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ABSTRACT

Over the past few decades, the complex global business environment and
increasing business competitiveness have highlighted the importance of performance
evaluation in the construction industry which has long been criticized for its
underperformance. Performance evaluation is the process of quantifying the
efficiency and effectiveness of past actions, and a performance measure is a parameter
used to quantify the efficiency and/or effectiveness of past actions. With the
development of performance measurement in the construction industry over the past
decades, the performance evaluation has extended to the organizational level and the
project stakeholder level from just being concentrated on the project budget and

schedule alone.

Engineering, Procurement and Construction (EPC) projects are one such kind of
construction projects that require careful evaluation of its performance throughout and
hence this research was carried out to identify the performance indicators of EPC
projects in Kerala, which were then prioritized using Analytical Hierarchy Process
(AHP) for important stakeholder categories of EPC project. Out of all indicators
client’s satisfaction, contractor’s and supplier’s overall performance, experience of
the client and contractor, user’s satisfaction, performance of the infrastructure, value
for money, project profitability and appropriateness of the project size and location

were the most important ones.

An EPC project in Kerala was selected to conduct its performance evaluation.
The indicators in the project were ranked using RII and compared with the AHP
results for different stakeholder categories. Performance Prism framework, which is a
holistic framework that evaluates different stakeholder perceptions of the project was
then used to determine the performance efficiency of the EPC project in Kerala. This
study can act as a base for the use of the Performance Prism framework in EPC

project performance evaluation.

Keywords: Performance evaluation, Engineering, Procurement and Construction
(EPC), Performance Prism, Analytical Hierarchy Process (AHP), Relative Importance
Index (RII)
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CHAPTER 1

INTRODUCTION

1.1 GENERAL INTRODUCTION

The construction industry plays an important role in the economic and
infrastructural development of a country. In India, the construction industry is
considered one of the most important industries as it contributes to 8% of the
country’s Gross Domestic Product (GDP), making this industry the second largest
employer in the country (Prasad et al., 2018). Every construction project is unique and
complex and hence requires careful supervision. The most frequent problem that
usually arises within the construction projects is budget or schedule overruns. Budget
and schedule overruns in large construction projects can bring out huge crisis in the
economic sector of the country. Construction projects largely need new techniques
through which these projects can be continuously monitored and delivered on time

and within the budget.

Project performance evaluation mainly deals with measuring the efficiency and
effectiveness of activities in a project and monitoring its progress over time. It helps
to identify whether the prior assumptions and constraints regarding the project are still
reliable or not. If they are found not reliable, then remedial measures can be taken
appropriately thereby making a chance for the project to become a success. It can be
used to study the transparency and accountability of the project and also allows
sharing the knowledge and expertise gained through the process within the team
(Haass and Guzman, 2019). The basic procedure for project performance evaluation

involves finding answers to the following questions:

=  What all measures are to be evaluated?
= How to plan the evaluation process?
=  Which tools and methods are to be used in the process?

= How to interpret the results?

Traditional projects were evaluated based on the budget and schedule
constraints alone. Those evaluation frameworks were designed to check whether there

occurred any budget or cost overruns in the project. Even with the presence of these



performance evaluation methods, the construction projects are susceptible to failures
occurring due to these constraints. It shows that there lacks a properly framed
performance evaluation technique that can bring change to the whole working
mechanism of the project instead of concentrating only on the budget and schedule
constraints and also allows to correct the defects occurring during construction at that
right time. Newly emerging performance evaluation models use various other
parameters as the basis for evaluation like stakeholder satisfaction, business growth
and health and safety considerations. By taking such parameters as the basis for
evaluation, the projects can be monitored even during construction and some

problems can be eliminated even before they occur (Wadugodapitiya et al., 2010).

1.2 ENGINEERING, PROCUREMENT AND CONSTRUCTION (EPC)
PROJECTS

EPC is a type of construction contract that emerged in the United States in the
1970s in which an EPC contractor arranged by the client holds the responsibility for
the design, procurement, construction as per the client’s required specifications and
handing over of the project for a pre - fixed budget and schedule. Failing to deliver
the project on the fixed date of completion or for a fixed budget makes the EPC
contractor to bear the liability. As explained by Solabannavar and Jamadar (2017),
some of the key features of the EPC model are:

= The client has to engage only with the EPC contractor

= The EPC contractor must deal with the rest of the personnel like sub —
contractors, labourers and so on and must take most of the final decisions
related to project execution

= All the risks related to the project execution can be transferred to the EPC
contractor from the client

= The client has to put minimum effort and less strain in the project but on the

other side, they have only limited participation and control over the project

Despite the application of EPC model over the other project delivery models
like BOT, the construction industry is still suffering from inefficiency in terms of time
and cost overruns and poor quality, which can threaten the entire life of the projects
and lead to delays, disputes, and losses to all the stakeholders involved. In general, the

average magnitude of cost and time overrun in the construction industry depends on
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various project characteristics that comprise project location, project type, industry,
and time of construction. Since the contractors work under limited time and budget
and also solely bear the risks related to the project, it may lead to cost overrun or
schedule overrun at times (Habibi et al., 2019). Appropriate and timely evaluation of
the progress of the construction projects carried out by the contractor can bring out a
huge change in the end results of that project and also to the upcoming projects as
well. Continuous monitoring of project results is possible by properly evaluating
project performance at regular intervals and its deviations from pre-defined objectives

can be rectified through proper remedial measures.

This thesis aims to identify the performance indicators of EPC projects in Kerala
and to evaluate the performance of EPC projects using the Performance Prism method
which is a multi-dimensional approach that helps in monitoring not only the project
cost but also analyses the project from an overall point of view. Analytical Hierarchy

Process (AHP) is also used in the study to prioritize the performance indicators.
1.3 OBJECTIVES OF THE STUDY
The objectives of this study are mentioned below:

1) To identify the project performance indicators for the performance evaluation
of EPC projects in Kerala

2) To prioritize the performance indicators using Analytical Hierarchy Process
(AHP) for various stakeholders

3) To rank the performance indicators in an EPC project in Kerala and compare it
with AHP results

4) To evaluate the performance of the EPC project in Kerala using the
Performance Prism framework

1.4 SCOPE OF THE STUDY

* The study is limited to the performance evaluation of construction projects
delivered through EPC mode

= Analytical Hierarchy Process (AHP) is used for the prioritization of
performance indicators

= Performance evaluation of a single highway project in Kerala is conducted in

this study using the Performance Prism framework



1.5 ORGANIZATION OF THE THESIS
The study is described in seven chapters as given below:

The general introduction to the study including performance evaluation and EPC

projects are explained in Chapter 1 along with the objectives and scope of the study.

Chapter 2 provides a brief review of the literature that was referred for the preparation

of this work.

Chapter 3 gives the detailed research methodology of this study along with a brief

introduction to the related analysis tools and techniques.

The idea behind the Performance Prism framework and the detailed classification of

the indicators for evaluation is explained in Chapter 4.

In chapter 5, a brief introduction about AHP analysis is given and the results of the

prioritization of performance indicators using AHP is also provided.

Chapter 6 deals with the implementation of performance evaluation of an EPC project
in Kerala using the Performance Prism framework. A comparison of the ranking of
indicators obtained using AHP analysis in chapter 5 with the ranking of indicators
determined using Relative Importance Index analysis for the EPC project is also

explained in this chapter.

Chapter 7 is the final chapter in the study which summarizes the work done and draws

conclusions from the results.



CHAPTER 2

LITERATURE REVIEW

2.1 PROJECT PERFORMANCE EVALUATION

Bassioni et al. (2004) discuss about the features and implementation of
performance measurement frameworks used in UK construction firms. The
dissatisfaction with the traditional financial-based performance measurement systems
lead to the origin of other methods such as Balanced Scorecard (BSC), quality-based
excellence model like the European Foundation for Quality Management (EFQM).
These methods can not only be used for a project-level evaluation but also for an
organizational-level performance evaluation. In a similar manner, Lop et al. (2018)
conducted a study to find out the strengths and weaknesses of existing performance
evaluation techniques in the Malaysian construction industry like BSC, EFQM,
Malcolm Baldrige for performance excellence, Performance Prism and Key
Performance Indicator (KPI) systems. The authors classified each project evaluation
model according to the type of construction projects for which it can be used. Deli et
al. (2012) and Liu & Jiang (2019) have also carried out studies related to existing
project evaluation models. The former study was based on EFQM model for PPP
projects whereas the latter was about the effect of changes in scope and quality on the
cost and schedule of the project using Earned Value Method (EVM). Wadugodapitiya
et al. (2010) combined AHP analysis with BSC model to formulate a building
performance evaluation model. AHP was used to prioritize the indicators which were

evaluated using the BSC model.

In developing countries, construction contracts are mostly awarded to the lowest
bidder and studies show that this technique will not always guarantee success for the
project. Deep et al. (2018) conducted a study to find out the critical factors that
affected the performance efficiency of contractors selected through such modes for
state funded projects. The consultant’s influence was mainly found to be impacting
the contractor performance. Critical success factors (CSFs) were also found by El —
Abidi et al. (2019) for the smooth implementation of the Industrialized Building
System (IBS) in the Malaysian construction industry. 15 CSFs were identified and

classified into five categories which were finally prioritized using AHP tool. Thomas



and Thomas (2019) conducted a study to find out the important factors affecting the
performance of PPP projects in Kerala. 60 performance indicators were identified and
ranked using the Relative Importance Index (RII) method. Selection of right project,
users’ satisfaction, capability of project team, the necessity for the project and value
for money were the most significant critical success factors. Abbasi et al. (2020)
determined the root causes of delay in construction projects in the Iran construction
sector by representing them in the form of the Ishikawa diagram (fish bone diagram)
by dividing them into eight categories. Contractor’s financial problem was found as
the leading cause of delay and the authors also proposed some solutions for these

delays in the paper.
2.2 EPC AND PPP PROJECTS

Solabannavar & Jamadar (2017) explained EPC as a common type of contract
suitable for large infrastructure projects in which EPC contractor will design the
facility, procure materials and equipment and constructs the facility which will then
be returned to the owner. The authors compared PPP and EPC projects by stating their
advantages and disadvantages. Leading EPC contractors in India were also mentioned
in the paper. The factors that affect the success of EPC projects were also studied by
different researchers. Habibi et al. (2018) studied different cost and schedule related
performance indicators for EPC projects in a stage-wise manner (engineering stage,
procurement stage and construction stage). They found that design changes were the
main factor that caused delay and cost overrun in the engineering and construction
phase whereas resource shortages delayed the project and price fluctuations increased
the project cost in the procurement phase. Change order driven by owner in the
engineering stage was proven to be the most important factor in causing schedule and
cost overrun in EPC projects by Habibi et al. (2019). The authors studies the impact
of each performance indicator in EPC projects by classifying them into the three EPC
phases and then prioritizing them using Epsilon-squared effect size technique to find
their weight impacts. Some best practices for the construction industry to reduce cost
and schedule overrun were also proposed by the authors. Similarly the stage-wise
performance indicator classification was also conducted by Kabirifar & Mojtahedi
(2019). The indicators were the ranked using TOPSIS method which is a multi-

attribute group decision making tool. From the study, engineering design, project



planning and controls are the most significant indicators followed by construction and

procurement stage respectively.

Implementation of affordable housing scheme in developing countries through
PPP mode and their CSFs were studied by Alteneiji et al. (2020). This study was
conducted with an aim to find out the factors that can increase private sector
participation in providing housing. 30 CSFs for PPP projects were ranked according
to their frequency of occurrence in the past literature in which political support and
stability stood first followed by trust and openness among the different stakeholders.
Choi et al. (2020) examined and compared the effect of timing of change orders in the
cost and schedule performance of Design — Build (DB) and Design — Bid — Build
(DBB) projects. As a result, DB projects found to be outperforming DBB projects in

terms of schedule but cost performance was almost same for both.
2.3 PERFORMANCE PRISM FRAMEWORK

Neely et al. (2001) introduced Performance Prism framework for the purpose of
performance evaluation of projects. The authors elaborate the five facets of the
method and its usage in practical situations. The application of this method is not only
restricted to the construction industry and therefore case studies which uses
performance prism for performance evaluation have been explained in the paper.
Performance prism was introduced to replace the quality based excellence model and
BSC model as they are vague and does not take into account the important parameters
like a wide range of stakeholders and their partnership. Liu et al. (2014) and Liu et al.
(2017) examined the usage of Performance Prism method for the ex-ante evaluation
of PPP projects. The core performance indicators of PPP projects under each of the

five facets were also determined.
2.4 RANKING OF ATTRIBUTES

Saaty (1990) introduced a new technique for decision making using multi-criteria,
which is known as the Analytical Hierarchy Process (AHP). This method gives
relative priority weights for the analyzing factors and therefore can be used for
ranking the indicators for performance measurement. Balubaid & Alamoudi (2015)
explained the procedure for AHP analysis through an example in which AHP was

used for decision making in contractor selection for a construction project. Relative



Importance Index (RII) method was also one such method used to find out the relative
importance of attributes with respect to one another and thereby rank them. Kassem
(2020) used RII method in the oil and gas industry of Yemen to rank the risk factors
involved in it. The RII under probability and impact of the factors were determined to
obtain a balanced result and thereby finding the overall RII of the factors. RII analysis
was also explained in detail by Gunduz et al. (2013) as he used this method to rank
the delay factors in construction industry in Turkey. A total of nine broad categories
of delay factors were subdivided into numerous factors which were ranked using RII.
The average of RII values of the delay factors in a category was taken to determine to

RII value of that particular broad category.
2.5 SUMMARY OF THE LITERATURES

Performance monitoring or evaluation of large infrastructure projects through
PPP and EPC mode has been reviewed. Different evaluation models like BSC,
EFQM, Malcolm Baldrige for performance excellence, EVM and Performance Prism
were studied in detail. Out of the various frameworks available for performance
evaluation of projects, Performance Prism framework was found to be suitable for this
study because for projects in which various stakeholders are involved, like EPC
projects, this framework can be used to get performance results based on the
perception of different stakeholders involved. The techniques that can be used for
ranking of the performance indicators were also reviewed. It was seen that AHP and

RII analyses would serve the purpose.



CHAPTER 3

RESEARCH METHODOLOGY
3.1 GENERAL

This chapter describes the methodology adopted in this study. The flow diagram of
the methodology is given in figure 3.1.

[ Identification of project performance indicators ]

“ ~ ‘ . I 1 r
+  Literature Survey  (—>  Informal discussions i~ Pilot Survey

________ o s, [ LBl

[ Classification of indicators into five facets of ]

l performance prism for each stakeholder
[ Stketolders —f Client |} Contactor _ { mployes _ { Suppler " { User
St S s (i [ i
I Priontization of each -:aj[egﬂr_\' of indicators using AHP tool ]

- —

Ranking of performance indicators for an EPC project in Kerala and P Re]ati\'.e ]mpmtance |
comparison with AHP results i _ndees

li

N . . | ] i Mathematical
[ Determination of performance efficiency of the stakeholders and the project J“:

caleulations

Figure 3.1: Flow diagram of methodology of work

The first step in the research study was to identify the parameters that can act as
performance indicators of an EPC project. This was accomplished through an
extensive literature review. With the performance indicators obtained from the past
literatures, a pilot survey was conducted and only those indicators which were highly
significant for EPC projects were selected. The next step was to classify the indicators
according to the Performance Prism framework and also to choose the stakeholder
categories for evaluation. In this study, five stakeholder categories were chosen for
evaluation which include Client (public party), EPC contractor (private party),
Employees of the contractor, Material and Equipment Suppliers and the End-users of

the constructed facility. The priority weights of the indicators were then found out



using Analytical Hierarchy Process (AHP). For this purpose, five different AHP
questionnaires were distributed to each of the chosen stakeholder categories with the
indicators classified under that stakeholder category. After AHP analysis, a highway
project in Kerala which was constructed through EPC mode was selected and the
performance indicators were ranked for the project using Relative Importance Index
(RII) method, which were compared with the AHP rankings. Then the performance

evaluation of the project was conducted through the Performance Prism framework.
3.2 PROJECT PERFORMANCE INDICATORS

From reviewing the literature on about EPC projects, 58 parameters were
identified as influencing the performance of EPC projects. Since performance
evaluation with all these 58 indicators was found difficult, a pilot survey was
conducted among construction officials with vast experience in working in EPC

highway projects. The questionnaire for the pilot survey is attached in Appendix A.
The questionnaire for the pilot survey consisted of three parts:

a) Introduction — In this section, an introduction about the project work and the
purpose of the survey was explained.

b) General Information — The information about the respondent was collected
in this section which included the name of the organization of the
respondent, designation and working experience of the respondent.

c) Performance Indicators of EPC projects — This section included all the 58
performance indicators. The respondents were asked to mark the
significance of these indicators on the performance of EPC projects on a 5
point Likert scale in which, 1 represented no significance and 5 represented

extremely significant.

From this section, 45 performance indicators with a significant scale rating
equal to and more than 3 were selected for the project performance evaluation. The
shortlisted performance indicators are shown in Table 3.1. F; — Fs in the serial number
column represents the five facets of the Performance prism framework into which the
indicators are classified. The classification of indicators will be explained in detail in

the coming sections.

10



Table 3.1: 45 EPC project performance indicators

SI. No. Performance Indicators
Fi1 Client's satisfaction for time, cost & quality
F,2 Contractor's satisfaction for time, cost & quality
F3 Employee's satisfaction for time, cost & quality
F.4 Supplier's satisfaction for time, cost & quality
Fi5 User's satisfaction for time, cost & quality
F,6 Profitability of the project
F,7 Appropriateness of the project size & location
F»8 Performance level of the service provided
F,9 Value for money of the project
F,10 Health, safety & environmental impact of the project
F,11 Technology diffusion in engineering, procurement & construction stages
F,12 Technology diffusion in material supply & management
F513 Competitiveness & transparency in the procurement process
Effectiveness in communication and coordination between the
F;14
stakeholders
F515 Appropriateness of the contract criteria for the project
Fs16 Provision of payments on time for completed work by the client
F517 Effectiveness of facility maintenance and management
F318 Efficiency of risk management (identification, analysis & allocation)
F;19 Appropriateness in the budget and schedule estimates
F520 Extent of site management and supervision
Fs21 Claim and dispute management
F522 Degree of project team work and partnerships
F323 Transportation of materials and equipments on time
F324 Appropriateness of supply contract criteria
F425 Efficient TCQ & material management system
F426 Favourability and efficiency of the legal framework
F427 Financial stability of the client
F428 Prior experience of client & EPC contractor
F429 Reputable developer / strong and good private consortium
F430 Presence of skilled working personnel
F431 Use of advanced planning and scheduling techniques
F432 Financial stability of the EPC contractor
F433 Capability for right selection of project teams
F.34 Sufficient availability of good quality construction materials,
equipments and skilled labour for the project
F435 Knowledge about the project for the users
F536 Client's willingness to active participation
Fs37 Client's contribution to contractor selection

11




SI. No. Performance Indicators
Fs38 Contractor's willingness to active participation
Fs39 Contractor's overall performance
Fs40 Employee's willingness to active participation
Fs41 Employee's overall performance
Fs42 Supplier's willingness to active participation
Fs43 Supplier's overall performance
Fs44 User's willingness to the infrastructure use
Fs45 Presence of supporting & understanding community

3.3 PERFORMANCE PRISM FRAMEWORK

Performance prism was the framework chosen for project performance

evaluation in this study. This method was chosen because it evaluates a project from

the perspectives of different stakeholders involved in it. As per this framework, the

performance indicators of a project can be classified into five inter-related facets of

measurement which can be explained as (Liu et al., 2017):

Stakeholder satisfaction — it identifies the key stakeholders of the project and
their wants and needs

Strategies — it decides the strategies that the organization must put in place to
satisfy the stakeholder’s wants and needs while satisfying its own
requirements

Processes — it identifies the processes that need to be operated in the
organizational level to execute the strategies decided

Capabilities — it evaluates the capabilities needed for the organization for
operating the processes

Stakeholder contribution — it demands the needs and wants of the organization
from the stakeholders in return for the successful implementation of the

project

In order to evaluate a project using Performance Prism, the indicators must be

classified into this framework. In this study, after finalizing the performance

indicators, five key stakeholders of EPC projects were chosen. They were clients,

EPC contractors, employees, material and equipment suppliers and the end-users. The
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indicators are first divided into the five facets of the evaluation framework followed

and followed by their division into the five stakeholder categories.
3.4 ANALYTICAL HIERARCHY PROCESS (AHP)

The prioritization of the performance indicators gives their ranking and this can
be obtained by using Analytical Hierarchy Process (AHP). After the indicators were
classified into the Performance Prism framework, AHP was used to prioritize each
indicator and their priority weights with respect to each other were determined. For
this purpose, AHP survey was conducted by distributing five different questionnaires

to five chosen stakeholder categories.
3.5 PERFORMANCE EVALUATION OF EPC PROJECT

In order to find the actual performance of a construction project using the
Performance Prism framework, a highway project in Kerala constructed through EPC
mode was selected. The selected project was the Kollam Bypass project. For the
evaluation of the project performance, the formulated Performance Prism framework
was used which included five stakeholder categories with 45 different performance
indicators. Five different questionnaires were distributed to the five stakeholder
categories of the project to mark the importance and prevalence of the indicators in
that project. Using this, the performance indicators for the project were ranked using
their RII values and then the performance of each of the stakeholders and the overall

performance of the Kollam Bypass project was obtained.
3.6 SUMMARY

This section explained the detailed methodology for this study which was started
with the identification of 45 performance indicators for EPC projects, followed by its
classification into the five facets of the Performance Prism framework. The 45
indicators along with its classification into the five facets of the framework are shown
in this section. AHP analysis was also included in this study to prioritize the
indicators. The implementation of the Performance Prism framework on an EPC
project in Kerala was decided to be conducted on Kollam Bypass project. The
rankings of the indicators in the project were obtained using RII analysis followed by

the performance evaluation of the project.

13



CHAPTER 4

FORMULATION OF PERFORMANCE EVALUATION MODEL
FOR THE PROJECT

4.1 GENERAL

After the project performance indicators were finalized, the next step was to
establish an evaluation model using those indicators. Performance Prism framework
was chosen for the implementation of performance evaluation in this study. As per
this framework, there are five facets for performance evaluation and these indicators
were then divided into these five facets for each of the stakeholder categories selected

in this study.
4.2 PERFORMANCE PRISM FRAMEWORK

Over the years, the construction industry has been looking for an integrated
performance measurement system that incorporates and analyses all the important
aspects of a construction project for evaluation. Designing a performance
measurement framework to measure business as well as project-related aspects is a
complex and challenging task. The industry has seen many evaluation frameworks
like Balanced Scorecard model, Quality Based Performance Excellence models, Key
Performance indicator model and so on. All these models have advantages of its own

but none were evaluates the project in a multiple stakeholder environment.

Performance Prism proposed by Neely et al. (2001) is a holistic framework
designed to tackle the complexity of multiple stakeholders in a construction project by
considering the stakeholder perception of the project for performance evaluation. This

framework consists of five interrelated facets designed for measurement (Neely et al.,

2001).

1. Stakeholder satisfaction: who are our stakeholders and what do they want and

need?

2. Strategies: what strategies do we need to satisfy these sets of wants and needs while

satisfying our own requirements as well?

3. Processes: what processes do we need to allow our strategies to be delivered?
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4. Capabilities: what capabilities do we need to put in place to allow us to operate our

processes?

5. Stakeholder contribution: what do we want and need from our stakeholders on a

reciprocal basis?

The Five Facets of the Performance Prism

+ Stakeholder Satisfaction
+ Strategies

+ Processes

+ Capabilities

+ Stakeholder Contribution

Investors

Customers &
Intermediaries

Employees

Regulators &
Communities

Suppliers

Figure 4.1: Performance Prism model (Neely et al., 2001)

4.2.1 Stakeholder Satisfaction (F)
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The performance prism commences with the facet of stakeholder satisfaction
which introduces the important stakeholders involved in a construction project like
contractors, suppliers, employees, customers, investors and so on and explains their
needs and wants from it. All other existing performance evaluation frameworks do not
mention anything about the stakeholders and their needs and satisfaction, yet they
play an important role in the performance of a project. It is designed on the belief that
satisfying stakeholders’ wants and needs are the most important task for the existence

of any organization (Liu et al., 2014; Neely et al., 2001; Neely et al., 2005).
4.2.2 Strategies (F>)

Strategies play a very crucial role as the foundation for organizational activities
as well as the project goals. Without properly planned strategies, it is impossible to
deliver satisfactory project results to the stakeholders. Once the important
stakeholders and their needs are fixed, then the next step is to start exploring what
strategies are needed to ensure the stakeholder satisfaction. Many of the existing
measurement frameworks and methodologies appear to stop at a certain point. Once
the strategies have been identified and the right ‘‘leading and lagging’’ measures are
established, it is assumed that everything will be fine thereon. But studies have shown
that around 90% of managers fail to implement and deliver their organization’s
strategies. One of the main reasons for such strategic failure maybe the organization’s
processes are not aligned with its strategies. And even if its processes are aligned,
perhaps the capabilities required to operate these processes may not be. Thus, strategy
selection is an important step in the performance evaluation that needs to be carefully
addressed and can be used as a method to monitor to what extent organizational
objectives have been decided to improve organizational performance (Patria et al.,

2018; Neely et al., 2005).
4.2.3 Processes (F3)

This facet is all about deciding what processes should be adopted and improved
to increase the effectiveness of the whole workflow. According to Neely et al., 2005,
processes are the blueprints to know what works are done, where, when, and how it
will be executed. While deciding these processes, the following aspects are normally
considered: quality (consistency, reliability, conformance, durability, accuracy, and

dependability), quantity (volume, throughput, and completeness), time (speed,
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delivery, availability, promptness, timeliness, and schedule), ease of use (flexibility,

convenience, accessibility, clarity, support) and money (cost, price, value).

In the sense of the common business processes, these include: developing new
products and services, generating demand, fulfilling demand, planning and managing
the enterprise and so on. Liu et al., 2014 explained the process facet in the
construction industry with an instance; bidding is an important function of the
procurement of any public construction project which includes activities such as pre-
qualification, shortlisting, invitation of tenders and interaction with bidders, tender
evaluation, and bidder selection. Thus, a transparent and competitive bidding process
is critical to the successful delivery of these projects and therefore the transparency
and competitiveness of the bidding procedure must be considered to be a process
performance indicator for these construction projects. Like this, all the major
processes in a project that helps to achieve the previously set strategies can be

evaluated by considering them under the process facet.
4.2.4 Capabilities (Fy)

In order to successfully implement the business processes in organizations, they
must be supported by certain skills, physical infrastructures, technologies and human
resources which are normally referred to as organizational capabilities (Neely et al.,
2002). These capabilities determine the fundamental ability of an organization to
compete with its competitors. As soon as the capabilities needed for the project are
identified, it would be possible to assess whether the organization has these required
capabilities or is there a need to implement them. In order to make the capability facet
clearer, Neely et al. (2001) explained it with a process starting from ordering a
product to its cash fulfilment. This process requires at least six different capabilities to
successfully complete it, which are: Customer order handling capability, planning and
scheduling capability, procurement capability, manufacturing capability, distribution
capability and credit management capability. For EPC projects, these capabilities vary
from one project to another depending upon the changing complexity of the project

and the phase based nature of these projects.

4.2.5 Stakeholder Contribution (Fs)
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This facet addresses the question of what all contributions does the company
need and want from its stakeholders to develop their identified capabilities. For every
stakeholder there is a question: what the organization wants and needs from them as
well as what the stakeholder wants and needs from the organization in return.
Customers want great products and services at a reasonable cost which brings them
greater satisfaction. The organizations in return want their customers to be loyal
towards their organization and profitable. Similarly, in the case of employees,
organizations want loyal employees and they want their workforce to do their jobs
with high productivity levels. In return, they grade or reward their employees based
on their contribution. This symbiotic relationship between the organization and the
stakeholder exists for all types of stakeholders whether we are talking about suppliers,
customers, employees, investors, or the local community (Neely et al., 2001; Neely et

al., 2005).
4.3 CLASSIFICATION OF PERFORMANCE INDICATORS

Performance Prism framework is all about the evaluation of a project from its
stakeholders’ perception. Therefore, in this study, five important stakeholder
categories involved in EPC projects were chosen who were clients (public party),
EPC contractors (private party), employees of the organization, material and
equipment suppliers and the end-users of the projects. All the 45 project performance
indicators were classified into five different facets (F; — Fs) of the Performance Prism
framework as seen in Table 3.1. After that, the performance indicators are distributed

into the five chosen stakeholder categories and are shown in Table 4.1.

Table 4.1: Classification of 45 indicators into various stakeholder categories

S1. No. Performance Indicators Stakeholder

F;1 | Client's satisfaction for time, cost & quality Client

F;2 | Contractor's satisfaction for time, cost & quality Contractor

F13 | Employee's satisfaction for time, cost & quality Employee

F14 | Supplier's satisfaction for time, cost & quality Supplier

F;5 | User's satisfaction for time, cost & quality End-user

F, 6 | Profitability of the project Client, Contractor,
Employee
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SI. No. Performance Indicators Stakeholder
Client, Contractor,
F,7 | Appropriateness of the project size & location Employee,
Supplier

Client, Contractor,

F,8 | Performance level of the service provided
End-user
Client, Contractor,
F,9 | Value for money for the project Employee,
Supplier, End-user
F, 10 | Health, safety & environmental impact of the project Client, Contractor
_ Technology diffusion in engineering, procurement & | Employee, End-
2
construction stages user
F, 12 | Technology diffusion in material supply & management | Supplier
Competitiveness & transparency in the procurement
F;13 Client
process
Client, Contractor,
Effectiveness in communication and coordination
F; 14 Employee,
between the stakeholders ‘
Supplier, End-user
F315 | Appropriateness of the contract criteria for the project Client, Contractor
Provision of payments on time for completed work by
F; 16 ‘ Client
the client
F317 | Effectiveness of facility maintenance and management | End-user
Efficiency of risk management (identification, analysis
F5; 18 ] Contractor
& allocation)
F;5 19 | Appropriateness in the budget and schedule estimates Contractor,
Employee
F320 | Degree of site management and supervision Employee
F521 | Claim and dispute management Employee
F322 | Degree of project team work and partnerships Employee
F323 | Transportation of materials and equipments on time Supplier
F324 | Appropriateness of supply contract criteria Supplier
. . Employee,
F425 | Efficient TCQ & material management system )
Supplier
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SI. No. Performance Indicators Stakeholder
F426 | Favourability and efficiency of the legal framework Client, Contractor,
Supplier, End-user

F427 | Financial stability of the client Client

F428 | Prior experience of client & EPC contractor Client, Contractor

Fy20 Reputa‘t'ﬂe developer / strong and good private Contractor
consortium

F430 | Presence of skilled working personnel (employees) Employee

F431 | Use of advanced planning and scheduling techniques Employee

F432 | Financial stability of the EPC contractor Contractor

F433 | Capability for right selection of project teams Employee
Sufficient availability of good quality construction | Employee,

Fads materials, equipments and skilled labour for the project | Supplier

F435 | Knowledge about the project for the users End-user

Fs36 | Client's willingness to active participation Client

Fs37 | Client's contribution to contractor selection Client

Fs38 | Contractor's willingness to active participation Contractor

Fs39 | Contractor's overall performance Contractor

Fs40 | Employee's willingness to active participation Employee

Fs41 | Employee's overall performance Employee

Fs42 | Supplier's willingness to active participation Supplier

Fs43 | Supplier's overall performance Supplier

Fs44 | User's willingness to the infrastructure use End-user

Fs45 | Presence of supporting & understanding community End-user

Figure 4.2 shows the graphical representation of the developed performance

evaluation model using the Performance Prism framework. Each stakeholder has

various activities in a construction project and this classification is based on those

activities. The indicator of stakeholder’s satisfaction directly comes under the

satisfaction facet of all stakeholders. Higher chances of obtaining profit from the

project and the right degree of project complexity due to its size and location also

affect their satisfaction aspect.
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Good performance level of the constructed facility can act as a strategy to
provide, for the client and contractor whereas it becomes a satisfaction aspect for its
users. Similarly, obtaining the right value for money of the project, minimizing health,
safety and environmental impacts caused due to it and including technology in all
stages of the project are also some of the strategies of all stakeholders, since these are
expected from each construction project for the mutual benefit of the users and the

builders.
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Figure 4.2: Schematic diagram of the formulated Performance Prism Model

The process facet of the model includes most of the important processes that
have a chance for deviating from its pre-defined way thereby making an impact on the
project performance. Tendering and contract management, communication and
coordination between the stakeholders, payment mechanism, risk allocation, facility
maintenance, estimation of budget and schedule of the project and so on are divided

into different small processes for respective stakeholder categories under this facet.
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In a similar manner, various capabilities that the stakeholders should possess
like basic knowledge about the project for the users, financial stability of client and
contractor, prior experience, reputation, advanced technologies, sufficient materials
and its proper management are included in the capability facet. Presence or absence of

these capabilities can definitely affect the project performance directly or indirectly.

The willingness and interest of each stakeholder can reflect in the final result of a
project. Therefore, the fifth facet of the developed model (contribution facet) takes
into consideration the overall contributions made by the stakeholders and their
willingness to participate in the project. As the end-users are concerned, their
willingness to use the constructed facility and their supportive nature during

construction can act as their contribution.
4.4 SUMMARY

The whole idea behind the Performance Prism framework and each of its facets
were explained in this section. Using this framework, different aspects of the project
would be evaluated that corresponds to different stakeholders involved in the project,
thereby giving a chance to measure the performance and competency of each
stakeholder along with that of the project. In this study, five stakeholder categories of
EPC projects were selected who were: clients, EPC contractors, employees, suppliers
and end-users. An evaluation model has then been developed using the 45
performance indicators on the basis of the Performance Prism framework. The
detailed classification of the indicators into the five facets of the framework for each

of the stakeholder categories was also provided here.
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CHAPTER 5

PRIORITIZATION OF INDICATORS USING ANALYTICAL
HIERARCHY PROCESS (AHP)

5.1 GENERAL

After the classification of performance indicators in to different facets and
stakeholder categories, the next step was to find out the priority weights of the
indicators using Analytical Hierarchy Process (AHP). AHP was developed by Prof.
Thomas L. Saaty in 1971 as a multi criteria decision making mathematical tool which
is used to get priority weights for different factors. The priority weights are calculated
with some ratings obtained by conducting an AHP questionnaire survey. To make a
decision in an organised way and to generate priority weights, following steps must be

implemented (Saaty, 2008):

1) Define the problem for which decision is to be made.

2) Structure the decision hierarchy from the top to bottom as seen in figure 5.1, with
the goal or objective of the decision, followed by criteria on which subsequent
elements depend and finally to the lowest level which usually is a set of the

alternatives for the problem.

| Goal |
Criteria Criteria Criteria Criteria Criteria

Alternative Alternative Alternative Altemative Alternative Alternative
1 2 3 4 5 6

Figure 5.1: General structure of Analytical Hierarchy Process (Badri., 2001)

3) Construct a set of pair wise comparison matrices by comparing each element in

an upper level with the elements in the level immediately below with respect to it.
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4) Use the priorities obtained from the comparisons to weigh the priorities in the

level immediately below. Repeat this for every element.

To make these comparisons, a scale of numbers is needed, that indicates how
many times more important or dominant one element is over another element with
respect to the criterion with which they are compared. The scale developed by Saaty

1s shown in the below table 5.1.

Table 5.1: Saaty’s AHP scale (Saaty., 2008)

Degree of
Scale Definition
Importance
1 Equal importance Two activities contribute equally to the goal
' Experience and judgement slightly favour
3 Moderate importance o
one activity over the other
. Experience and judgement strongly favour
5 Strong importance o
one activity over the other
One activity is strongly favoured over the
Very strong ) ) )
7 _ other; element is very dominant as seen in
1mportance .
practice
' The evidence is favour of one activity over
9 Extreme importance )
the other to the greatest extent possible
Intermediate values
They are used to express preferences that are
2,4,6,8 between two
' between the values of above scale
judgements
Reciprocal If activity 1 has one of the above numbers, by comparing i to j, the
values inverse of 1 with respect to j is obtained

5.2 PRIORITIZATION OF PERFORMANCE INDICATORS

In this study, in order to conduct AHP analysis, different AHP questionnaires
(given in Appendix B) were prepared and distributed to construction professionals
from all the five stakeholder categories including clients, contractors, employees,

material and equipment suppliers who had experience in working in EPC projects in
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Kerala and finally the end-users, who are the users of these projects. The designations
of the respondents of AHP survey from client, contractor, employee and supplier
categories are shown in the figures 5.2 — 5.5. Similarly, the experience, in years, of
the respondents of AHP survey in working in EPC projects is shown in figures 5.6 —

5.9.

B Asst. H Senior
Engineer Procurement
Manager
B Asst. H Deputy
@l Executive General
Engineer Manager
u Executive ¥ Chief
Engineer Manager
H Deputy
Manager, NH - I?Ior;()iorate
Al ea
Figure 5.2: Designations of client Figure 5.3: Designations of EPC
respondents for AHP survey contractor respondents for AHP
B Quantity B Business
Surveyor Coordinator
¥ Planning H Service
Engineer Manager
 Principal .
Architect u Productlon
Engineer
B Manager
B Quality
Control
Specialist

Figure 5.4: Designations of employee Figure 5.5: Designations of supplier

respondents for AHP survey respondents for AHP survey
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H5-10
years

H11-15
years

k> 20 years

H15-20
years

| B> 20 years

Figure 5.6: Experience of client

respondents for AHP survey

Figure 5.7: Experience of EPC

contractor respondents for AHP survey

®5-10
years

M11-15
years

H5-10
years

H11-15
years

Figure 5.8: Experience of employee

respondents for AHP survey

Figure 5.9: Experience of supplier

respondents for AHP survey

The developed 3 level hierarchy model for AHP survey is shown in figure 5.10.

Performance evaluation of EPC projects using Performance Prism framework is the

ultimate goal of this study. For that, the selected five stakeholder categories (first

level) and five facets of the evaluation framework (second level) act as the criteria and

sub criteria. The 45 performance indicators classified under these criteria and sub -

criteria act as the alternatives (third level).
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Prioritization of performance indicators for EPC projects

Client Contractor Employee Supplier End - user
Satisfaction ‘ ‘ Strategies ‘ Processes Capabilities Contribution

‘ Performance indicators ‘

Figure 5.10: Structure of AHP hierarchy model

An important step in the AHP analysis is to check the consistency of the
judgements made. The consistency values for all the judgements in an AHP analysis
must be within the limit of 0.1 in order for the collected data to be consistent. If not,
the survey must be conducted again to get consistent results. Here, the consistency

values of all the samples were below 0.1 and hence were in the acceptable range.

|

| CLIENT(03552) \

o

communication and

> coordination with other
stakeholders (LW:
0.1297. GW: 0.0046)

27

Satistaction Strategies Processes Capabilities Contribution
(0.2573) (0.1589) (0.0967) (0.3053) (0.1816)
, .C\lle%lt's . Value for Client's delay in Experience of Client's
saf[lsfﬂctlgll for money (LW: payments for the client & willingness
| time. cost & 0.3292; GW: | [?| completed work | i contractor (LW: to active
q}lﬂll?_\' ) 0.0185) (LW: 0.1313: 0.5029. GW: N participation
(LW:0.6175; GW: 0.0045) 0.0546) (LW:0.3394.
GW: 0.0564) Performance IR
— of service Appropriateness Financial GW: 0.0219)
pfolj)cle)«l:toﬂgtf& prpvidec_l Qf cgntractr stqbilit}' ot Client's
> location (7L\\V‘-‘:O‘40>2; ™ Cl‘#t31‘1§l (]:“'Yi ™ Cllelﬁ (L“ - contribution
(LW: 0.2503: GW-0.0228) 0.4014; GW: 0.3494; GW: || to contractor
— ¢ e 0.0139) 0.0379) selection
GW- 0 0228) Health, safety .
e environmental transparent efficient lecal SAAe )
L,| profitability ipact of it X S
(LW:0.1320: lfL o 1}3 N procurement > framework
GW: 0.0120) project (T W process (LW (LW: 0.1476:
0.2653. GW: 0.3373; GW: GW: 0.0161)
0.0149) 0.0116)
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Figure 5.11: Structure of AHP hierarchy model for client along with AHP priority

weights

The results of AHP analysis for the five stakeholder categories are shown in

figures 5.11 — 5.15 which were obtained with the help of AHP (Analytic Hierarchy

Process) Calculation software by CGI. The priority weights for all the three levels are

shown in the figures. The local weights (LW) of the indicators represent their

individual AHP weights whereas their global weights (GW) represent their overall

priority weights which give the product of priority weights of all the three levels.

From figure 5.11, in the client category, ‘Client’s satisfaction for time, cost and

quality’ and ‘Experience of client and contractor’ were the indicators having highest

priority weights of 0.0564 and 0.0546 respectively.

—

| CONTRACTOR (0.2903) |

Satisfaction

(0.0895)

Strategies

(0.0884)

Processes

(0.2369)

Contractor's
satisfaction for
time, cost &
quality
(LW: 0.2779:
GW: 0.0072)

.

Appropriate
project size &
location
(LW: 0.3382:
GW: 0.0088)

Ly

Project
profitability
(LW: 0.3838:

GW: 0.0099)

>

Value for
money (LW:
0.6344. GW:

0.0163)

>

Performance of
service
provided (LW:
0.2895: GW:
0.0074)

Ly

Health, safety
&
environmental
impact ot the
project (LW:
0.0760; GW:
0.0019)

o

Capabilities

(0.3354)

Contribution

(0.2496)

Appropriateness
in budget and
schedule
estimates (LW:
0.3442: GW:
0.0237)

Appropriateness
of contract
criteria (LW:
0.4017. GW:
0.0276)

L]

Effective
communication
and coordination
with other

stakeholders (LW:

0.1578.: GW:
0.0108)

L

Efficiency of risk
management
(identification,
analysis &
allocation) (LW:
0.0962;: GW:
0.0066)

Experience of
contractor &

> client

(LW: 0.4060:
GW: 0.0395)

Financial
stability of

™ contractor

(LW: 0.0819:
GW: 0.0079)

Reputable
developer /
strong and

> good private

consortium
(LW: 0.2550;
GW: 0.0248)

Favorable legal
and regulatory

s framework

(LW: 0.2570:
GW: 0.0250)

Contractor's
willingness
to active
participation
(LW: 0.2406;
GW: 0.0174)

Contractor's
overall

Ls! performance
(LW: 0.7593:
GW: 0.0550)

Figure 5.12: Structure of AHP hierarchy model for EPC contractor along with AHP

priority weights
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As seen in figure 5.12, in the contractor category, ‘Contractor’s overall

performance’ and ‘Experience of contractor and client” were the indicators having

highest priority weights of 0.0550 and 0.0395 respectively. According to Nassar and

AbouRizk, 2014, a contracting company should always maintain good relationship

with its clients as it is the only way to ensure its continued business growth.

| EMPLOYEE (0.1643) |
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|

quality (LW
0.2137: GW:
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Appropriate
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GW: 0.0081)

Satistaction Strategies Processes
(0.4239) (0.1406) (0.1194)
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tme, cost & (LW: 0.6471: schedule
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(0.1603) (0.1556)
Skilled Employee's
working willingness
personnel (L'W: || to active
0.3979: GW: participation

(LW: 0.6081:
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and coordination
with other
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Figure 5.13: Structure of AHP hierarchy model for employees along with AHP

priority weights

Similarly from figure 5.13, in the employee category, ‘Project profitability’ and

‘Appropriateness of the project size and location” were seen having highest priority

weights of 0.0332 and 0.0216 respectively. Profitability of a project is the revenue

earned from the project and a higher profitability is always desired by all the parties

involved. The size and location of the project also affects the project performance

because, as the location becomes tough and size becomes large, it makes the project
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complexity higher and thus risks and procedures involved would be higher. In the
supplier category, from figure 5.14, it was seen that ‘Value for money’ and
‘Supplier’s overall performance’ were having highest priority weights of 0.0548 and
0.0238 respectively. Value for money can be defined as the optimum combination of
the life-cycle cost, service quality of the asset, and the end - user’s satisfaction. This is
one of the main strategies of all the stakeholders involved. According to Noorizadeh
et al., 2019, suppliers have a huge contribution in project cost, quality and time.
Involving high performance suppliers in the project can make the contractor move
towards high performance construction which makes a supplier’s overall performance

important for a project.

‘ SUPPLIERS (0.1126) ‘

L e
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satisfaction for | | ] money communication material willingness
| | time, cost & (LW: 0.7330; and coordimation | ,| management to active
quality GW: 0.0548) > with other system ] participation
(LW: 0.6859; stakeholders (L'W: (LW: 0.4923: (LW: 0.2355;
0009 Technology 32017 (YO SO ] AR T
GW:0.0211) A 0.2912: GW: GW: 0.0148) GW: 0.0073)
diffusion in 0.0038)
Appropriate material supply — Sufficient ; .
Prop! ) : - P Supplier's
project size & | | and Transportation of availability of
— | i . e overall
ocation management materials and good quality L, .
TS0 2141- A . s performance
(LW:0.3141; (LW: 0.2669; — equipments || construction LW: 0.7645:
GW: 0.0096) GW: 0.0019) (LW: 0.5298: materials & (,‘ v Y7050,
A . GW: 0.0238)
GW: 0.0069) equipiments
(LW: 0.3429:
Appropriateness GW: 0.0104)
of supply contract
g criteria Favorable legal
(LW: 0.1789: and regulatory
GW: 0.0023) 1 framework
(LW: 0.1647.
GW: 0.0049)

Figure 5.14: Structure of AHP hierarchy model for suppliers along with AHP priority

weights

Client sector constructs the infrastructural facilities ultimately for the end — users

to have better facilities and standard of living. Therefore, their satisfaction and the
performance of the infrastructure are very important. This is proven in figure 5.15

which showed that in the end-user category, ‘User’s satisfaction for time, cost and
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quality’ and ‘Performance of the service provided’ were the ones having highest

priority weights of 0.0218 and 0.0184 respectively.

|
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Figure 5.15: Structure of AHP hierarchy model for end-users along with AHP
priority weights

5.3 SUMMARY

This section deals with the analysis using AHP tool. The mathematical tool
developed by Prof. Thomas L. Saaty was used in this study for ranking of
performance indicators by determining their priority weights. AHP questionnaire
survey was conducted with five stakeholder categories of EPC project in Kerala and
the priority weights of the indicators for each of the stakeholder categories were
determined. Client’s satisfaction, contractor’s and supplier’s overall performance,
experience of the client and contractor, user’s satisfaction, performance of the
infrastructure, value for money, project profitability and appropriateness of the project

size and location were the top ranked performance indicators.
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CHAPTER 6

PERFORMANCE EVALUATION OF KOLLAM BYPASS
PROJECT

6.1 GENERAL

Kollam bypass project comes under the Cherthala-Thiruvananthapuram section
of NH 66 (NH 47) under National Highway Development Project (NHDP) phase III
in the State of Kerala. The project measures 13.141 km in length and starts from
Kavanad in the north to Mevaram in the south. This bypass touches three major
National Highways which: NH 66 (Panvel to Kanyakumari), NH 183 (Kollam to
Dindigul) and NH 744 (Kollam to Madurai). It was constructed as a joint venture
project between the central and state government through Engineering, Procurement
and Construction (EPC) mode. The stretch of 3km in length
from Mevaram to Ayathil was completed in the year 1993 and 1.5 km Ayathil-
Kallumthazham stretch was completed in 1999. The remaining Kallumthazham-
Kavanad stretch was then completed in 2019 and was inaugurated on 15" January in

the same year (Kurian and Surendran, 2017).
6.2 PROCEDURE FOR PERFORMANCE EVALUATION

The step by step procedure followed to implement the performance evaluation
of Kollam bypass project is given below. The performance evaluation model

formulated using the Performance Prism framework in section 4.3 is used for this

purpose.

= Initially five stakeholder categories were selected for developing performance
evaluation model using Performance prism framework (client, contractor,
employee, supplier and end-user). Experienced people from those five
stakeholder categories in the Kollam bypass project were identified.

= Different questionnaires were prepared and distributed to each of the
stakeholders to mark the prevalence rating and importance rating of the
project performance indicators on a scale of 1 to 5 in which 1 represented
lowest score and 5 represented highest score. The questionnaires are attached

as Appendix C.
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The collected ratings of the indicators were then used to find out its Relative
Importance Index (RII). It is one of the most widely used methods to find out
the relative importance of different factors. Here, RII under both ratings were

determined separately (Kassem, 2020).

Relative Importance Index, RII is given by Eq. 6.1:

YW
AxN

RII = (6.1)

Where, W — the rating given to each indicators by a respondent; A — highest rating in

the rating scale (here, A = 5) and N — total number of respondents

Performance index of each indicator is then determined by using Eq. 6.2:

Performance index (PI) of each indicator = RII under prevalence rating (PR) * RII

under importance rating (IR) (6.2)

The average of the PI values of the indicators under each facet for each
stakeholder was then calculated to obtain the PI of that facet (Gunduz et al.,
2013). Performance of each facet in percentage was then obtained by
normalizing the PI values. To get the normalized percentage values, the PI of
each facet was divided by the total PI of that stakeholder category and
multiplied it by 100.

The PI value of each stakeholder was then obtained by taking the sum of PI
values of all the five facets under that category. By normalizing these values,
percentage of performance of each stakeholder was also determined. To get
the normalized percentage values, the total PI of each stakeholder was divided
by the total PI of the project and multiplied it by 100.

The sum of the PI values of all the five stakeholders was taken to get the
overall PI of the Kollam bypass project. By normalizing this value,
percentage of performance of the project was determined. To get the
normalized percentage value, the total PI of the project was divided by the
total maximum possible PI of the project, which is 25 in this study and
multiplied it by 100. (The maximum possible PI value for each stakeholder is

5 since the maximum value of RII is 1 and there are only five facets in each
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category. Hence, for five stakeholder categories, the total maximum possible

PI value will be 25).
6.3 DEMOGRAPHICS OF THE RESPONDENTS

The Figures 6.1 — 6.4 given below shows the demographics of the respondents
of the survey conducted for performance evaluation of Kollam Bypass project.
Experienced people from all the five stakeholder categories who were part of the
project were contacted and the responses were collected via email. The responses
from end-user category were collected from people working in different sectors
having minimum education to in order to understand the questionnaire and purpose of

the project.

M < 5 years M5 - 15 years
H16-25 H16-20
years years
| M26-30 1420 -30
years years
M > 30 years

Figure 6.1: Experience of client

respondents

Figure 6.2: Experience of contractor

respondents

H5-15
M2 -5 years years
H16-20
H6-10 years years
M20-30
M11-15 years
years

Figure 6.3: Experience of employee

respondents
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6.4 COMPARISON BETWEEN RII AND AHP RANKINGS

Tables 6.1 — 6.5 shows the obtained relative importance indices of the project

performance indicators for the five stakeholder categories in the Kollam Bypass

project along with the AHP priority weights of the indicators. Since both AHP and

RII analyses were conducted on the same project evaluation model using the same

performance indicators, the results from these two analyses gives the ranking of the

same parameters. Therefore, the ranks of the performance indicators for project

performance evaluation of EPC projects in Kerala can be plotted in the same graph for

each stakeholder category, to show the similarities and variations in it as shown in

figures 6.5 — 6.9.

Table 6.1: RII and AHP values of indicators for client category

Performance Indicators RII value AHP Rating
Client's satisfaction for time, cost & quality 0.83 0.0564
Profitability of the project 0.97 0.012
Appropriateness of the project size & location 0.9 0.0228
Performance level of the service provided 0.83 0.0228
Value for money of the project 0.9 0.0185
Health, safety & environmental impact of the project 0.73 0.0149
Competitiveness & transparency in the procurement 0.9 0.0116
process
Effectiveness in communication and coordination 0.87 0.0046
between the stakeholders
Approprlateness of the contract criteria for the 0.97 0.0139
project
PI‘OVISIOI'I of payments on time for completed work 0.9 0.0045
by the client
Favorability and efficiency of the legal framework 0.73 0.0161
Financial stability of the client 0.8 0.0379
Prior experience of client & EPC contractor 0.97 0.0546
Cllﬁ?l’lt s willingness to active participation in the 0.83 0.0219
project
Client's contribution to contractor selection 0.6 0.0426
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Ranking in the project =~ == AHP Ranking

1. Client's satisfaction

15. Client's contribution to
contractor selection

14. Client's willingness to / 3. Appropriateness of the
participation in the project \ 1 project size & location

4. Performance of the
service

13. Experience of client &
contractor

12. Financial stability of

client 5. Value for money

6. Health, safety &
environmental impact of
the project

11. Favorability the legal
framework
10. Payments on time by . Competitiveness in

client . . procurement process
9. Appropriateness O ffectiveness in

contract criteria communication

Figure 6.5: Comparison of AHP and RII rankings of indicators for client category

Ranking in the project =~ == AHP Ranking

16. Contractor' 1. lOntractor's satisfaction
O Ve . Profitability of the project

erformance
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13. Reputable developer
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contractor ‘ 4*‘ \ ‘, environmental impact
11. Favorability of the legal ’A‘ B' . Effectiveness in

framework ) communication
10. Appropriateness in budge 87 Appropriateness of the

and schedule estimates . . contract criteria
9. Efficiency of risk

management

Figure 6.6: Comparison of AHP and RII rankings of indicators for contractor

category
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Table 6.2: RII and AHP values of indicators for contractor category

Performance Indicators RII value AHP
Rating

Contractor's satisfaction for time, cost & quality 0.8 0.0072
Profitability of the project 0.83 0.0099
Appropriateness of the project size, design & location 0.94 0.0088
Performance level of service provided 0.8 0.0074
Value for money of the project 0.83 0.0163
Value for money of the project 0.69 0.0019
Hee.llth, safety, social & environmental impact of the 0.83 0.0108
project
Effectiveness in communication and coordination 0.94 0.0276
between the stakeholders
Appropriateness of the contract criteria for the project 0.8 0.0066
Efficiency of risk management (identification, analysis

.- ) 0.8 0.0237
& allocation) in the project
Appropnateness in the budget and schedule estimates of 0.63 0.0250
the project
Favourability and efficiency of the legal framework 0.97 0.0395
Prior experience of client & EPC contractor 0.77 0.0248
Reputa‘t?le developer / strong and good private 071 0.0079
consortium
Cor}tractor s willingness to active participation in the 0.86 0.0174
project
Contractor's overall performance in the project 0.94 0.055

The comparison for the client category is shown in figure 6.5. Some of the ranks
of the indicators in the client category were similar like experience of the client and
contractor, value for money and appropriateness of the project size and location. In
AHP analysis, ‘client’s satisfaction for time, cost and quality’ was having the highest

rank whereas that place was given to ‘prior experience of client & contractor’ in the

RII analysis.

In the contractor category as shown in figure 6.6, some of the performance
indicators were showing same ranks or adjacent ranks like overall performance of the

contractor, prior experience and appropriateness in the contract criteria. Some other

lower ranked indicators were also showing almost similar results.
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Ranking in the project =~ ===AHP Ranking

1. Employee's satisfaction
17. Employee's overall 0

performance
16. Employee's w1111ngness
to participation

15. Sufficient availability of
construction materials

14. Capability for selection
of personnel

13. Use of planning and
scheduling techniques

12. Presence of skil
working personnel

7Claim and dispute
work management

2. Profitability of project

3 Approprlateness of the
project size & location

4 Value for money

5 Technology diffusion

6. Effectiveness in
communication

7 Appropriateness in budget
and schedule estimates

8 Extent of site management

Figure 6.7: Comparison of AHP and RII rankings of indicators for employee

category

Table 6.3: RII and AHP values of indicators for employee category

Performance Indicators RII value AHP Rating
Employee's satisfaction for time, cost & quality 0.73 0.0148
Profitability of the project 1 0.0332
Appropriateness of the project size, design & location 1 0.0216
Value for money of the project 0.83 0.0149
Technology diffusion in engineering, procurement & 0.67 0.0081
construction stages
Effectiveness in communication and coordination 0.8 0.0071
between the stakeholders
Approprlateness in Fhe budget and schedule 0.83 0.0025
estimates of the project
Extent of site management and supervision 0.83 0.0044
Claim and dispute management 0.8 0.0028
Degree of project team work and partnerships 0.73 0.0029
Efficient TCQ & material management 0.73 0.0036
Presence of skilled working personnel 0.97 0.0105
Use of advanced planning and scheduling techniques 0.8 0.0036
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Performance Indicators RII value AHP Rating

Capablllty for right selection of personnel in the 0.87 0.0040
project

Sufﬁchlent aval.lablllty of gogd quality construction 0.97 0.0048
materials, equipment and skilled labour

Employee s willingness to active participation in the 0.67 0.0156
project

Employee's overall performance in the project 0.9 0.0100

From figure 6.7, it was observed that the employee category was also having
similarities in the ranks of some of the indicators as seen in the client category. The
highest ranked indicators in this category using both the analyses were the same

which were ‘project profitability’ and ‘appropriateness of the project size & location’.

The graph showing comparison of ranks of the performance indicators in the
supplier category as shown in figure 6.8 was showing a trend almost like that of the

contractor category. Some of the ranks were similar or nearly similar.

Ranking in the project ~ ===AHP Ranking

1. Supplier's satisfaction
1

11. Supplier's willingness to
participation

B

NN
O
Y’v
”:':
X

10. Sufficient availability of
construction materials

management

7. Appropriateness of supply
contract

Figure 6.8: Comparison of AHP and RII rankings of indicators for supplier category
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Table 6.4: RII and AHP values of indicators for supplier category

Performance Indicators RII value AHP Rating
Supplier's satisfaction for time, cost & quality 0.76 0.0211
Appropriateness of the project size & location 1 0.096
Value for money of the project 0.84 0.0548
Technology diffusion in material supply and 0.64 0.0019
management
Effectiveness in communication and coordination 0.88 0.0038
between the stakeholders
Transportation of materials and equipment on time 0.96 0.0069
Appropriateness of supply contract criteria 0.84 0.0023
Efficient TCQ & material management 0.8 0.0148
Favourability and efficiency of the legal framework 0.72 0.0049
Sufﬁc'lent ava1'1ab111ty of goc?d quality construction 0.88 0.0104
materials, equipment and skilled labour
Suppher s willingness to active participation in the 0.88 0.0073
project
Supplier's overall performance in the project 0.96 0.0238

Table 6.5: RII and AHP values of indicators for end-user category

Performance Indicators RII value AHP Rating
User's satisfaction for time, cost & quality 0.92 0.0218
Performance level of the service provided 0.88 0.0184
Value for money for the project 0.88 0.0086
Technology diffusion in engineering, procurement & 072 0.0016
construction stages
Effectiveness in communication and coordination 072 0.0007
between the stakeholders
Effectiveness of facility maintenance and 0.8 0.0030
management
Favourability and efficiency of the legal framework 0.72 0.0022
Knowledge about the project for the users 0.72 0.0068
User's willingness to the infrastructure use 0.76 0.0124
Presence of supporting & understanding community 0.68 0.0019
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Ranking in the project === AHP Ranking

1. User's satisfaction

2. Performance of the
service

10. Presence of supporting
community

9. User's willingness to the

infrastructure use 3. Value for money

8. Knowledge about the 4. Technology diffusion
project

. Effectiveness in
communication

7. Favorability of the lega
framework

6. Effectiveness of facility
maintenance

Figure 6.9: Comparison of AHP and RII rankings of indicators for end-user category

When the AHP and RII analysis results of the end—user category were compared,
it was seen from figure 6.9 that, the rank of most of the indicators were the same or
nearly same. In both analyses, the ‘user’s satisfaction for time, cost and quality’ and

‘performance of service provided’ were the indicators with higher ranks.

The questionnaire survey for AHP and RII analyses was conducted from
different personnel. The former responses were collected from professionals working
in EPC projects in Kerala in general, whereas the latter responses were collected from
the stakeholders of a specific EPC project (Kollam Bypass project). Since RII analysis
was based on a specific EPC project, the responses would be based on the conditions
existed in that project. But in AHP, the responses were from people working in
different EPC projects which gave the ranking of the indicators on a general basis.

This might have created a difference in the ranking of these indicators.
6.5 RESULTS OF PERFORMANCE EVALUATION

The performance indices for the indicators and the facets for the Kollam Bypass
project determined using the RII values for the five stakeholder categories are shown
in Tables 6.6 -6.10. The performance indices of the indicators and that for the facets

of performance prism were found out using Eq. 6.1 and Eq. 6.2.
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Table 6.6: Performance evaluation of client category of Kollam Bypass project

PI for Plfor | \ormalized
Performance Indicators PR IR . 1. weights for
indicators | Facets
facets (%)
Client's sat1§fact10n for time, 0.93 0.83 077
cost & quality ) )
Profitability of the project 0.87 0.97 0.84 Sajf)fa;‘ggon 22. 11
Approprlatepess of the project 0.87 0.9 078
size & location
Perff)rmance' level of the 0.83 0.83 0.69
service provided
Value for money of the project 0.87 0.9 0.78 Strategies =
18.32
Health, safety & 0.66
environmental impact of the 0.7 0.73 0.51
project
Competitiveness &
transparency in the 0.93 0.9 0.84
procurement process
Effectiveness in
communication and 0.9 0.87 078
coordination between the Processes = 2333
stakeholders 0.84 '
Appropriateness of the
contract criteria for the project 0.9 0.97 0.87
Provision of payments on time
for completed work by the 0.97 0.9 0.87
client
Favorability and efficiency of 0.77 0.73 056
the legal framework bilic
Financial stability of the client |  0.83 0.8 0.66 Caﬁ% o 19.99
Prior experience of client & '
EPC contractor 0.97 0.97 0.94
Che.nt' s w.ﬂhr}gness to gctlve 0.9 0.83 0.75
participation in the project -
Client tribution © ontribution 16.25
Lents contiouton o 0.7 0.6 0.42 =0.585
contractor selection
Total PI= | Total PI=
3.601 100 %

Table 6.7: Performance evaluation of contractor category of Kollam Bypass project

PI for PI for Normalized
Performance Indicators PR IR . 1. weights for
indicators | Facets
facets (%)
Cpntractor s satlsfactlon for 0.69 08 055
time, cost & quality ) )
Profitability of the project 0.77 0.83 0.64 Saf%f%‘;%on 20.81
Appropriateness of the project 0.89 0.94 0.84

size, design & location
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Normalized

Performance Indicators PR IR . P.I for PI for weights for
indicators | Facets
facets (%)
Perfqrmance level of service 0.77 0.8 0.62
provided
Value for money of the project 0.8 0.83 0.66 Strategies =
0.540 16.63
Health, safety, social & :
environmental impact of the 0.49 0.69 0.34
project
Effectiveness in communication|
and coordination between the 0.74 0.83 0.61
stakeholders
Apprgprlateness of the contract 0.83 0.94 078
criteria for the project Processes =
Efficiency of risk management 0.605 18.63
(identification, analysis & 0.71 0.8 0.57 ’
allocation) in the project
Appropriateness in the budget
and schedule estimates of the 0.57 0.8 0.46
project
Favourability and efficiency of
the legal framework 0.57 0.63 0.36
Prior experience of client & 0.91 0.97 088 .
EPC contractor Capabilities 18.99
Reputable developer / strong =0.617 ’
. . 0.86 0.77 0.66
and good private consortium
Financial stability of the EPC 0.8 071 057
contractor
Contractor's willingness to
active participation in the 0.86 0.86 0.74 Contribution
project —0.8] 24.94
Contractor's Qverall . 0.94 0.94 0.88
performance in the project
Total PI | Total PI =
= 3.248 100 %

Table 6.8: Performance evaluation of employee category of Kollam Bypass project

PI for PI for Normalized
Performance Indicators PR IR . 1. weights for
indicators | Facets
facets (%)
Employee ] satlsfactlon for 0.7 073 051
time, cost & quality ) )
Profitability of the project 0.83 1 0.83 Saf%fag‘;t;on 25.32
Appropqateness of ‘Fhe project 0.97 1 0.97
size, design & location
Value for money of the project 0.77 0.83 0.64
Technology diffusion in Stra(t)esg;es | 16.03
engineering, procurement & 0.63 0.67 0.42 ’

construction stages
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Normalized

Performance Indicators PR IR . P.I for PI for weights for
indicators | Facets
facets (%)
Effectiveness in communication|
and coordination between the 0.77 0.8 0.62
stakeholders
Appropriateness in the budget
and schedule estimates of the 0.7 0.83 0.58
project Processes = 18.38
i 0.608 ’
Extent .O.f site management and 0.87 0.83 072
supervision
Claim and dispute management 0.7 0.8 0.56
Degree of pro.Ject team work 0.77 0.73 0.56
and partnerships
Efficient TCQ & material 0.63 0.73 046
management
Presence of skilled working 0.93 0.97 0.90
personnel
Use of advanced planning and | ¢ 0.8 0.64 |Capabilities
scheduling techniques N 20.62
— - - =0.682
Capability for right selection of
. ) 0.8 0.87 0.70
personnel in the project
Sufficient availability of good
quality construction materials, 0.73 0.97 0.71
equipment and skilled labour
Employee's willingness to
active participation in the 0.77 0.67 0.52 Contribution
project —0.65 19.65
Employee's overall 0.87 0.9 0.78
performance in the project
Total PI | Total PI =
=3.307 100 %

Table 6.9: Performance evaluation of supplier category of Kollam Bypass project

PI for PI for Normalized
Performance Indicators PR IR . 1. weights for
indicators| Facets
facets (%)
Supplier's sgtlsfactlon for time, 08 076 061 ' .
cost & quality Satisfaction
- - -~ 21.46
Appropriateness of the project =0.765
. . 0.92 1 0.92
size & location
Value for money of the project 0.88 0.84 0.74
Technology diffusion in Strategies = 17.25
material supply and 0.76 0.64 0.49 0.615
management
Effectiveness in communication| Processes =
and coordination between the 0.88 0.88 0.77 0.797 22.36

stakeholders
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Normalized

Performance Indicators PR IR . P.I for PI for weights for
indicators| Facets
facets (%)
Trapsportahon .of materials and 0.92 0.96 088
equipment on time
Approprlat.ene.ss of supply 0.88 0.84 074
contract criteria
Efficient TCQ & material 0.72 0.8 058
management
Favourability and efficiency of o
the legal framework 0.68 0.72 049 | Capabilities 1523
Sufficient availability of good =0.543
quality construction materials, 0.64 0.88 0.56
equipment and skilled labour
Suppl}er s w11'11ngness t.0 active 0.92 0.88 031 o
participation in the project Contribution 237
Suppher s overall performance 0.92 0.96 0.88 =0.845
in the project
Total PI=| Total PI1=
3.565 100 %

Table 6.10: Performance evaluation of end-user category of Kollam Bypass project

PI for PI for Normalized
Performance Indicators PR IR . 1. weights for
indicators | Facets
facets (%)
User's satlsfactlon for time, 0.88 0.92 031 . '
cost & quality Satisfaction 2508
Perff)rmance. level of the 0.8 0.88 0.70 =0.755
service provided
Val}le for money for the 0.8 0.88 0.70
project Strategies =
Technology diffusion in 0 5g9 5 20.49
engineering, procurement & 0.68 0.72 0.49 )
construction stages
Effectiveness in communication|
and coordination between the 0.64 0.72 0.46 p _
stakeholders rocesses 16.69
- — 0.485
Effectiveness of facility
. 0.64 0.8 0.51
maintenance and management
Favourability and efficiency of 0.68 0.72 0.49 .
the legal framework Capabilities 1738
Knowledge about the project 0.72 0.72 052 =0.505
for the users
User s willingness to the 0.8 0.76 0.61 o
infrastructure use Contribution
- - 19.46
Presence of supporting & =0.565
. . 0.76 0.68 0.52
understanding community
Total PI Total PI =
=2.905 100 %
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From the results shown in the above tables, it can be inferred that the total PI of
the project is 16.626, which is the sum of the PI values of all the stakeholder
categories and the overall performance of the project in percentage is 66.504 %. The
client category was the one with highest performance index of 3.601 while the end-
user category was the least performing group with a performance index of 2.905.
These performance indices were then normalized to get the percentage of
performance of the stakeholders. The figure 6.10 shows the variation of percentage of

performance of different stakeholders in the project.

| I | | I
suppicr | 1+
@ .
L
=
© End - user 17.47
Y
2 |
o
o
5 Contractor 19.54
=
= i
S
=~ Employee 19.89
8
N .
Client 21.66
0 5 10 15 20 25
Performance of stakeholders (%)

Figure 6.10: Performance of different stakeholders in the Kollam Bypass project

The performance of supplier category was good with a result of 21.44 %. As per
the study, the project had encountered with shortage of materials at some point. But
still, the suppliers had managed to deliver materials and equipment without causing
much delay in the project. The results of contractor and employee categories were
showing an average performance in the project (19.54 % and 19.89 % respectively).
The contribution of the contractor and the satisfaction of the employees were high
whereas all other facets of the two categories were showing average results. This may
be due to the large number of activities and issues that the two categories must
address. For future projects, they must work on all these facets for better project

performance.
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6.6 SUMMARY

Kollam Bypass project was selected as the EPC project in Kerala for conducting
performance evaluation in this study. The priority weights of the performance
indicators obtained through AHP analysis in the previous chapter and the ranks of the
indicators for the selected EPC project determined through RII analysis in this chapter
have been compared in this section. Most of the stakeholder categories were showing
similar rankings for the indicators within which the end-users were showing least
variations. The perception of different respondents in responding to the survey

questionnaire was found to be having a huge effect on these variations.

The performance evaluation of the Kollam Bypass project was conducted using
the Performance Prism framework whose results are also explained in this section.
The performance indices of the indicators were obtained using RII rating under
prevalence and importance rating. From the results, the client category was found to
be outperforming all other stakeholder categories followed by the suppliers and the
least performing ones were the end-users. The contractor and employee categories

were showing an average performance in the project compared to others.
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CHAPTER 7

CONCLUSION

This study aimed to evaluate the performance of EPC projects in Kerala with
respect to different aspects of a construction project other than concentrating only on
project schedule and budget. From a thorough literature study, the Performance Prism
framework was chosen for this purpose as it is framed based on stakeholder
perception. The whole study revolves around the performance indicators used in EPC
projects and their related analyses. The following were the main conclusions derived

from this study:

= 45 important performance indicators relevant for EPC projects in Kerala were
identified from an extensive literature review and pilot study.

= Performance Prism framework was chosen for formulating a performance
evaluation model for EPC projects using the 45 indicators.

= The ranking of these indicators was determined through AHP analysis in
which client’s and user’s satisfaction, contractor’s and supplier’s overall
performance in the project, performance of the constructed facility, experience
of client and contractor and value for money were the highest ranked
indicators.

= In order to conduct the performance evaluation of an EPC project, Kollam
Bypass project in Kerala was selected. The ranking of the indicators as per the
conditions prevalent in the EPC project were determined using RII analysis.
The AHP and RII results were used to draw a comparison between the ranks
of the indicators for each stakeholder category. Most of the stakeholder
categories were showing almost similar rankings with the end-user category
having least variations.

= Using RII values under the prevalence and importance ratings, the
performance index (PI) of the indicators along with that of the facets of the
framework for the project were determined.

= (lient category was having highest PI value and end-user category was having
the least PI value. The overall performance of the Kollam Bypass project was

determined as 66.504 %.
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A holistic method for performance evaluation of construction projects has been
explored in this study. A performance evaluation model specifically designed for EPC
projects concentrated in Kerala has been developed using which the performance of
any EPC projects can be obtained in numerical terms. Since the model has been
developed based on the Performance Prism framework, it incorporates all the
concerns related to the performance of different stakeholders. This study serves as a

base for all the performance related studies of EPC projects in Kerala.
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APPENDICES

APPENDIX A

PILOT SURVEY QUESTIONNAIRE FOR IDENTIFYING EPC PROJECT
PERFORMANCE INDICATORS

Given below is the list of 58 performance indicators identified from literature survey
for Engineering, Procurement and Construction (EPC) projects in general. We
recognize that you are a professional with rich expertise in the field of construction.
We request you to help us by filling the questionnaire. Mark your rating against each
indicator in the 5- point likert scale according to the significance of each indicator in
making EPC projects success. Please respond to each question honestly and
accurately. (I- no significance, 2- slightly significant, 3- moderately significant, 4-
very significant, 5- extremely significant)

I assure you that your response will be kept confidential and it will be used

strictly for academic / research purposes.

For any queries/ suggestions regarding the research, please contact:
Vani Mohan V, P. G. Scholar, Dept, of Civil Engineering, TKM College of
Engineering, Kollam

E-mail: vanimohanv.1998@gmail.com

GENERAL INFORMATION:

1. Organization name:
2. Respondent designation:

3. Experience in construction industry:

Sl Performance indicator Signiﬁcar.lce .of performance

No. indicators
1 | Project knowledge 1 2 3 4 5
2 | Demand for project 1 2 3 4 5
3 | Project size, location & complexity 1 2 3 4 5
4 | Project cost 1 2 3 4 5
5 | Project profitability 1 2 3 4 5
6 | Project productivity 1 2 3 4 5
7 | Health, safety & environmental impact 1 2 3 4 5
2 Leve! of c;qnstruction waste & 1 ) 3 4 5

sustainability
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Sl

Performance indicator

Significance of performance

No. indicators
9 Public F:hent s satisfaction for time, cost 1 ) 3 4 5
& quality
Other stakeholder’s satisfaction
10 | (concessionaire, contractor, employees, 1 2 3 4 5
suppliers & users)
1 Vision qnd qommltment of client & 1 ) 3 4 5
concessionaire
12 Experience of client, concessionaire & 1 ) 3 4 5
contractor
13 | Experienced manufacturer 1 2 3 4 5
14 Re.putable deve}oper / strong & good 1 ) 3 4 5
private consortium
Public client’s performance in the
15 | establishment of investment 1 2 3 4 5
environment
16 | Financial stability of client 1 2 3 4 5
17 | Financial stability of contractor 1 2 3 4 5
13 Client’s delay in payments for the 1 ) 3 4 5
completed work
19 | Change order driven by client 1 2 3 4 5
20 | Delay in approval stage 1 2 3 4 5
Inaccuracies and deficiencies in budget
21 & schedule estimates ! 2 3 4 >
22 | Poor site management and supervision 1 2 3 4 5
23 | Sub — contractor’s poor management 1 2 3 4 5
24 Dplay in decision makmg in critical 1 ) 3 4 5
situations and emergencies by contractor
75 Trapsportatlon delay of materials & 1 ) 3 4 5
equipments
26 Sufﬁc'lent aval'lablhty of construction 1 ) 3 4 5
materials, equipments & labor
27 Poor economy cond1t19ns (inflation 1 ) 3 4 5
rates, exchange rates, interest rates etc.)
28 Quqhty of construction materials & 1 ) 3 4 5
equipments
29 Apprgpnateness of concessionaire 1 ) 3 4 5
criteria
30 Competitive & transparent procurement 1 ) 3 4 5
process
31 | Appropriateness of concession period 1 2 3 4 5
3 Inaccuracx in understanding of contract 1 ) 3 4 5
by the parties
33 | Payment modality in contract 1 2 3 4 5
34 Capability for claim & dispute 1 ) 3 4 5
management
35 | Accidents & incidents 1 2 3 4 5
36 | Political support & stability 1 2 3 4 5
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SIL. Performance indicator Significal'lce .of performance

No. indicators

37 | Favorable & efficient legal framework 1 2 3 4 5

38 | Trust & openness 1 2 3 4 5

39 | Supportive & understanding community 1 2 3 4 5
Effectiveness of risk management

40 (identification, analysis & allocation) ! 2 3 4 >

41 Effective communication & 1 3 4 5
coordination between stakeholders

42 | Partnering and strategic alliances 1 2 3 4 5

43 | Technology diffusion 1 2 3 4 5
Flexible financing and tax reduction

44 | packages to contractors, manufacturers 1 2 3 4 5
& suppliers

45 Efficiency of TCQ & material 1 ) 3 4 5
management
Appropriateness of definition of service

46 need & desired outputs ! 2 3 4 >
Innovation for strategic planning,

47 | process design, procurement & 1 2 3 4 5
technology

48 | Leadership from top level management 1 2 3 4 5

49 | Skilled management personnel 1 2 3 4 5

50 Degree of project team work & 1 3 4 5
partnerships

51 Appropriateness of selection of project 1 ) 3 4 5
teams

52 | Advanced planning & scheduling 1 2 3 4 5

53 | Effectiveness of facility management 1 2 3 4 5

54 | Service performance 1 2 3 4 5

55 | Value for money 1 2 3 4 5

56 | Stakeholder’s overall performance 1 2 3 4 5

57 Stakeholder’s willingness to active 1 ) 3 4 5
participation

53 1[leseer’s willingness to the infrastructure 1 ) 3 4 5

If you feel that any other indicators other than those mentioned above are relevant for
performance evaluation of EPC projects, please write it below along with its rating

out of 5.

Thank you for your precious time.
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APPENDIX B

B.1. AHP QUESTIONNAIRE FOR CLIENTS OF EPC PROJECTS

Given below is an Analytical Hierarchy Process (AHP) questionnaire meant for the clients of highway projects implemented through EPC mode
in Kerala. We recognize that you are a professional with rich expertise in the field of construction. We request you to help us by filling this
questionnaire. The questionnaire consists of three parts in which first part consists of five categories of indicators responsible to the clients that
are needed for the performance evaluation of EPC projects. Mark any one indicator among each pair of indicators (Column 1 and Column 2
indicators form a pair) which is more important for the success of EPC projects as per your opinion. For example: In a pair, if column 1 indicator
is more important than column 2, then mark the importance of column 1 indicator on the left side of the 9 point rating scale. The second and
third part of the questionnaire includes the rating of the five indicator categories and five different stakeholders of EPC projects respectively.
Please respond to each question honestly and accurately.

I assure you that your response will be kept confidential and it will be used strictly for academic / research purposes.

For any queries/ suggestions regarding the research, please contact:
Vani Mohan V, P. G. Scholar, Dept, of Civil Engineering, TKM College of Engineering, Kollam

E-mail: vanimohanv.1998@gmail.com

GENERAL INFORMATION:

1. Organization name:
2. Respondent designation:

3. Experience in construction industry:
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PART A

If Column 1 element is of more importance than Column 2 = If Column 2 element is of more importance than Column 1
8
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Indicators that show client satisfaction (3 indicators)
Project profitability

Client's satisfaction for
time, cost & quality

Appropriateness of
project size & location

Project profitability

Appropriateness of
project size & location

In

dicators th

at show client st

rategies (3

indicators)

Value for money

Performance of
service provided

Health, safety &
environmental impact
of the project

Performance of service
provided

Health, safety &
environmental impact
of the project

In

dicators th

at show client processes (4

indicators)

Client's delay in
payments for the
completed work

Appropriateness of
contract criteria

Competitive &
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transparent
procurement process

Effective
communication and
coordination with
other stakeholders

Competitive &
transparent
procurement process

Appropriateness of
contract criteria

Effective
communication and
coordination with
other stakeholders

Competitive &
transparent
procurement process

Effective
communication and
coordination with
other stakeholders

Indicators that show client ca

pabili

ties (3 indicators)

Financial stability of

Experience of client &
contractor

client

Favorable and
efficient legal
framework

Financial stability of
client

Favorable and
efficient legal
framework

Indicators that show client contribution

2 indicators)

Client's contribution to

contractor selection

Client's willingness to
active participation
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PART B

If Column 1 element is of more importance than Column 2 If Column 2 element is of more importance than Column 1
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Strategies of stakeholder
Stakeholder’s Processes of stakeholder
satisfaction Capabilities of stakeholder
Stakeholder’s contribution
Processes of stakeholder
Strategies of e
s takel%ol der Capabilities of stakeholder
Stakeholder’s contribution
Processes of Capabilities of stakeholder
stakeholder Stakeholder’s contribution
Capabilities of _
s‘g keholder Stakeholder’s contribution
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PART C

If Column 1 element is of more importance than Column 2

If Column 2 element is of more importance than Column 1
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Contractors
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Clients -
Suppliers
End — users
Employees
Contractors Suppliers
End — users
Suppliers
Employees
End — users
Suppliers End — users

Thank you for your precious time
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B.2. AHP QUESTIONNAIRE FOR CONTRACTORS OF EPC PROJECTS

Given below is an Analytical Hierarchy Process (AHP) questionnaire meant for the contractors of highway projects implemented through EPC
mode in Kerala. We recognize that you are a professional with rich expertise in the field of construction. We request you to help us by filling this
questionnaire. The questionnaire consists of three parts in which first part consists of five categories of indicators responsible to the contractors
that are needed for the performance evaluation of EPC projects. Mark any one indicator among each pair of indicators (Column 1 and Column 2
indicators form a pair) which is more important for the success of EPC projects as per your opinion. For example: In a pair, if column 1 indicator
is more important than column 2, then mark the importance of column 1 indicator on the left side of the 9 point rating scale. The second and
third part of the questionnaire includes the rating of the five indicator categories and five different stakeholders of EPC projects respectively.
Please respond to each question honestly and accurately.

I assure you that your response will be kept confidential and it will be used strictly for academic / research purposes.
For any queries/ suggestions regarding the research, please contact:
Vani Mohan V, P. G. Scholar, Dept, of Civil Engineering, TKM College of Engineering, Kollam

E-mail:vanimohanv.1998@gmail.com

GENERAL INFORMATION:

1. Organization name:
2. Respondent designation:

3. Experience in construction industry:
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PART A

If Column 1 element is of more importance than Column 2

If Column 2 element is of more importance than Column 1
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Indicators that show contractor satisfaction (3 indicators)
] ) Appropriate project size &
Cont‘ractor’s satlsfact%on location
for time, cost & quality Project profitability
Appro[:;:?gizirigf ct size Project profitability
Indicators that show contractor strategies (3 indicators)
Performance of service
provided
Value for money Health, safety &
environmental impact
Performance of service Health, safety &
provided environmental impact
Indicators that show contractor processes (4 indicators)
Appropriateness of
contract criteria
Efficiency of risk
management
Appropriateness in - Effective communication
and coordination with
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other stakeholders
budget and schedule
estimates
Efficiency of risk
Appropriateness of management
contract criteria

Effective communication
and coordination with

Efficiency of risk
management

other stakeholders
Effective communication
and coordination with
other stakeholders

show contractor capabilities (4 indicators)

Financial stability of

contractor
Experience of Reputable developer /
contractor& client strong and gopd private
consortium
Favourable legal and
regulatory framework
Reputable developer /
strong and good private
Financial stability - consortium
of contractor Favourable legal and
regulatory framework
Reputable developer / Favourable legal and
strong and good private
consortium

regulatory framework

Contractor's willingness

Indicators that show contractor contribution (2

indicators)

to active participation

Contractor's overall

performance



PART B

If Column 1 element is of more importance than Column 2

If Column 2 element is of more importance than Column 1
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Strategies of
stakeholder
Processes of
Stakeholder’s stakeholder
satisfaction Capabilities of
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Stakeholder’s
contribution
Processes of
stakeholder
Strategies of Capabilities of
stakeholder stakeholder
Stakeholder’s
contribution
Capabilities of
Processes of stakeholder
stakeholder Stakeholder’s
contribution
Capabilities of Stakeholder’s
stakeholder contribution
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PART C

If Column 1 element is of more importance than Column 2

If Column 2 element is of more importance than Column 1
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Contractors
. Employees
Clients -
Suppliers
End — users
Employees
Contractors Suppliers
End — users
Suppliers
Employees
End — users
Suppliers End — users

Thank you for your precious time
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B.3._ AHP QUESTIONNAIRE FOR EMPLOYEES OF EPC PROJECTS

Given below is an Analytical Hierarchy Process (AHP) questionnaire meant for the employees of construction companies that undertake EPC
mode for highway projects in Kerala. We recognize that you are a professional with rich expertise in the field of construction. We request you to
help us by filling this questionnaire. The questionnaire consists of three parts in which first part consists of five categories of indicators
responsible to the employees that are needed for the performance evaluation of EPC projects. Mark any one indicator among each pair of
indicators (Column 1 and Column 2 indicators form a pair) which is more important for the success of EPC projects as per your opinion. For
example: In a pair, if column 1 indicator is more important than column 2, then mark the importance of column 1 indicator on the left side of the
9 point rating scale. The second and third part of the questionnaire includes the rating of the five indicator categories and five different
stakeholders of EPC projects respectively. Please respond to each question honestly and accurately.

I assure you that your response will be kept confidential and it will be used strictly for academic / research purposes.
For any queries/ suggestions regarding the research, please contact:
Vani Mohan V, P. G. Scholar, Dept, of Civil Engineering, TKM College of Engineering, Kollam

E-mail: vanimohanv.1998@gmail.com

GENERAL INFORMATION:

1. Organization name:
2. Respondent designation:

3. Experience in construction industry:
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PART A

If Column 1 element is of more importance than Column 2

If Column 2 element is of more im

ortance than Column 1
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Indicators that show employee satisfaction (3 indicators)
Project profitability

Employee's satisfaction
for time, cost & quality

Appropriateness of project size
& location

Project profitability

Appropriateness of project size
& location

Indicators that show employee strate

ies (2 indicators)

Value for money

Technology diffusion in
engineering, procurement &
construction stages

Indicato

rs th

at show employee

processes (5 indicators)

Appropriateness in
budget and
schedule estimates

Proper site management and
supervision

Claim and dispute management

Effective communication and
coordination with other
stakeholders

Degree of project team work
and partnerships

Proper site management
and supervision

Claim and dispute management

Effective communication and
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coordination with other
stakeholders

Degree of project team work
and partnerships

Effective communication and
coordination with other

Claim and dlsptute stakeholders
fhanagemen Degree of project team work
and partnerships
Effective
communication and Degree of project team work
coordination with other and partnerships
stakeholders
Indicators that show employee capabilities (5 indicators)
Advanced planning and
scheduling techniques
Efficient TCQ & material
. . management system
Skilled working Capability for right selection of
personnel

project teams

Sufficient availability of good
quality construction materials &
equipments and skilled labor

Advanced planning
and scheduling

Efficient TCQ & material
management system

Capability for right selection of
project teams

techniques Sufficient availability of good
quality construction materials &
equipments and skilled labor
Efficient TCQ & Capability for right selection of
material management project teams
system Sufficient availability of good
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quality construction materials &
equipments and skilled labor

Capability for right
selection of project
teams

Sufficient availability of good
quality construction materials &
equipments and skilled labor

Indicators that show employee contribution (2 indicators)

Employee's willingness
to active participation

Employee's performance

PART B

If Column 1 element is of more importance than Column 2

Column 1
indicators

Extremely
Very strongly
to extremely
Strongly to
very strongly
Strongly
Moderately
to strongly

Equally to

moderately

If Column 2 element is of more importance than Column 1

important

Equally
Equally to

Column 2
indicators

moderately
Moderately
to strongly
Strongly
Strongly to
very strongly
Very strongly
to extremely
Extremely

| Very strongly
«w| Moderately

o
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)]
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(]

«w| Moderately
| Very strongly

=
)]
=)
> <)
o

Strategies of stakeholder

Processes of stakeholder

Stakeholder’s satisfaction

Capabilities of stakeholder

Stakeholder’s contribution

Processes of stakeholder

Strategies of stakeholder

Capabilities of stakeholder

Stakeholder’s contribution
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Processes of stakeholder Capabilities of stakeholder

Stakeholder’s contribution

apabilities of o
Capabilities o Stakeholder’s contribution
stakeholder
PART C
If Column 1 element is of more importance than Column 2 If Column 2 element is of more importance than Column 1
> ) > ) S N
— | |
> B B |8 2 2 e 22 e 2 2 |& 2 S5 o |mgl =
S I5E S -85S D582 2 2 5= 55 ¢
Column 1 § s 2| & E”g s §§ § %géaﬁﬁ % §§ g E"g s |82 § Column 2
. E |28 2|82 EmE=|22mgEs e|mE 2|8 2|25 & -
indicators “ (o ZIEA RS S |z 3 ET 3 o |2 F s Y H indicators
2 S| S|AE 7 ZeEmE TRE S YA 5|5l
9 8 716 | 5143 |2 1 12 (3 | 4|56 78109
Contractors
Clients Employees
Suppliers
End — users
Employees
Contractors Suppliers
End — users
Suppliers
Employees Endppusers
Suppliers End — users

Thank you for your precious time
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B.4. AHP QUESTIONNAIRE FOR MATERIAL SUPPLIERS OF EPC PROJECTS

Given below is an Analytical Hierarchy Process (AHP) questionnaire meant for the material and equipment suppliers for construction of
highway projects implemented through EPC mode in Kerala. We recognize that you are a professional with rich expertise in the field of
construction. We request you to help us by filling this questionnaire. The questionnaire consists of three parts in which first part consists of five
categories of indicators responsible to the suppliers that are needed for the performance evaluation of EPC projects. Mark any one indicator
among each pair of indicators (Column 1 and Column 2 indicators form a pair) which is more important for the success of EPC projects as per
your opinion. For example: In a pair, if column 1 indicator is more important than column 2, then mark the importance of column 1 indicator on
the left side of the 9 point rating scale. The second and third part of the questionnaire includes the rating of the five indicator categories and five
different stakeholders of EPC projects respectively. Please respond to each question honestly and accurately.

I assure you that your response will be kept confidential and it will be used strictly for academic / research purposes.
For any queries/ suggestions regarding the research, please contact:
Vani Mohan V, P. G. Scholar, Dept, of Civil Engineering, TKM College of Engineering, Kollam

E-mail: vanimohanv.1998@gmail.com

GENERAL INFORMATION:

1. Organization name:
2. Respondent designation:

3. Experience in construction supply chain:
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PART A

If Column 1 element is of more importance than Column 2

If Column 2 element is of more importance than Column 1

> ) > > ) > 2 2 >
=B 5] 0| 8 T 2o 2o 2 Elo 2 2|2 2 S 5y Eo|T=] =
SIEE E e zcgEceTsEss|EleE s 2EE
EIZS| Slme| ¥csE|c|I=EE 2352 IS5 ¥ = 2|25 E
Column 1 o2 5 5 = S S 5|55 558 Sl 2|52 5 ® Column 2
“”’“”’5"’3-55-5=%nﬂg=%~cc33§"’”’”’“‘-
indicators 23 e soRrlEseSlTe EEFélEledlaleyTE g = indicators
IR AR = S| = |k E REZ=|=S A3 2|0 g =
91 8 |76 |5 4 3|2 1 2 |31 4|56 7] 819
Indicators that show supplier satisfaction (2 indicators)
Supplier's satisfaction for Appropriate project size &
time, cost & quality location
Indicators that show supplier strategies (2 indicators)
Technology diffusion in
Value for money material manufacturing and
management
Indicators that show supplier processes (3 indicators)
Effective communication Transportatmn d;lay of
. . materials and equipments
and coordination with Apbropriateness of sunol
other stakeholders bprop  OF SUpply
contract criteria
Transportation delay of Appropriateness of supply
materials and equipments contract criteria
Indicators that show supplier capabilities (3 indicators)
Sufficient availability of
. ‘ good quality construction
Efficient material materials & equipments
management system
g y Favourable legal and
regulatory framework
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Sufficient availability of
good quality construction
materials & equipments

Favourable legal and
regulatory framework

Indicators that show su

plier

contribution (2 indicators)

Supplier's willingness to
active participation

Supplier's overall

performance in the project

PART B

If Column 1 element is of more importance than Column 2

Column 1
indicators

Extremely
Very strongly
to extremely
Strongly to
very strongly
Strongly
Moderately
to strongly
Equally to
moderately

Equally
important
Equally to

If Column 2 element is of more importance than Column 1

Column 2
indicators

moderately
Moderately
to strongly
Strongly
Strongly to
very strongly
Very strongly
to extremely
Extremely

| Very strongly
w| Moderately

o
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=
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w| Moderately
<| Very strongly
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Strategies of stakeholder

Processes of stakeholder

Stakeholder’s
satisfaction

Capabilities of
stakeholder

Stakeholder’s
contribution

Processes of stakeholder

Strategies of
stakeholder

Capabilities of
stakeholder

Stakeholder’s
contribution

Processes of

Capabilities of
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stakeholder stakeholder
Stakeholder’s
contribution
Capabilities of Stakeholder’s
stakeholder contribution
PART C

If Column 1 element is of more importance than Column 2

If Column 2 element is of more importance than Column 1
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Contractors
Clients Employees
Suppliers
End — users
Employees
Contractors Suppliers
End — users
Suppliers
Employees Endppusers
Suppliers End — users

Thank you for your precious time
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B.S._ AHP QUESTIONNAIRE FOR END-USERS OF EPC PROJECTS

Given below is an Analytical Hierarchy Process (AHP) questionnaire meant for the end-users of highway projects constructed through EPC
mode in Kerala. We recognize that you are with relevant knowledge and understanding about construction projects. We request you to help us by
filling this questionnaire. The questionnaire consists of three parts in which first part consists of five categories of indicators responsible to the
end — users that are needed for the performance evaluation of EPC projects. Mark any one indicator among each pair of indicators (Column 1
and Column 2 indicators form a pair) which is more important for the success of EPC projects as per your opinion. For example: Ina pair, if
column 1 indicator is more important than column 2, then mark the importance of column 1 indicator on the left side of the 9 point rating scale.
The second and third part of the questionnaire includes the rating of the five indicator categories and five different stakeholders of EPC projects

respectively. Please respond to each question honestly and accurately.

I assure you that your response will be kept confidential and it will be used strictly for academic / research purposes.
For any queries/ suggestions regarding the research, please contact:

Vani Mohan V, P. G. Scholar, Dept, of Civil Engineering, TKM College of Engineering, Kollam

E-mail: vanimohanv.1998@gmail.com

GENERAL INFORMATION:

1. Respondent designation:

2. Experience in the field of working:
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PART A

If Column 1 element is of more importance than Column 2 If Column 2 element is of more importance than Column 1
> > > = ) =] > > >
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Indicators that show end-user satisfaction (2 indicators)
User's satisfaction for Performance of
time, cost & quality service provided
Indicators that show end-user strategies (2 indicators)
Technology diffusion
in engineerin
Value for money i engt &
procurement &
construction stages
Indicators that show end-user processes (2 indicators)
Effective
communication and Effectiveness of
coordination with facility management
other stakeholders
Indicators that show end-user capabilities (2 indicators)
) Favourable legal and
Project knowledge vou &
regulatory framework
Indicators that show end-user contribution (2 indicators)
1 Supporting&
User's willingness to 1PP g
. understanding
the infrastructure use .
community
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PART B

If Column 1 element is of more importance than Column 2

If Column 2 element is of more importance than Column 1
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Strategies of
stakeholder
Processes of
Stakeholder’s stakeholder
satisfaction Capabilities of
stakeholder
Stakeholder’s
contribution
Processes of
stakeholder
Strategies of Capabilities of
stakeholder stakeholder
Stakeholder’s
contribution
Capabilities of
stakeholder
Processes of- Stakeholder’s
Stakeholder -
contribution
Capabilities of Stakeholder’s
stakeholder contribution
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PART C

If Column 1 element is of more importance than Column 2

If Column 2 element is of more importance than Column 1
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Contractors
. Employees
Clients -
Suppliers
End — users
Employees
Contractors Suppliers
End — users
Suppliers
Employees
End — users
Suppliers End — users

Thank you for your precious time




APPENDIX C
C.1. QUESTIONNAIRE FOR PERFORMANCE EVALUATION OF
ENGINEERING, PROCUREMENT AND CONSTRUCTION PROJECTS —
CLIENT

This questionnaire is aimed at the implementation of performance evaluation of
highway projects delivered through Engineering, Procurement and Construction
(EPC) projects in Kerala. We recognize that you are a professional with rich expertise
in the field of construction. We request you to help us by filling the questionnaire.

Please respond to each question honestly and accurately.

I assure you that your response will be kept confidential and it will be used

strictly for academic / research purposes.

For any queries/ suggestions regarding the research, please contact: Vani Mohan V, P.
G. Scholar, Dept, of Civil Engineering, TKM College of Engineering, Kollam
E-mail: vanimohanv.1998@gmail.com

GENERAL INFORMATION:

1. Organization name:
2. Respondent designation:

3. Experience in construction industry:

Given below are some of the performance indicators as identified from literature.
Kindly mark your rating against each indicator in the 5- point likert scale according to
the effect of the factor on the project performance. (5- Very high score, 4- High

score, 3- Moderate score, 2- Low score, 1- Very low score)

How do you rate the
importance of this
indicator on the project
performance?

How do you rate the
prevalence of this indicator
in the project?

SI. Performance
No. Indicator

1 | Client's satisfaction for| @ @ @ @ Very low/ Low/ Moderate/
time, cost & quality @ High/ Very high

2 Profitability of the @ @ @ @ Very low/ Low/ Moderate/
project @ High/ Very high

3 | Appropriateness of the Very low/ Low/ Moderate/
project size & location @ @ @ @ @ High/ Very high
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4 | Performance level of Very low/ Low/ Moderate/
the service provided @ @ @ @ @ High/ Very high

5 | Value for money for Very low/ Low/ Moderate/
e pojc @@ G| sigh very i

6 | Health, safety & Very low/ Low/ Moderate/
environmental impact @ @ @ @ @ High/ Very high
of the project

7 | Competitiveness & Very low/ Low/ Moderate/
transparency in the High/ Very high
procurement process @ @ @ @ @

8 | Effective Very low/ Low/ Moderate/
communication and @ @ @ @ @ High/ Very high
coordination between
stakeholders

9 | Appropriateness of the Very low/ Low/ Moderate/
contract criteria for the @ @ @ @ @ High/ Very high
project

10 | Provision of payments Very low/ Low/ Moderate/
on time by the client @ @ @ @ @ High/ Very high
for completed work

11 | Favorability and Very low/ Low/ Moderate/
efficiency of the legal @ @ @ @ @ High/ Very high
framework

12 | Financial stability of Very low/ Low/ Moderate/
o T [ DO D e

13 | Prior experience of @ @ @ @ Very low/ Low/ Moderate/
client & EPC @ High! Very high

14 | Client's willingness to Very low/ Low/ Moderate/
active participation @ @ @ @ @ High! Very high

15 | Client's contribution to @ @ @ @ @ Very low/ Low/ Moderate/
contractor selection High/ Very high

Thank you for your precious time
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C.2. OUESTIONNAIRE FOR PERFORMANCE EVALUATION OF
ENGINEERING. PROCUREMENT AND CONSTRUCTION PROJECTS —

CONTRACTOR

This questionnaire is aimed at the implementation of performance evaluation of
highway projects delivered through Engineering, Procurement and Construction
(EPC) projects in Kerala. We recognize that you are a professional with rich
expertise in the field of construction. We request you to help us by filling the
questionnaire. Please respond to each question honestly and accurately.

I assure you that your response will be kept confidential and it will be used

strictly for academic / research purposes.

For any queries/ suggestions regarding the research, please contact:
Vani Mohan V, P. G. Scholar, Dept, of Civil Engineering, TKM College of
Engineering, Kollam

E-mail: vanimohanv.1998@gmail.com

GENERAL INFORMATION:
1. Organization name:
2. Respondent designation:

3. Experience in construction industry:

Given below are some of the performance indicators as identified from literatures.
Kindly mark your rating against each indicator in the 5- point likert scale
according to the effect of the factor on the project performance. (5- Very high

score, 4- High score, 3- Moderate score, 2-Low score, 1- Very low score)

How do you rate the
importance of this
indicator on the project
performance?

How do you rate the
prevalence of this indicator
in the project?

SI. Performance
No. Indicator

1 | Contractor's satisfaction @ @ @ @ Very low/ Low/ Moderate/
for time, cost & quality @ High/ Very high

2 | Profitability of the @ @ @ @ Very low/ Low/ Moderate/
project @ High/ Very high

3 | Appropriateness of the @ @ @ @ Very low/ Low/ Moderate/
project size & location @ High/ Very high
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4 | Performance level of the Very low/ Low/ Moderate/
service provided @ @ @ @ @ High/ Very high

5 | Value for money for the Very low/ Low/ Moderate/
project @ @ @ @ @ High/ Very high

6 | Health, safety & Very low/ Low/ Moderate/
environmental impact of @ @ @ @ @ High/ Very high
the project

7 | Effectiveness in Very low/ Low/ Moderate/
communication and High/ Very high
coordination between @ @ @ @ @
the
stakeholders

8 | Appropriateness of the Very low/ Low/ Moderate/
contract criteria for the @ @ @ @ @ High/ Very high
project

9 | Efficiency of risk Very low/ Low/ Moderate/
management @ @ @ @ @ High/ Very high
(identification, analysis
& allocation)

10| Appropriateness in the Very low/ Low/ Moderate/
bquet and schedule @ @ @ @ @ High! Very high
estimates

11 | Favorability and Very low/ Low/ Moderate/
efficiency of the legal @ @ @ @ @ High/ Very high
framework

12 | Prior experience of Very low/ Low/ Moderate/
client & EPC contractor @ @ @ @ @ High/ Very high

13 | Reputable developer / Very low/ Low/ Moderate/
strong and good private @ @ @ @ @ High/ Very high
consortium

14 | Financial stability of the Very low/ Low/ Moderate/
EPC contractor @ @ @ @ @ High/ Very high

15 | Contractor's willingness Very low/ Low/ Moderate/
to active participation @ @ @ @ @ High/ Very high

16 | Contractor's overall Very low/ Low/ Moderate/
performance @ @ @ @ @ High/ Very high

Thank you for your precious time
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C.3. QUESTIONNAIRE FOR PERFORMANCE EVALUATION OF
ENGINEERING.PROCUREMENT AND CONSTRUCTION PROJECTS —

EMPLOYEE

This questionnaire is aimed at the implementation of performance evaluation of
highway projects delivered through Engineering, Procurement and Construction
(EPC) projects in Kerala. We recognize that you are a professional with rich
expertise in the field of construction. We request you to help us by filling the
questionnaire. Please respond to each question honestly and accurately.

I assure you that your response will be kept confidential and it will be used

strictly for academic / research purposes.

For any queries/ suggestions regarding the research, please contact:
Vani Mohan V, P. G. Scholar, Dept, of Civil Engineering, TKM College of
Engineering,Kollam

E-mail: vanimohanv.1998 @gmail.com

GENERAL INFORMATION:
1. Organization name:
2. Respondent designation:

3. Experience in construction industry:

Given below are some of the performance indicators identified from literature.
Kindly mark your rating against each indicator in the 5- point likert scale
according to the effect of the factor on the project performance. (5- Very high

score, 4- High score, 3- Moderate score, 2- Low score, 1- Very low score)

How do you rate the

SL. How do you rate the importance of this
No. | Performance Indicators | Prevalence of this indicator on the project
indicatorin the pr()ject? performance?

1 | Employee's satisfaction Very low/ Low/ Moderate.
for time, cost & quality @ @ @ @ @ High/ Very high

2 o . Very low/ Low/ Moderate/
s st (DD D DO e

3 | Appropriateness of the @ @ @ @ @ Very low/ Low/ Moderate/
project size & location High/ Very high
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4 | Value for money for the Very low/ Low/ Moderate/
OO sigh ey i

5 | Health, safety & Very low/ Low/ Moderate/
environmental impact of @ @ @ @ @ High/ Very high
the project

6 | Effectiveness in Very low/ Low/ Moderate/
communication and @ @ @ @ @ High/ Very high
coordination between the
stakeholders

7 | Appropriateness in the Very low/ Low/ Moderate/
budget and schedule @ @ @ @ @ High/ Very high
estimates

8 | Degree of site Very low/ Low/ Moderate/
management and @ @ @ @ @ High/ Very high
supervision

9 | Claim and dispute @ Very low/ Low/ Moderate/
management @ @ @ @ High/ Very high

10 | Degree of project team Very low/ Low/ Moderate/
work and partnerships @ @ @ @ @ High/ Very high

11 | Efficient TCQ & material Very low/ Low/ Moderate/
management @ @ @ @ @ High/ Very high

12 | Presence of skilled Very low/ Low/ Moderate/
working personnel @ @ @ @ @ High/ Very high

13 | Use of advanced planning Very low/ Low/ Moderate/
and scheduling techniques @ @ @ @ @ High/ Very high

14 | Capability for right Very low/ Low/ Moderate/
selection of project teams @ @ @ @ @ High/ Very high

15 | Sufficient availability of Very low/ Low/ Moderate/
good quality construction @ High/ Very high
materials, equipments and @ @ @ @
skilled labour

16 | Employee's willingness to @ @ @ @ @ Very low/ Low/ Moderate/
active participation

High/ Very high

17 | Employee's overall @ @ @ Very low/ Low/ Moderate/

performance @ @ High/ Very high

Thank you for your precious time
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C.4. QUESTIONNAIRE FOR PERFORMANCE EVALUATION OF
ENGINEERING, PROCUREMENT AND CONSTRUCTION PROJECTS —
SUPPLIER

This questionnaire is aimed at the implementation of performance evaluation of
highway projects delivered through Engineering, Procurement and Construction
(EPC) projects in Kerala. We recognize that you are a professional with rich expertise
in the field of construction. We request you to help us by filling the questionnaire.

Please respond to each question honestly and accurately.

I assure you that your response will be kept confidential and it will be used

strictly for academic / research purposes.

For any queries/ suggestions regarding the research, please contact:
Vani Mohan V, P. G. Scholar, Dept, of Civil Engineering, TKM College of
Engineering, Kollam

E-mail: vanimohanv.1998@gmail.com

GENERAL INFORMATION:

1. Organization name:
2. Respondent designation:

3. Experience in construction industry:

Given below are some of the performance indicators as identified from literature.
Kindly mark your rating against each indicator in the 5- point likert scale according to
the effect of the factor on the project performance. (5- Very high score, 4- High

score, 3- Moderate score, 2- Low score, 1- Very low score)

How do you rate the
importance of this
indicator on the project
performance?

How do you rate the
prevalence of this indicator
in the project?

SI. Performance
No. Indicator

1 | Supplier's satisfaction Very low/ Low/ Moderate/
for time, cost & quality @ @ @ @ @ High/ Very high

2 | Appropriateness of the @ @ @ @ @ Very low/ Low/ Moderate/
project size & location High/ Very high
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3 | Value for money for the Very low/ Low/ Moderate/
project @ @ @ @ @ High/ Very high

4 | Health, safety &
environmental impact @ @ @ @ @ Very low/ Low/ Moderate/
of the project High Very high

5 | Effectiveness in
communication and @ @ @ @ @ Very low/ Low/ Moderate/
coordination between High/ Very high
the stakeholders

6 | Transportation of Very low/ Low/ Moderate/
materials and @ @ @ @ @ High/ Very high
equipments on time

7 | Appropriateness of Very low/ Low/ Moderate/
supply contract criteria @ @ @ @ @ High/ Very high

8 | Efficient TCQ & Very low/ Low/ Moderate/
material management @ @ @ @ @ High/ Very high

9 | Favourability and Very low/ Low/ Moderate/
efficiency of the legal @ @ @ @ @ High/ Very high
framework

10 | Sufficient availability
of good quality Very low/ Low/ Moderate/
construction materials, @ @ @ @ @ High/ Very high
equipments and skilled

11 | Supplier's willingness Very low/ Low/ Moderate/
to active participation @ @ @ @ @ High/ Very high

12 | Supplier's overall Very low/ Low/ Moderate/
performance @ @ @ @ @ High/ Very high

Thank you for your precious time
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C.5. QUESTIONNAIRE FOR PERFORMANCE EVALUATION OF
ENGINEERING.PROCUREMENT AND CONSTRUCTION PROJECTS —

END USER

This questionnaire is aimed at the implementation of performance evaluation of
highway projects delivered through Engineering, Procurement and Construction
(EPC) projects in Kerala. We recognize that you are a professional with rich
expertise in your field of working. We request you to help us by filling the

questionnaire. Please respond to each question honestly and accurately.

I assure you that your response will be kept confidential and it will be used

strictly for academic / research purposes.

For any queries/ suggestions regarding the research, please contact:
Vani Mohan V, P. G. Scholar, Dept, of Civil Engineering, TKM College of
Engineering,Kollam

E-mail: vanimohanv.1998 @gmail.com

GENERAL INFORMATION:
1. Organization name:
2. Respondent designation:

3. Experience in construction industry:

Given below are some of the performance indicators as identified from literature.
Kindly mark your rating against each indicator in the 5- point likert scale
according to the effect of the factor on the project performance. (5- Very high

score, 4- High score, 3- Moderate score, 2- Low score, 1- Very low score)

How do you rate the
importance of this
indicator on the project
performance?

How do you rate the
prevalence of this indicator
in the project?

SI. Performance
No. Indicator

1 | User's satisfaction for Very low/ Low/ Moderate/
time, cost & quality @ @ @ @ @ High/ Very high
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2 | Performance level of Very low/ Low/ Moderate/
the service provided @ @ @ @ @ High/ Very high

3 | Value for money for Very low/ Low/ Moderate/
he projc OO G s v i

4 | Health, safety & Very low/ Low/ Moderate/
environmental impact @ @ @ @ @ , ,

Hi

ofthe project igh/ Very high

5 | Effectiveness in
communication and @ @ @ @ @ Very low/ Low/ Moderate/
coordination . .
between the High! Very high
stakeholders

6 | Effectiveness of Very low/ Low/ Moderate/
A olololole
maintenance and
management

7 | Favorability and Very low/ Low/ Moderate/
N O 16101010 A
framework

8 | Knowledge about the Very low/ Low/ Moderate/
rall 161010101

9 | User's willingness to Very low/ Low/ Moderate/
the infrastructure use @ @ @ @ @ High/ Very high

10 | Presence of

supporting &
understanding
community

OOOOE

Very low/ Low/ Moderate/
High/ Very high

Thank you for your precious time
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