pcrsonncl Vector
A 0.171 0.161 0.158 0.203 0.140 0.222 0.176
] 0.199 0.188 0.211 0.177 0.186 0.155 0.186
C 0.199 0.164 0.185 0.177 0.233 0.155 0.186
J) 0.128 0.161 0.158 0.152 0.140 0.177 0.153
E 0.199 0.164 0.129 0.177 0.163 0.155 0.165
F 0.103 0.161 0.158 0.114 0.140 0.133 0.135

Now calculating the weighted sum matrix, we get the values 1.065, 1.128, 1.126,
0.925, 0.999 & 0.816 as the values of the weighted sum matrix. Dividing all the
elements of the weighted sum matrix by their respective priority vector element, We
obtain Amax

Amax = 6.05

Now we lind the consistency index, ClI, as follows

Cl = (Amax - n)/(n'l) =001

Selecting appropriate value of random consistency ratio, RI, for a matrix size of six
using table 3.2, we lind RI=1.24. We then calculate the consistency ratio, CR, as
follows

CR = CI/RI =0.008

As the value of CR is less than 0.1, the judgments arc acceptable.

5.2.4 Pair wisc Comparison for I'lant and Equipmcnts

By interviewing four senior engineers ofNavana Construction Ltd. we form the table

5.9 for pair wise comparison of the sub contractors based on the criterion "Plant and

Equipment".
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Table 5.9 Pair wise Comparison Matrix for Plant and Equipments

Plant & A B C D E F
E(Juinmcnts

A |_[ 32 | 35 | 35 | 35 [ 43

B 213 L | 25 [ 25 [ 25 | 23

C 5/3 | 52 | 6/5 | 7/5 | 53

0 5/3 | 52 | 5/6 I_| 6/5 [ 53

E 53 | 52 | 57 | 56 | I | 53
| m [ 3% [ 312 [ 35 [ 35 [ 35 [ T |
Columil Total 742 115 415 463 52 8.0

Synthesizing the pair wise comparison matrix & this is performed by dividing each
clement of the matrix by its column total. Table 5.10 represents the synthesized
matrix table for "Plant and Equipment". The priority vector is obtained by finding

the row averages.

ﬁwewwm—mwl

Plant & Priority
Eouinmcents \/cctor
A 0.135 0.130 0.145 0.130 0.115 0.166 0.137
B 0.090 0.087 |I,0.096 0.086 0.077 0.083 0.087
C 0.225 0.217 0.241 0.259 0.270 0.208 0.237
D 0.225 0.217 0.201 0.216 0.231 0.208 0.216 |
E 0.225 0.217 0.172 0.180 0.192 0.208 0.199 |

0.101 0.130 0.145 0.130 0.115 0.125 0.124

Now calculating the weighted sum matrix, we get the values 0.824, 0.522, 1.427,
1.305, 1.201 & 0.748 as the values of the weighted sum matrix. Dividing all the
elements of the weighted sum matrix by their respective priority vector element, We
obtain Amax

"nax = 6.02

Now we find the consistency index, ClI, as follows

Cl = (Anax - N)/(n-1) =0.004
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Selecting appropriate value of random consistency ratio, RI, for a matrix size of six
using table 3.2, we find RI=1.24. We then calculate the consistency ratio, CR, as
follows

CR = CIIRI =0.003

As the value of CR is less than O.l, the judgments are acceptable.
5.2.5 Ilir wise Comparison for Expericncc with Similar Works
By interviewing lour scnior cngineers ofNavana Construction Ltd. we form the table

511 for pair wise comparison of the sub contractors based on the criterion

"Experience with Similar Works".

| 1Ll D : 3 o : | W, P £ | - : adtla ol H |
Table (5HPair—wise—€ partSof—iviattx—rorcxXpertence —witr—ptihat Works

Exp with A 8 C D E =
similar works

A [ 34 | 45 | 35 | 43 | 107
B 4/3 I | 45| 56 | 43 | 1007
C 514 | 5/4 | 5/4 | 5/3 | 53

D 53 [ 6/5 | 4/5 [ 413 | 43

E 34 | 34 | 35| 34 [ 4/3

F 7110 | 7/10 | 3/5 | 3/4 | 3/4 1|

Column Total 6.7 565 46 518 742 819

Synthesizing thc pair wise comparison matrix & this is performed by dividing each
element of the matrix by its column total. Table 5.12 represcnts the synthcsized
matrix table for "Experience with Similar Works". The priority vector is obtained by

finding the row averages.

Iifa'b'fe_&i'?' i i i i fitar vvwkr
Exp with A B C D E F Priority
similar \Vcctor
works
A 0.149 0.133 0.174 0.116 0.180 0.174 0.154
8 0.199 0.177 0.174 0.161 0.180 0.174 0.178
C 0.187 0.221 0.217 0.241 0.225 0.204 0.216
D 0.249 0.212 0.174 0.193 0.180 0.163 0.195
E 0.112 0.133 0.130 0.145 0.135 0.163 0.136
F 0.104 0.124 0.130 0.145 0.101 0.122 0.121
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Now calculating the weighted sum matrix, we gct the values 0.931, 1.073, 1.303,
1.181,0.822 & 0.731 as the values of the weighted sum matrix. Dividing all the
clements of the weighted sum matrix by their respective priority vector element, We
obtain Amax

Anax = 6.04
Now we find the consistency index, ClI, as follows
Cl = (Amax - N)/(n-1) = 0.008

Selecting appropriate value of random consistency ratio, RI, for a matrix size of six
using table 3.2, we find RI=1.24. We then calculate the consistency ratio, CR, as
follows

CR = CI/RI =0.006

As the value of CR is less than 0.1, the judgments arc acceptable.
5.2.6 Pair wise Comparison for Experience with Other Works
By interviewing four senior engineers ofNavana Construction Ltd. we form the table

5.13 for pair wise comparison of the sub contractors based on the criterion

"Experience with Other Works".

Tabler5- H—H t 'rfe&!:—qpeﬁeﬁer—wi-t-h—ﬁfheﬂ%orks
A B C D E F

Exp with
othel' works

A I 9/8 9/10 | 7/8 4/3 5/3

B 8/9 | 8/9 4/5 8/9 '1/3
C 10/9 9/8 | 9/8 5/3 9/8

D 8/7 5/4 8/9 | 7/8 9/8

E 3/4 9/8 3/5 3/7 | 10/9
F 3/5 3/4 8/9 8/9 | 9/10 I

Column Total 549 638 517 583 6.66 7.36
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Synthesizing the pair wise comparison matrix & this is performed by dividing each
element of the matrix by its column total. Table 5.14 represents the synthesized
matrix table for "Experience with Other Works". The priority vector is obtained by

finding the row averages.

| Exp with | I I I I I I I
other A B C D E F Priority
works \Vector

A 0.182 | 0.176 | 0.174 | 0.150 | 0.200 | 0.226 0.185

n 0.i62 | 0.157 | 0.172 | 0.137 | 0.133 | 0.181 0.157
C 0.202 | 0.176 | 0.193 | 0.193 | 0.250 | 0.153 0.195
D 0.208 [ 0.196 | 0.172 | 0.172 | 0.131 | 0.153 0.172
E
F

0.137 | 0.176 | 0.116 | 0.196 | 0.150 | 0.151 0.154
0.108" 0.118 0172 0152 0.135 0.136 0.137

Now calculating the weighted sum matrix, we get the values 1.121, 0.952, 1.181,
1.042, 0.935 & 0.831 as the values of the weighted sum matrix. Dividing all the
elements of the weighted sum matrix by their respective priority vector element, We
obtain Amx

Amax = 6.06

Now we find the consistency index, ClI, as follows

Cl = (Amax - n)/(n-l) = 0.012

Selecting appropriate value of random consistency ratio, RI, for a matrix size of six
using table 3.2, we find RI=1.24. We then calculate the consistency ratio, CR, as
follows.

CR = CI/RI =0.010

As the value ofCR is less than 0.1, the judgments are acceptable.
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5.2.7 Pair wise Comparison for Contract Exccution Capacity

By interviewing four senior engineers ofNavana Construction Ltd. we form the table
5.15 for pair wise comparison of thc sub contractors bascd on the criterion "Contract

Exccution Capacity".

Table 5.15 Pair wise Comparison Matrix for Contract Fxecution Capacity
Contract
Execution A 8 C D E F
_ CalJacity
A 1 5/6 5/7 5/6 3/4 5/4
8 6/5 | 6/7 3/4 6/5 3/2
C 7/5 7/6 1 7/8 7/5 7/4
0 6/5 4/3 8/7 1 6/5 3/2
E 4/3 5/6 ol 5/6 ] ol4
F 4/5 2/3 417 2/3 4/5 1
wl 6.93 5.83 5.00 4.96 6.35 8.25
Total

Synthesizing the pair wise comparison matrix & this is performed by dividing each
clement of the matrix by its column total. Table 5.16 represents the synthesized
matrix table for "Contract Execution Capacity”. The priority vector is obtaincd by

finding the row averages.

Tahle 516 Qym‘hncim Matrix for Contract Execution (‘npnr‘ity

Contract
Exccution A 8 C D E F Priority
Capacity Vector

0.144 0.143 0.143 0.168 0.118 0.152 0.145

0.173 0.172 0.171 0.151 0.189 0.182 0.173

0.202 0.200 0.200 0.176 0.220 0.212 0.202

0.173 0.229 0.229 0.202 0.189 0.182 0.201

0.192 0.143 0.143 0.168 0.157 0.152 0.159

n|m|ojo|m|>

0.115 0.114 0.114 0.134 0.126 0.121 0.121
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Now calculating the weighted s matrix, we get the values 0.871, 1.043, 1.217,
1.209, 0.960 & 0.729 as the values of the weighted sum matrix. Dividing all the
elements of the weightcd stun matrix by their respective priority vector element, We
obtain Amax

Amax =6.02

Now we find the consistency index, ClI, as follows

Cl = (Anix - nY/(n-1) = 0.004

Selecting appropriate value of random consistency ratio, RI, for a matrix size of six
using table 3.2, we find RI=1.24. We then calculate the consistency ratio, CR, as

follows
CR = CI/RI =0.003

As the value of CR is less than 0.1, the judgments are acceptable.

5.2.8 Pair wise Comparison of the 7 Criteria

By interviewing four senior engineers ofNavana Construction Ltd. we form the table

5.17 for pair wise comparison of the sub contractors based on the Seven Criterion.

Tahle 517 Pair wise "‘nmlnaricnn Maitrix for the 7 Criteria
Criteria ATR | ALS KP PE ESW | EOW | CEC
ATR | 2 3 4 213 1079 2
ALS 1/2 I 10/7 2 1/3 5/9 4/3
KP 1/3 7/10 I 7/5 1/4 7/18 7/10
I'E 1/4 1/2 5/7 I 1/6 1/4 1/2
ESW 372 3 4 6 | 573 3
EOW o0 | o/ | 187 4 35 | o
CEC 1/2 3/4 10/7 2 1/3 5/9 |

| Column |

4.98 9.75 1414 204 3.35 5.53 10.33
Total
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Synthesizing the pair wise comparison matrix & this is perfonned by dividing each
element of the matrix by its column total. Table 5.18 represents the synthesized

matrix table for "Seven Criterion". The priority vector is obtained by finding the row

averages.
Table 5.18 Synthdsized Matrix for fthe 7 Critgria
Criteria ATR ALS RP PE ESW—T EOW—CEC P\Ijé%igg
ATR 0.201 | 0.205 | 0.212 | 0.196 | 0.199 | 0.201 | 0.194 0.201
ALS 0.100 | 0.103 | 0.101 | 0.098 | 0.099 [ 0.100 | 0.129 0.104
KP 0.067 | 0.072 | 0.071 | 0.069 | 0.075 | 0.070 | 0.068 0.070
PE 0050 [ 0051 | 0051 | 0049 | 0.050 | 0.045 [ 0.048 0.049
ESW 0.301 | 0.308 | 0.283 | 0.294 | 0.299 | 0.301 [ 0.290 0.297
EOW 0.181 | 0.185 | 0.182 | 0.196 | 0.179 | 0.181 | 0.174 0.183
CEC 0.100 0.077 0.101 0.098 0.099 0.100 0.097 0.096

Now calculating the weighted sum matrix, we get the values 1.048, 0.731, 0.491,
0.345, 2.078, 1.278 & 0.673 as the values of the weighted sum matrix. Dividing all
the elements of the weighted sum matrix by their respective priority vector clement,
We obtain Ajax

Amax = 7.01

Now we lind thc consistcncy index, ClI, as follows

Cl = (Amax - n)/(n-1) = 0.002

Selecting appropriate value of random consistency ratio, .RI, for a matrix size of
seven using table 3.2, we find RI=1.32. We then calculate the consistency ratio, CR,
as follows.

CR = CIIRI =0.003

As the value of CR is less than 0.1, the judgments arc acceptable.
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5.2.9 Priority Ilatrix for contractOl' prcqualilication

Table 5.19 below represents the overall priority matrix for contractor prequalification

as per calculation.

Table 5.19 Priority| matrix fqr contractpr prequaljfication
OVERALL
ATR ALS K1 I"E | ESW [ EOW CEC PRIORITY

(0.201) | (0.104) | (0.070) [ (0.049) | (0.297) | (U.183) [ (U.USO) ™—yECTOR
Al 0187 0.184 0.176 0.137 0.154 0.185 0.145 0.169
Bl 0141 0.119 0.186 0.087 0.178 0.157 0.173 0.156
C| 0.238 0.161 0.186 0.237 0.216 0.195 0.202. 0.208
| Df 0146 | 0202 [ 0.153 0.216 0.195 0.172 0.201 0.180
E| 0194 | 0195 | 0165 | 0.199 | 0136 | 0.154 | 0.I59 0.164
F  0.095 0.129 0.135 0.124 0.121 0.137 0121 U121

Overall priority of contractor A = 0.187(0.201) + 0.184(0.104) + 0.176(0.070) +
0.137(0.049) +0.154(0.297) +0.185(0.183) + 0.145(0.096) =0.169

Overall priority of contractor B = 0.141(0.201) + 0.119(0.104) + 0.186(0.070) +
0.087(0.049) +0.178(0.297) +0.157(0.183) +0.173(0.096) = 0.156

Overall priority of contractor C = 0.238(0.201) + 0.161(0.104) + 0.186(0.070) +
0.237(0.049) +0.216(0.297) +0.195(0.183) +0.202(0.096) = 0.208

Overall priority of contractor 0 = 0.146(0.201) + 0.202(0.104) + 0.153(0.070) +
0.216(0.049) +0.195(0.297) +0.172(0.183) +0.201(0.096) = 0.180

Overall priority of contractor E = 0.194(0.201) + 0.195(0.104) + 0.165(0.070) +
0.199(0.049) +0.136(0.297) +0.154(0.183) +0.159(0.096) =0.164

Overall priority of contractor F = 0.095(0.201) + 0.129(0.104) + 0.135(0.070) +
0.124(0.049) +0.121(0.297) +0.137(0.183) +0.121(0.096) =0.121

For prequalilication purposes, the contractors are now ranked according to their
overall priorities, as follows C, D, A, E, B & F, indicating that C is the best qualified

contractor to perform the project.




Chapter Six

RESULTS AND DISCUSSIONS

The data and information required in this study about sub contractor's evaluation
wcre directly obtained from the firm. Survey and extensive interview wcre necessary
to judge the data collection. roorour evaluation purposes we interviewed four very

senior engineers of the finn.

All necessary data and information could not be collected due to various reasons. It
might be due to lack of assistance at the time of interview or it might be because of
lack of information due to confidentiality. Sometimcs data were approximated vcry
close to actual data. In our case study, we focused only on the major criteria for sub

contractor prequalification evaluation in order to avoid complexities in calculations.

roorsub contractor pre qualilication evaluation of Navana Contructions Ltd. the most
commonly used critcria are annual turnover (ATR), availability of liquid assets
(ALS), key personnel (KP), plants and equipments (PE), experience with similar
works (ESW), experience with other works (EOW) and contract cxecution capacity

(CEC).

For our particular case the chief engineer of Navana Constructions Ltd. first decided
who should be the dccision makers and how much weight each criteria should
contain. roordata collection and interviewing purposes he nominated four very senior
engineers who were directly involved in decision concerning sub contractor

evaluation.

Finally with the help of spreadsheet analysis | analyzed the collected data. The
analysis is dcvelopcd bascd on the mathematical model discussed thoroughly in the
previous scctions. This modcl can easily aid to select the best prc qualifying
contractor both quantitatively and graphically. Table 6.1 below, represents the final

overall priority values of each pre-qualifYing subcontractor for our case study.
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Tapte 6.t Overattjpriority values for gact subcotractor
ATR ALS KP I"E [ ESW EOW (T CEC | OVERALL
2010 | (0.104) | (0.070) | (0.049) | (0.297) | (0.183) | (0.096) | PRIORITY
VECTOR
Al 0187 0.184 0.176 0.137 0.154 0.185 0.145 0.169
13 0.141 0.119 0.186 0.087 0.178 0.157 0.173 0.156
C | 0.238 0.161 0.186 0.237 0.216 0.195 0.202 0.208
D | 0.146 0.202 0.153 0:216 0.195 0.172 0.201 0.180
E [ 0.194 0.195 0.165 0.199 0.136 0.154 0.159 0.164
F  0.095 0.129 0.135 0.124 0.121 0.137 0.121 0.121

In figure 6.1 below, the pre qualifying contractors for our case study is represented
graphically. It is associated with its quantitative portion for its easy understanding.
From the bar diagram and overall priority table we find that contractor C should be

selected due to its highest overall priority.
Ove ralll'riority  of the Contractors
0.25

0.2

0.15

l:¢2% 5

0.05

A B C D E
Contn,ctors

Figure 6.1 Graphical representations of the pre qualifying contractors

Spreadsheet analysis provides better scope for sensitivity analysis and what-if
analysis scenarios. Sensitivity analysis can be performed to identify the more
sensitive alternatives and to the greater extent this analysis can alert the project
owner ahead of the situation. When a large number of criteria and alternatives are
considered, the number of pair wise comparisons may increase quickly; in these

types of situations spreadsheet analysis can come really handy.
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For explaining the sensitivity analysis two scenarios are formed. The first scenario is

fOll1lcdby changing the pair wise comparisons of the contractors

based on the

evaluation criteria used in the case study. Table 6.2 illustrates the overall priority

values for each contractor according to this first sccnario and figure 6.2 represents

this first sccnario graphically.

Tabte6-2-Overghtpriorityvatues—for each—subgontractory(firstscgmario)

ATR ALS KI' PE ESW EOW CEC | OVERALL
| [ (0.201) | (0.104) | (0.070) | (0.049) | (0.297) | (0.183) | (0.096) PRIORITY
| VECTOR |

A | 0244 0.326 0.257 0.234 0.159 0.241 0.141 0.217
B | 0122 0.102 0.185 0.071 0.204 0.138 0.152 0.152
C | 0.205 0.146 0.161 0.244 0.220 0.176 0.203 0.197
D | 0.164 0.165 0.134 0.170 0.191 0.183 0.209 0.178
E | 0.185 0.149 0.144 0.178 0.120 0.138 0.188 0.150 |
F  0.080 0.112 0.120 0.102 0.107 0.1124  0.107 0.106
Ovemll Priority or tile Contractors
0.25
0.2
(0]
°C
2 015
m
¥oo01
>
(@]
0.05
0
A C 0] E F
Contractors

Figure 6.2 Graphical representations of the pre-qualifying contractors (first scenario)

From the bar diagram figure 6.2 and overall priority table 6.2, we find that contractor

A should be selected due to its highest overall priority according to this changed first

scenario.



The second sccnano

is formed by changing the pmr wise compansons
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of the

contractors based on the evaluation criteria along with the comparison criteria used

in the case study. Table 6.3 illustrates the overall priority values for each contractor

according to this second scenario and figure 6.3 represents this second scenario

graphically.
Tabte G 3 OverattTpriority yatues foreachsubcpmntractor J{Seconmd—sgemario)
ATR ALS KP I'E ESW | EOW CEC | OVERALL
|| (0.164) | (0.126) | (0.069) | (0.048) | (0.329) | (0.174) | (0.090) PRIORITY
VECTOR
Al 0154 0.326 0.257 0.234 0.159 0.241 0.141 0.163
B | 0.110 0.102 0.185 0.071 0.204 0.138 0.152 0.151
| C | 0193 | 0146 | 0161 | 0.244 0.220 0.176 0.203 0.199
D | 0.308 0.165 0.134 0.170 0.191 0.183 0.209 0.209
E | 0.147 0.149 0.144 0.178 0.120 0.138 0.188 0.156
F  0.089 0.112 0.120 0.102 0.107  0.1124  0.107 0.122
Ove mil Priority of the Contractors
0.25
0.2
-S 0.15
1.
:"l' 0.1
o)
0.05
0
A B c D E F
Contractors

Figure 6.3 Graphical representations of the pre-qualifying contractors (second scenario)

From the bar diagram figure 6.3 and overall priority table 6.3, we find that contractor

D should be selected due to its highest overall priority according to this changed

second scenario.




Chaptcr Scvcn
CONCLUSIONS AND RECOMMENDA nONS

7.1 Conclusions

In recent ycars, projects arc becoming vcry common phenomenon in all the
organiziltional busilKS, units. Especially for the construction companies, every
construction work they perform is an example of ideal project. The primary challenge
of project management was to achieve all of thc project goals and objectives while
adhering to classic project constraints usually scope, quality, time and budget. The
secondary and more ambitious challenge was to optimize the allocation and

integration of inputs neccssary to meet pre-defined objectives.

The new challenge may be considered like dealing with the number. of alternatives
that have grown dramatically in the ficld of Project Management. Managers have to
deal more with conflicting goals nowadays. In ease of construction projects selecting
the bcst contractor among many contractors may be considered as one of this
particular type. Recently, much research effort has been devoted to the method -
Analytical Hierarchy Process (ABP) for solving problems with multi-criteria decision
making. An important characteristic of AHP is its ability to incorporate both
guantitative and qualitative factors. It has great applicability in contractor evaluation
for any project especially when the comparativc judgments are made bascd on

qualitative factors.

On the other hand, AI-IP has some weaknesses also. The method includes rather
complex mathematical calculations, using eigenvalue~ and eigenvectors. However,
these calculations can be performed easily when using one of the available Al-IP
programs. The number of pair-wise comparisons a proj'~ct manager has to make, may
increase quickly when a large number of (sub) criteria and alternatives are considered.

Finally, the assumption of independcnce of criteria might cause problems in practice.

In this presented paper. a casc study about sub contractor prequalification evaluation

is performed comparing thc traditional approach (kind of Weighted Sum Model) with
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the Analytical Hierarchy Process (ABP). Though for this particular case study the two
methods dcpict thc samc result, but the main distinguishing feature is the strength of
AHP dealing with qualitative factors (subjective judgments). Only AHP can deal with
such an exception not the traditional approach. Moreover consistency checking of the
matrices formed for performing the calculation of AHP validates the decision maker's

judgments.

Reviewing all of these aspects | would like to conclude that AHP may be a promising
method in project management decision making. The appropriateness of AHP is not
limited to the selection of possible best contractor ouly. If Project managers feel a
need to improve the effectiveness and efficiency of their decision making process,
Al-IP should bc considered in case the decision problem includes multiple objectives,
conflicting criteria, incommensurable units, and aims at selecting the best alternative
from a set of alternatives. AIl-IP can accommodate uncertain and subjective
information and allows the application of experience, insight, intuitive in a logical
manner. Perhaps another most important advantage, however, is in developing
hierarchy itself. As long the scale is applied consistently by each individual, the AHP

can correctly process their judgment.

7.2 Reeolllmendations

This study analyses the sensitivity of the process considering only the certain
conditions in the decision environment. For further development, to handle
uncertainty level of the decision environment, algoritiml can be developed. Another
possible development may be, making this decision support system (DSS) more
intelligent by developing suitable algorithm to identifY the sensitive alternative

automatically after getting initial information about tilt; alternatives.
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Tabk A I. Invitation lor Pre-qualification
(I'or usc when there is a single lot package)

2

3

4

5

6

7
'<use MOf,'code >'
<use MOFname >

14

15

18  Prc-qualification Closing Datc and Timc

19  Namc & Addrcss ofthc office(s)
_Sclling Prcqual. Documcnt (Principal)
_Selling Prequal. Document (Others)
_Rccciving Prequal. Documcnt

20 Placc / Date / Timc of
Pre-Qualification Meceting (Optional)

21 Eligibility of Applicant

22 I3rief Dcscription of Goods or Works
23 I3rief Dcscription of Relatcd Services
24 Price of Prc ual Documcnt (TKk)

e . Completion
Lot Identification of Lot Time in
No Woceks /
months
i <type in namc > <typc in>
25 < typc in name>

'< ge-mail >



12
13

14
15

18
19

20

Table A2. Invitation for Pre qualification
(for use when there is a multiple lot package)

Pre-qualification Closing Date and Time
Name & Addrcss of the office(s)
_Sclling Prcqual. Documcnt (Principal)
_Selling Prequal. Document (Others)
_Receiving Prequal. Document

Place | Date | Time of

Pre-Qualification Mecting (Optional)

< type in name>
< type in name>
< type in name>
<t )ein name>

51

Completion
Time in
Weeks |
Months

<type in>

<type in>
<type in>
<t ein>
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Table A3. Evaluation Criteria for Prequalification of Sub-Contractors

in Navana
Constructions Ltd. (Financial Condition)
Marking Criteria Capability (BOT) Marks

(Average annual turn over in last 5 years) Less that 20 million 8
Between 20-25 million 12
Between 25-30 million 16
More than 30 million 20

2. Availability of Liquid Asset (10):
Less than 10 million 4
Between 10-15 million 6
Between 15-20 million 8

More than 20 million 20



Tablc A4. Evaluation Critcria for Prcqualification of Sub-Contractors

Constructions Ltd. (Tcchnical Qualification)

I. Civil Enginccr (Education=3,
Exp=4)= 7 points.
Il. Elcctrical/Mcchanical Engincer

(Education=2, Exp.=3)=5 Points.

Staff Inadcquatc

Staff Adcquatc/Poor Compctency.
Staff Adcquatc/Avcragc Compctency.
Staff Adcquatc/High Compctency.

2. Plant & Equipments (05):

I. Trucks and Othcr Vchiclc -- 2

Points
Il. Roof Cranc 5-10 ton --2 points
I1l.  Mobile Cranc 15-20 ton - 2 points
IV. Mixturc Machine, 3 cft. -- | point
V. Vibrator, 2 nos -- | point
VI. Shuttcring (1000 sft.) - - | point

Inadequate availability
Majority Leased for work
Owned for Long Term leased

Sufficient for contract

| for | ycar Exp.

| for I ycar Exp.

Bctween 3-7 points

.Bctween 7-9 points

Betwcen 9-11 points

12 points

Between 0 to 2 points
Between 2 to 4 points
Between 4 to 8 points

9 points

in Navana

o1 W N O

93
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Table A5. Evaluation Criteria for Prequalification of Sub-Contractors in Navana
Constructions Ltd. (Experience)

(Total Work executed on the last 5 years) Between 35-45 million 10
Between 45-55 million 15
Between 55-65 million 20
Between 65-75 million 25
More than 75 million 30

2. With other Work (18):

(Total Work executed on the last 5 years) ~Less than 10 million 0
Between 10-15 million 10
Between 15-20 million 15
Between 20-25 million 16
Between 25-30 million 17
More than 30 million 18

3. Contract Execution Capacity (10):

One satisfactory similar work above 40 10

million for a single contract

(70+above) to be qualified for prequalification
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