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ABSTRACT

The recent growth in the aviation industry has led to the highest necessity for the de\
designing the airports. Statistics are available for a few airports, but there is no comprehensive
base of information on how airport terminal buildings operate or the conditions their user

experience.

The major aim of this research is to design a framework for analyzing the performance, cost and
flexibility in terminal design of airports; to do so the main studies has been done exploring
factors affecting the management and functionality of airport terminals considering the different
parameters and the effectiveness of the terminal and the key challenges in designing functional

aspects of an efficient airport terminal.

The contribution of this research work will help approach to develop an efficient framework to
overcome the problems occurring in airport terminals. The research paradigm will be positivism,
carried out scientifically in order to analyze the performance and flexibility of the airport

terminal.

SPSS software has been used for the descriptive and regression data analysis for interpretation;
the analysis presents an elaborate picture of the findings; other statistic tools are also used.
The conclusions are based on the analysis of data presented, suggestions are made for, and that
can be analyzed, in coherence with the research objectives further if any. Hence, posit certain

areas of research that can be further extended and broadened by other researchers in near future.
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CHAPTER 1
INTRODUCTION

1.1 Research Background

The airline sector has witnessed major changes from the date of commencement of many
commercial air travels. Airports are complex location consisted of interrelating structures of
people, luggage, freight and airplane flows. The impacts of deregulation, the introduction of low
cost carters and the effects of international economic, ecological and dogmatic impacts have all
contributed to determining the landscape of contemporary air-travel. The growth in passenger
travel has contributed to an expansion in the proportions of the terminal buildings necessitated to
deal with the yearly passenger loads. The true size of these services depends on the forecasts of
the number of travelers travelling nevertheless the given airfield every year. The measure of
suggested construction size is established partly in the Level of Service (LOS) measured metrics

(Harrison, 2015).

Passed on the predictable passenger intensification for the near future, the sector has
acknowledged that existing methods to terminate plans are not sustainable. The size of terminal
buildings could not endure to grow constantly. In number of metropolitan areas, the need of
accessing land for terminal extension is an off-putting factor. Besides the ever-increasing cost
pressures in the industry, there are some other causes of transformation in the airline industry,
which have the potential to considerably have an effect on the structure of terminal buildings in
the near future. One of the challenges is the convergence of industry principles, facilitating

technologies and a public which is set to welcome these new technologies and services.



Airports are the significant place for regional, national and international transportation system.
Important airport operations offers permission to air transport both for travelers and freight
services. Fast growth of aviation in the last two decades has set off a major expansion in the
quantity of airports. Airports could be inspected in two regions: airside and landside. The land
side region comprises main-terminal buildings, freight terminals and as well vehicle parking. In
this region, the major user is the passenger and every activity is carried out to address the
demands of the travelers. The airside area includes every facilities and constructions relating to

the aircraft (Akyuz, et al 2017).

Over the last few years, India has been changed as one of the most active and energetic nations
across the world. As India’s trade and inventive capital Mumbai have been at the advanced and
progressive of this change. The new terminal at CSIA proves all these things are true and the
new terminal building of CSIA is beyond one’s imagination and vision. CSIA is acknowledged
as one of most challenging and busiest airports in the country and the world as well. Regardless
of the challenges, it is one of the most important airfields in South Asia and operates around
18.6% of India traffic as a whole. CSIA was recognized as the 30th busiest airport across the
world during 2010with regards to cargo with 671,238 tons operated. At the end of 2011, Airports
Council International ranked this airport in the 3™ best in the world with the 25 to 40 million

traveler category (GVK, 2014).

CSIA, which was previously recognized as SAHAR International airport, has been given the
esteemed ‘Golden Peacock National Quality Award’ during 2014. The aviation industry
contributes to facilitate global business and tourism. It is of great assistance in connecting
population across the continents. The CSIA ranks top with regards to the total number of

passengers and size of cargo movement. It is certainly the second busiest airport followed by
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Delhi in concern with the passenger flow and the first with regards to cargo movement. The
airport has noticed a surge in traffic number as a result of the progression of a new top-notch
integrated terminal building (T-2) which comprises around 439,000 sg. m. CSIA will extend a
Sky City in next to no time in the environs of the airport for users and this will further multiply

the size of traffic at the CSIA (NCAIR, 2014).

The newly launched Terminal 2 building at the CSIA has been built by Indian based
conglomerate GVK Power & Infrastructure Ltd. gives a remarkable, technologically complex
and attractively spectacle offered ceiling in the interior of the terminal, with incorporated
columns, with a striking retail passageway featuring ceiling petals and skylights, made by
Formglas. The structure of ceiling materials integrates around 4000 coffers each one almost 100
square feet in size, and columns above 100 feet high. Form glass holded classy 3D and CAM
technology to fabricate molds along with glass fiber reinforced gypsum (GFRG) objects was

used to construct the modular ceiling and pillar components fixed on site (KBYTES, 2014).

The new terminal building at CSIA is the ideal representation of Mumbai’s accomplishments, its
determination, dream and its imagination. Inspiring structural design, careful planning, high-
techno modern technology and outstanding service standards all are being a sign of the city’s
aspiration, imagination and potential and are essential to the new terminal. It exhibits the delight
and promise of travel, the expectation of new breakthroughs and the happiness to be established
in the travel itself. The sophisticated and international quality of the new terminal is an
invocation of Mumbai, the city of innovations and imaginations. Professionals have built a place
that attaches with passengers at a sensitive and emotional level whilst resourcefully and

efficiently giving a seamless and pleasant journey (GVK, nod).



Airports are amongst the most important public construction types of the contemporary age.
Gateways to countries and metropolitans, airports contribute to shaping the international view of
their contiguous environment. Besides, they are major financial hubs and creators of wealth. As
facilitators of industries and tourism, airfields are source to financial growth and to connecting
people. The industry’s sophistication in construction technology functions and responsibility to
design quality has led to a portfolio that highlights various essential architectural activities of

contemporary times (SOM, 2013).

This research will be studying and analyzing the cost, flexibility and factors which will affect the
design of airport. To do so the study will set objectives and lay down research questions based on

the objectives present.

In the literature review; all studies related to the airport will be done following that in the
research methodology, plan will be made and further it will be followed thereafter on the set
rules. Survey will be done to record correspondent answer based on which data analysis will be
done relating to the objectives and research question. Last, results and conclusion will be

discussed.



1.2. Objectives

To determine the various types of air services taking place at the airport which will affect the

cost, flexibility and design of the airport infrastructure.

To determine the facilities at the airport and whether they are interconnected with each other

which will affect the cost, flexibility and design of the airport

To determine whether the airport infrastructure and its facilities requires renovation and

upgradation

To ascertain the financial viability of the airport.

1.3 Research Questions

1. What are the various types of air services taking place at the airport?
2. Facilities of the airport infrastructure according to their present condition?
3. Airport infrastructures and its facilities according to the need of renovation and

upgradation.

4. Co-relation between facilities of the airport and airport infrastructures and facilities

according to the need of renovation and upgradation.
5. Is the airport financially viable?

1.4 Significance of the Study

The current study increases the hypothetical information regarding passengers and their
experiences and satisfaction in an airport terminal construction. With a systematic approach, this

study intended to dispense with the challenges in airport terminal design by investigating the



diverse troubles and challenges exist in designing terminal buildings. The proposed study

method focused the addition of theoretical knowledge regarding terminal design, building and

passenger experience and perceptions obtained from investigations with professionals. It is

suggested that the determinations of this survey could be directly carried out towards the

procession of a tool to help out airport architects, technologists and designers optimize the

allowance of terminal marks from an insight of passenger experience. The current field will be

an asset to scholars and experts in terms of understanding about flexibility in airport design.

1.5 Cauterization Plan

Chapter 1 is the introduction chapter of the proposed work that provides the detailed
structure about this research concept “structural cost, performance and flexibility in
terminal design of airports” including the research background, aims and objectives of

the subject area, research queries, and significance of the work..

Chapter 2 is the review of literature chapter that explores several works related to the
concept of designing a framework for studying the structural cost, performance and
flexibility in terminal design of airports. In improver to these, this study examines in

particular near the importance of flexibility in airport terminal buildings.

Chapter 3 is the research methodology chapter that supplies an overview about research
design, research strategy, sampling design, sampling design, and population of the study,
data types, and data collection methods, design of questionnaire, data analysis and
rendering techniques that employed in this research. In improver to these, this chapter

discusses in particular about the limitations of the current work.



Chapter 4 is the data analysis where it breaks down and discusses structural cost,

performance and flexibility in terminal design of airports.

Chapter 5 is a discussion and findings, where the work investigates with the help of

statistical tools.

Chapter 6 is the last chapter that draws about the summary of findings obtained through
the discussion section and also provides a conclusion to the research topic “structural
cost, performance and flexibility in terminal design of airports and various challenges
faced by terminal building” followed by testimonials and recommendation based on the

outcomes of the inquiry.



Chapter 2

Literature Review

2.1 Introduction

The literature normally deals with gathering data or source of information upon chosen topic by
various authors and researchers through studies, journals, articles, bogs and so on. In this section
the topics under discussion would brief about the factors influencing the design of airport
terminal such as: Infrastructure and design - performance standards; planning and designing;
challenges in planning and designing; space requirements; LCA (Low Cost Airport) terminals
and facilities offered by airports in general; Mumbai International Airport; Performance

framework for terminal design; Flexibility in airport terminal design and Research Gap.
2.2 Infrastructure and Design of Airport Terminal

The infrastructure basically describes the “organized physical structure” along with the facilities
(for instance the roads, buildings, enterprises, etc) offered. The use of “infrastructure” was
originally found in the late 1880s in English and French. However the word itself is a
combination of two different words “Infra” from Latin meaning ‘below’ with “Structure”, which
eventually forms as basic structure (Prud’homme, 2004). This section of research would explore
in-depth about the infrastructure and the designing phases along with other factors as mentioned

above in airport terminals.



2.2.1 Performance standards

Basically the performance standards in constructions are the criteria that are to be followed under
planning and designing phase. Thus the parameters in constructions and the designing and
planning phase is normally stated as standards or measures; in aviation or in construction of
airport terminals the performance standards would revolve around operational costs, flexibility,
space requirements and other criteria that are to be strictly followed by the terminal plan. In
general airport terminal planning and designing the parameters are strictly followed and adhered
so that the project doesn’t gets rejected; if the designing gets rejected due to improper standards

and regulations, it has to be redesigned based upon the regulations.

The regulations should also adhere to the economic aspects like traffic: transportation
congestion; demand; etc. Ashford (1988) had studied about the European view on service design
concept’s level for airport passenger-terminals. In his study he found that transport congestion
has been rapidly increasing since the number of passenger cars in roadways and ships carrying
goods and services via waterways; to reduce this congestion in the transportation airways
initiated more terminals and passenger aircrafts which would eventually reduce the
transportation issues, partially if not fully. The author also analyzed that highway planning and
airport terminal designing in civil engineering should collide as one when constructing an airport
terminal since it would deal with pedestrian space, aircraft launch space and other factors like
transporting passengers from airport to aircraft, etc. Hence concentrating on standards like time
(queuing, delivery, baggage, etc), cost (baggage, operational, etc), space (waiting area,
transportation, parking facility, etc), etc would increase the performance and in-turn the

performance standards would heightened, in individual airport terminals.



In another study Humphrey et al, (2002) studied about the performance management in the
airport terminals and found out that the: the modern airport performance measures are rapidly
evolving along with the demand and market requirement. The evolving performance measures
would adhere to dynamic regulatory, environment aspects, technical innovation, growth,
demand, ownership and other variable that influence the airport terminal frameworks. According
o0 the authors, contingency airport terminals would be effective under any circumstances rather
than innovative and traditional airports which would focus on creativity and load delivery,

respectively.

Wirasinghe and Correia (2005) studied about the LOS (Level of Services) in passenger airport
terminal and they found that the critical need in aviation is to analyze the LOS characteristics
prior designing or planning a terminal; based on LOS the operational cost and space requirement
as factors would either increase or decrease and this in-turn would affect the entire plan. As
Vreedenburgh (1999) mentioned in his article that, in-order to run a smooth operation airports
must follow certain regulations and standards; the necessity of regulations would: 1) ensure
operational efficiency as per State’s standards, i1) impact the financial and safety performance,
iii) eradicate conflicts between stake holders, 1V) ensure documentation and agreements via
written statements, certifications etc. Thus the regulations moderate the performance standards

and in turn the efficacy.

Poh (2007) in his report stated that general performance standards could be classified as a)
processing speed (check-in process, custom/ immigration clearance, baggage security and
delivery, screening, etc); b) functionality standards (minimum connecting-time); c) availability
(core Operating system such as: escalators, trolleys, monitors, etc). In his report he also stated

that the airports vary from each other in offering services and quality however the norms and

10



regulations carried under each individual airport terminal should cross over the basic necessities
and should facilitate the passengers demand. Thus the performance standards such as cost, time,
space, facilities, etc along with regulatory acts have been carefully monitored and designed by

civil engineers prior planning the construction of airport terminals internationally and globally.

2.2.2 Planning and Designing

The planning and designing of the airport terminal could also be mentioned simply as airport
construction. Similar to other buildings the airport terminals also has basic necessities as top

priorities such as: working area, waiting area, restrooms, cafeteria, pedestrian blocks etc.

According to ASM (2005), the planning and designing of airport terminal should focus on
aspects like: ticketing, queuing, kiosks, hold room area, food and beverage and retail locations
apart from cost and performance since it is the main scope of the passenger airport terminal
planning. Basically the airport designing consists of several areas, such as aircraft area,
pedestrian area, waiting area, working area, etc. However every area is designed and planned as

per the norms and regulations according to the adhered regulations.

Wahab and Dulaimi (2011) studied about the impact and relationship of stakeholder management
with airport construction. In their study the authors have analyzed the significance of the airport
terminal construction through design and planning. According to the authors, the designing phase
should be the most important factor in planning the airport terminal construction since it projects
the diagrammatic representation (blue-print or layout) of the original building. Assumptions and
anticipations towards the cost, transportation traffic, passenger facilities, service qualities and
time delays could be planned once the design has been completed. In the planning and designing
phase identifying the critical areas where necessary alterations could be made and back-up plans

11



could be drafted. Hence, the study argues that civil engineers while planning the construction
should carefully measure the parameters and consider the factors that could affect the

construction.

According to the CAAC (2014) report, an airport terminal construction plan and design should
be approved and verified as per the technical standards and regulations and it also comply with
the State laws. If the design and plan doesn’t comply with the general standards it might be
rejected, hence focusing on aviation parameters is necessary for the civil engineers while drafting
the layout for airport terminals. The report also insists that safety regulations, licensing, fuel
supplies, operations and other factors that impact the airport terminal setup should be considered
while designing the plan, so that the project could be estimated with low-budget rather than high
budget. The low-cost terminals could be constructed with better plans and management which
could guide the civil engineers to invest in the facilities and innovations that could compete with
other airports internationally and also globally. Thus the report mainly focused on factors that
assist the designing and planning phase of the airport terminals and upon expansion of the

existing airports rather than projecting plans and designs for hybrid airport terminals.

Fife and McNerney (n.d.) studied about planning, construction and design of airport by studying
the factors that affects the construction itself. In his study the author identified that modern
aviation insists on designing the airport terminals with innovation and trends rather than focusing
on services and facilities like traditional airport terminals. The author also found that factors like:
delay and capacity; new aircrafts; environmental concerns and technology have been impacting
the planning and designing phase of the airports in the current era. However the author just
attempted to analyze the factors that affect the designing and planning instead of providing clear

solutions for the issues that exist in developing a plan or deign in airport terminal.
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Harrison (2015) studied about the principles in designing the airport terminals and she found out
that passenger feedback or passenger input is very essential in developing a plan or design for
airport terminals. According to the author, when demand meets supply, performance and profit
would increase and the passengers would be comfortable and satisfied. She analyzed the
significance of planning and designing the airport terminals and argued in her study that,
terminal designs projects no sustainability and hence researching about the land-space and
environmental aspects prior planning and matching up with demands with designs could
decrease the operational cost which offers low-budget or low-cost projects. According to her
findings, large infrastructure based designs and plans would incur high cost but would fail to
generate high revenue. As per her study, the key issue behind failure of generating revenue in
large airport terminals in aviation industry would be due to high investment and hence designing

as per demand or passengers capacity would be the efficient cost management.

In ACRP (2010) guidebook, the authors Brown et al has stated that the design and planning of
airport terminal might seem like a crucial part of the construction however it is the most essential
and necessary phase where the clear picture of what and how is projected, overall to make the
LOS and security and safety measures into a efficient possibility via better foundations. As per
the report, the design process should consider: project type, services types, approach, objectives
and goal of the project, demand forecasts, conceptual planning, facilities programming,
designing, value engineering, construction process and certification and final approval
(Neufville, 1994). Though the term ‘design’ or ‘plan’ seems simpler it is quite complex in
deciding upon the foundations by overcoming all the factors and planning should be carried on;

planning process, on contrary should focus on factors like:
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1) Master plan (forecasts of airport demand, airfield configuration, consideration of use of lands,

etc);

2) Land use compatibility (regional, community and other land use);

3) Ground access of transportation plans (regional airport system, regional transportation, ground

access system of airport, intermodal connections);

4) Planning the terminal site (considerations of: airfield, landside, utilities);

5) Airport security;

6) ITC (Information Technology and Communications);

7) Environmental protections (NEP Act; NEPA: Passenger terminal planning and Environmental
considerations; apart from NEPA: Terminal planning and environmental regulatory

considerations, Relationship of NEPA and environmental sustainability);

8) Sustainability (LEED certifications, designing and planning process sustainability, terminal

designing and planning’s major sustainability elements); and

9) Business planning (business considerations, concession planning and funding options).

Thus the planning and designing process focuses on many attributes and factors rather than the
structure alone. In another study by Horonjeff (2010), the design and planning of airport
terminals should consider proper geometrical measurements for constructions and adhere to the
regulations. According to the authors, air-transportation has reduced congestion in roadways and
waterways hence increasing the passenger airport terminals or expanding the existing terminals

as per the demand would effectively impact the transportation and services. Hence the authors
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insisted that planning and designing the structures as per the land use will either result in higher
cost or would end-up in limited space which wouldn’t meet up with the demand and hence the

decrease in revenue or congestion in transportation.

2.2.3 Challenges faced by airport terminals while designing and planning

Choudhuri, Dixit and Tiwari (2015) emphasize and discuss the major topics and challenges
confronted by the Indian air power. The Indian air travel industry is one among the top ten world
aviation industry. Indian airline industry manages 121 million domestic and 41 million
international passengers. Additionally, India en route with more than 85 International airlines
and unites over 40 countries through 5 domestic Indian carriers. The domination of public sector
vanished with the entry of private investment in the airline industry. However, the industry
growth limited through lacking infrastructure, excise and duty structure, unions formed by public
oil companies, poor guideline, management problems and lack of idea by the government. The
major confronts encountered by the Indian Aviation Industry are huge burden of debt, high
charges at airport, higher maintenance cost, policy paralysis, Less customer base, poor
regulation, stumpy airport status, Rupee depreciation and so on. Similarly the airport passenger
terminals observes the existence of many challenges like gates and check-in facilities, terminal

design, baggage handling, long passenger walking, limited federal funds, narrow passage paths.

Shareef (2016) addresses the common issues and problems faced at the operations of airport
passenger terminal. The passenger check-in issues incorporate the ease of use check-in counters
and congestion over there result in self-check by the passengers. Lack of regularity, late arrival
and space are the source of baggage handling confronts. The other constraints are issues with

gate allocation, use of remote stands for aircraft parking, diverse size of aircrafts, last in first out
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situation, and finally the security threats such as hijacking, criminal and terrorist attacks and
bomb threats are the other issues that affect the air passengers. The brunt of these challenges
impinges on the passenger flight operations by means of convenience, security and travel time.
Many suggestions and recommendations have been addressed to provide a remedy for these
confronts. To get an efficient solution, further research needs to be scrutinized with dire

enhancement measures.

Alodhaibia et al (2017) elucidate the challenges met by the passengers within the airport terminal
and the actions that take place amid boarding and curb side. The passenger flow and the related
actions are raised with the simulation framework developed using Discrete Event Simulation
(DES). The DES is put up with the help of Extends V9.2 simulator software which takes the
input as flight schedule. This model evaluates the efficiency of operational process which
incorporates immigration and custom boarding, security and check-ins. To recognize and
investigate the passenger flow, the proposed model is used considering the departure of the
flight. Thus the efficiency of the airport operation is predicted and assessed. It is made evident
from the study that flight schedule influence the effect of passenger flow mainly. The proposed
simulation model framework predicts the different flight schedule ahead of time and affords

feedback to enhance the model before implementation.

Enciso, Vargas and Martinez (2016) analyze the passenger flow at national airport and present a
pedestrian model to control the passenger traffic. Modeling and simulation are the research
method used for the development of the project. The proposed method is generalized and
developed in such way that it can open up the possibility of engaging this technique for
pedestrian traffic with other buildings. It works efficiently on existing ventures and further

proposes amendment for proficient storage and betterment of passenger flow. Further due to the
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rise in demand increases the time for boarding and landing. It is noted that the satisfaction of the
passenger with respect to operational and cost efficacy is hard to manage with the emergent
demand. The implementation of the simulation model improves the performance of air flow

passengers’ path thus avoid congestion.

Wing, Cloutier and Felder (2015) focus on some of the restrictions related with the application of
modeling loom to the vibrant system within the slope area of the metropolitan airport. Ramp is
the energetic area which slows down the operations of aviation which further cause delay and
cancellation of flights with the notice of operating condition and weather variation. A set of
confronts with any variation are encountered while modeling the ramp. The model is designed
and developed in such way that it should be easily accessible tool for planners and operators of
the aviation industries. The ideology mainly focuses on the adaptability and use of ramp without
the help system thinker. Thus Airlines would be able to administer healthier floor cost with the
utilized optimization of crew and equipments which would beneficial for the complete aviation

industry.

Roosens focus on confronts of congestion related delays at airport and pays attention to optimize
the short run operational methods. The congestion delays can be enhanced by increasing the
capacity of long run infrastructure and optimizing the short run to use the existing airport
capacity. The runway capacity can be increased with minimizing the runway occupancy capacity
(ROT) focusing the traffic. The adverse weather conditions can be evaluated and managed using
landing system and micro bust detection equipments. Further the developed system of satellite
navigation will allow airplanes to fly through more straight and resourceful routes. Milbredt et al
(2017) proposed interior design concept through the new terminal for the passengers with the

help of passenger centric airport management. The model implements the design ideas of
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artificial terminal build up in an international airport. It uses the microscopic simulation to

display the information which is easier for the travellers to make it out the direction.

Alnasseri, Osborne and Steel (2013) sheds light on confronts and intricacies in making and
observing construction project in related to the airport area. To achieve the organizational
success different strategies are involved which influence the project management and human
related competencies. A theoretical framework for airport operational process is developed and
implemented to cope with the building context and improves the financial operations by

controlling & managing the construction projects.

Leva, Sordo and Mattei (2014) present a revolutionized initiative run from the small regional
airport to manage the challenges in the current competitive environment of air travel. The
initiative moves ahead to provide a taxonomic framework for managing performance with a
particular focus on day-to-day operations. Finally a tool was directed to support the integrated
SMS establishment within the regional airports and manages the changes for safer operations of
airlines. Singh (2016) show the current scenario in Indian aviation sector with relation to the
growth and customer satisfaction. The paper further discusses the comprehensive
transformations that drastically change the face of aviation industry. It also probes the
construction of Indian aviation industry and the entrepreneurial challenges. Eventually the new
regulatory problems are detailed with liberalization and the steps necessitated by the

entrepreneurs to overcome them.
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2.2.4 Space requirements

The space requirement in airport terminal differs as per the airport terminal’s land use along with
the plan and design of the airport terminal structure. Space requirements could be of various
areas as mentioned earlier, for instance the required space for waiting area should be designed as
per the demand or the capacity of the passengers. Likewise the space requirements for areas such
as airside, landside and ground access in airport vary too. Hsu and Chao, (2005) studied on
spatial requirements and analyzed that deciding the space as per the capacity and land use is a
priority before allocating the spaces for respective areas. For instance the assumption of
allocating space relies upon the mathematical calculations (formulas) of square meters with
required essential facilities nearby. Similarly for instance in their study they have stated that to
calculate the departure area based space requirement and finding the passengers that will be
utilizing the airport terminal and facilities we can consider the average walking distance of
departing passengers along with the baggage claims and customs and security area. According to
the authors the construction focuses on pricing, performance and productivity in public facilities
however the LOS, space allocation and concession revenue in commercial activities have not
been explored in depth, hence they attempted to explore the factors and revealed that space
requirements in airport terminals is quite essential than other factors that impact the service

quality and performance.

According to Pavlyuk (2012), the competition between the existing passenger airport terminals
are based upon the spatial requirements since the passengers’ expectations rely upon the facilities

rather than the airlines or the operational activities. Hence concentrating on developing or
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expanding terminals with large space has become a necessity in airport terminal designing. As
per the author in the past three decades the growth of an airport terminal towards passenger
demands and developing or expanding the existing space with more facilities have been
witnessed at large. However the space allocation could be classified as rental and non-rental
areas where the majority of 55% would be for non-rental and the rest 45% for rental area. The
author also studied about the user impact on space requirement and stated that passenger terminal
hugely gets impacted by LOS as per the demand of user, community and promoter (The SCI,
2009; Losekoot, 2015). Hence as per the study, by forecasting the users, community and
promoters input, the space should be allocated. Thus each area is allocated as per the

requirements and would vary from each airport terminal to another.

2.2.5 Low cost airport terminals

The low cost carrier terminals (LCCT) have been rapidly growing in the last two decades.
Hanaoka et al., (2009) in their study have argued that passenger satisfaction will be attained only
when their demands and needs are met. The study also analyzed about the LCCT and its impact
upon the customers/ passengers. As per the findings, the LCCT has been impacting the aviation
industry in the past years however the effect of LCCT is still unclear. The key concept of LCCT
is low budgeted airport terminal that offers passengers with limited services and facilities.
However the services rendered and pricing in LCCT significantly impacts the customers directly.
The authors unveiled through their findings that, limited facilities in Kuala Lumpur airport such
as: children play-area, shopping choices, pricing in retail-outlets, rest areas, terminal comfort,
cleanliness, ambience, etc. have hugely impacted the passengers in negative aspect. However the

key factors queuing time, baggage delivery, security and safety measures, ticketing time delay
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have been stated as satisfactory. Hence it can be presumed that, LCCT offers limited facilities

and tries to render better services at the same time.

However researchers like Humphreys et al (2006) and Mandic et al., (2017) studied about the
low cost airlines and their impact on performance and found that LCC have increased in number
and due to this criteria, the necessity of more LCT have been initiated hence designing an
efficient and effective LCT airports globally was made as a priority in the aviation industry. The
studies also portrayed that from early 2000s till 2015 the increase in LCT have been estimated as
32% and this have hugely impacted the air transportation. Thus the necessity of more LCT have
positively impacted the aviation proving that LCC have rendered quality based LOS and satisfied

the passengers (transit and tourists).
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2.3 Mumbai International Airport

Initially the Mumbai International airport (Chhatrapati Shivaji Maharaj International
Airport (IATA: BOM, ICAO: VABB) was known as Sahara International Airport. This is the
second busiest terminal in India (after Delhi) and Asia’s 14" busiest airport globally would be
the Mumbai international airport (MIA). The travelers traffic has crossed 45 million in the last
(2016-17) year. Initially the airport was constructed and opened in 1942 and recently the GVK
Industries remodeled the Mumbai airport Terminal 2 and opened it for access in 2014 (Mishra,
2014). 8years of mega construction has led the builders to offer the innovative and interactive
airport terminal for the passengers which offer many facilities and services that made the
international airports to turn their heads towards Mumbai international airport at its first

operations.

Mumbai airport has the 2" largest ATC (Air Traffic Control) tower which stands at 279ft (85m)
long after Delhi (101.9m). The Mumbai International Airport Limited (MIAL) operates the
Mumbai airport which is originally a joint venture of GVK Industries and AAIl (Airports
Authority of India). The infrastructure of the MIA has been recognized globally for its structure
and artifacts. The MIA has 2 passenger terminals and intersecting runways respectively. The
terminal and runways has been recently upgraded and the traffic has been reduced and monitored

regularly by the ATC tower.

However the overall cost was estimate around 1.5billion US$ (98billion INR) and the ATC was
alone 2.80billion (Wikipedia, 2018). Thus the larger the scale of construction is, the huger the
expenditure would be. The terminal 2 in MIA is designed as “X” shaped of 450sq meters and

includes taxiways, aprons, etc. and monitors both domestic and international passenger aircrafts.
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2.4 Performance Framework for Terminal Design
Focus upon the passengers, airport operators, airlines and other factors that assist in increasing

the performance in airports discussed by various researchers would be focused here.

George (2013) in his study focused upon performance analysis on Cochin International Airport
Ltd and found out that the performance of the airport terminal has increased due to few factors
such as check-in facility, amenities, airport’s accessibility and terminal facilities. Through his
data analysis and findings the author has also established a firm belief that the passengers in
airport terminals tend to pull towards the facilities and services rather than the airlines itself. For
instance the study revealed that the travelers are quite satisfied and comfortable; the facilities
being provided and services and hence only 1% were recommending for betterment. Through the
analysis the author also stated that for better performance an airport terminal should primarily
focus on amenities and facilities in the designing and planning phase rather than investing huge

amount in interior decorations to attract people.

Lee et al., (2000) in their study has found that the revenue via air transportation has increased
from 1990s when compared with 1980s. The key reason as per findings would be the
determination of cost, reducing time delays, safety regulations and maximizing the facilities and
services offered towards the passengers. The authors finally studied about the impact of factors
that could assist the performance in airport terminals and concluded that meeting the passengers’
demands, offering better services and facilities, airlines, airport operators, compensation and
concession and timely delivery of services were the most witnessed factors. Hence when
planning or designing the airport terminal structure, the civil engineers should focus on both
internal and external factors and design the structure as per the need by satisfying the regulations

and norms.
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2.5 Flexibility in Airport Terminal Design

Current necessity in the airport terminal towards flexible design such as hybrid airport terminal
joints along with increased facilities and services which have been recently gaining attraction

and recognition would be discussed here.

According to Shuchi (2016), the new designs and the plans in airport terminal have been
attracting passenger’s attention in the past years via trendy facilities and quick or fast services.
Traditional airport terminals were designed to allocate people and render operational services
alone. Extension or expanding the traditional airport terminals would incur huge cost. Hence
designing a new and innovative designs and plans for modern airport terminals seems like a
comfortable and cost effective measure. In her study the author studied about the concept of

flexible design which can be both modular design and low cost.

Neufville (2007) studied about the low-cost airlines and its flexible design towards risk
management. As per his views and findings, the flexibility in deign effectively reduces the cost/
investment: operational cost and in-turn would offer financial support in future for betterment of
airport terminals and also during uncertainties or calamities. The airport terminals constructed
under flexibility-based designs would support in many ways: technical support, financial
support, services and facilities, etc; hence while designing the terminals by properly and
accurately measuring the areas (transportation, hold room, beverages and foods, baggage,
pedestrians, parking, etc) as per norms and allocating for extension would also support the
airport terminals in many ways for many years. For instance, with flexible design, dividing the
passenger’s waiting area with glass partition would effectively reduce the cost, time, space and

delay in facilities or services rendered.
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2.6 Research Gap

The existing journals and articles upon the airport terminal infrastructure along with designing
and planning had been done by researchers and analyzers in the past years. However the existing
link and relationship between the factors influencing the design of airport terminal has been
studied by limited researchers and that too as an individual factor, such as, studies on
performance, measures challenges in designing and planning, space requirements, etc. Hence to
bridge the missing links between existing researches, the current research would focus and
analyze all the factors such as financial viability, infrastructure renovation and upgradation, air
services relationship with the airport infrastructure and how it will affect and its role in airport
infrastructure flexibility, cost and its design that influence the airport designing and planning in

depth, especially the Mumbai airport terminal’s planning and designing.

However the challenges and issues that hidden within has been partially ignored by the
researchers in order to focus upon specific factors. Mostly the factors like: space requirements
and airport terminal planning and designing has been studied at large. Hence the current research
would analyze the ignored factors mention above which will also unveil the significance of
designing airports under proper and legal measures against the improper designing and planning
which results in effective performance and how the infrastructure of airport terminals impact

passengers.

Among all the discussed factors, the cost in developing airport terminals has been considered as
a challenge in the developing countries; contrarily, the developed countries has overcome such
challenges and developed airport terminals with better performance and facilities than the

airports in under-developed or developing countries. The new hybrid designs (including both
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modern and traditional) in the current era have been effective when compared to either
traditional or modern airport terminals. The economic and social aspects have also been
impacted by the airport terminal designs and planning measures; thus each individual factors
such as financial viability, infrastructure renovation and upgradation, air services relationship
with the airport infrastructure and how it will affect and its role in airport infrastructure
flexibility, cost and its design have been analyzed and studied in this research. But all together
the factors mention haven’t been researched and analyzed, hence the chosen topic, especially the
Mumbai international airport and its infrastructure, would solve the issue and bridge the existing

research gap.
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Chapter-3

Research Methodology
In this research various methods, assumptions methodologies which are added in set of pre-
determined beliefs to analyze the various facts in order to collect and analyze the various data
and facts which is relayed to the structural cost, performance, and flexibility in the terminal

design of airports.

In the subsequent chapter various research methods were used. For effective conduction of the
research study research design, research approach, sampling design, sampling plans, techniques

were used so that evaluation of the result could be done effectively.

Research Paradigm *Poxgitivism

*Qualitative
Research approach *Deductive
Research Design *Descriptive
Sampling design +Simple random sampling

sSampling Unit: 150 airport staffs and workers of
different airport terminal

*Target Population: Employees of aircraft service sector
*Sample Size: 150.

Sampling Plan

Data Collection *Data: Surveys (Closed ended Questionnairees)

3 +Statistical analysis (Chi- Square and Simple
Laita sl Percentage, SPSS)

BT vty vy
Theamitic Analysis *Thematic analysis of answered statement
Ethical Consideration *Discretion, cover-up and anonymity of the respondents

Figure 3.1: Methodology adopted

27



3.1 Research Paradigm

3.1.1. Positivism and Interpretivism research paradigm

Research paradigm is referred to as the set of beliefs and assumption of the researcher
which is used by the researcher to take decisions regarding the conduct of the research process.
The use of research paradigm helps in carrying out the research study by adopting a well-defined

strategy which could channelize the various aspects of research approaches in a proper manner.

There are two types of research paradigms positivism and interpretivism.

The positivism paradigm involves the application of prevailing theory to develop
hypotheses that are required to be tested at the time of conduction of the research process.
Positivism paradigm is independent in nature is ideal for carrying out research studies that are
quantitative in nature. The qualitative research paradigm of data collection is found to be
objective and deductive in process. The process applied to collect data is through by conducting
investigations, experiments, surveys, observations, testing, observation, and structured content

analysis.

Interpretivism is referred to as the integration of human interests into the research study.
It is the interpretation of reality which is based on the philosophical position of idealism and
social constructions. It is based on the naturalistic approach of data collection which could be

done by conducting interviews and observations and content analysis.
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3.1.2. Selected research paradigm

In the current study, the researcher had used positivism research paradigm. The research
will be carried out scientifically in order to analyze the cost, performance, and flexibility of the

airport terminal.

The positivist approach is best suited for the current study as it is qualitative in nature so
that by using this approach the research mainly focuses o infrastructure, construction and super
structure, material used, runway capacity and all the numerical facts which are relayed to the
structure engineering of the Mumbai International Airport. The use of positivism approach will
help to explore the arithmetical and numerical aspects of the data in a refined manner. The
ontology of the positivistic paradigm is real, external and independent in nature which is based

upon the existence of a lone truth or reality.

The epistemological assumption of positivistic approach is based on the fact that reality
could be measured and the emphasis is laid on a collection of data using reliable and valid tools
like statistics and other numerical formulae. The methodological assumption is related to the use
of experimental research and survey research methods which could be effectively used to collect

the facts and figures related to the cost, performance, and flexibility of the airport terminal.
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strategies could be
Epistemology measured through the
pre- defined research
N instruments

Research Paradigm

The obtained data is
Methodology analysed through
quantitative strategies

3.2 Selected research paradigm

3.2 RESEARCH APPROACH

3.2.1. Inductive and deductive research approach

The research approach is referred to as the style or technique that is used by the

researcher to carry out the research study in a proper manner.

Research approaches can be broadly classified into two research approaches gquantitative
and qualitative. Deductive and inductive are two research approaches that widely used by

researchers to carry out the research process in an effective manner.

Deductive method is used to test the authenticity of the assumptions or hypotheses used
in the study. This method is used to estimate the propositions or examine the hypotheses that are

based upon the prevailing theory. It is found to be quantitative in nature.
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The inductive research approach is referred to as the creation of new theories and
generalizations. This method is used to explore the differential themes and patterns that are
present in the study and create a conceptual framework for an effective research study. It is

found to be qualitative in nature.

3.2.2. Selected research approach

In the current research study related to the analyzing the structural cost, performance, and
flexibility in the terminal design of airports the researcher had been using a qualitative research
approach. This helped to identify the need and prospects of different airport terminal design in an
effective manner. The deductive approach enabled the researcher to carry out the research in a
qualitative way by carrying out arithmetical calculations and presenting the data in a numerical

form.

This involves the determination of pre-defined theories that are used for the formulation
of hypothesis and collecting evidence and proofs. It also enables to carry out the accurate
examination of the proposed hypothesis in a proper manner such that the rejection or acceptance
of the hypothesis could be done in a logical manner. It will enable the researcher to accept and

reject the hypotheses and establish conclusions and outcomes from the study in a proper manner.
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3.3 RESEARCH DESIGN

3.3.1. Descriptive, explanatory and exploratory research design

The research design is regarded as the blueprint of the research by which the researcher
selects and chooses the various research tools and techniques to effectively collect the data and
validate it to the findings in a controlled manner. The research design provides a detailed
description of the collected data in such a way that it is easily traceable and readable by the
reader. It assembles and allocates the different data in a rational manner so that the conduction of
the research could be done in a well —defined way. It helps in the provision of outcome in the
most accurate and précised manner. It acts as an outline or framework that is used for collecting,
evaluating and analyzing the facts and figures. The researcher can use different kinds of research
designs to carry out the research study. They are Exploratory Research design, Descriptive

Research design, explanatory research design, and Evaluation Research design.

The qualitative research design is also used by the researchers to find out about the
understanding and implication of the research studies that are complex in nature. It is evaluated
on the basis of the knowledge of the people, their nature and case studies. It is present in the
descriptive and exploratory form. It lays stress on recognition and gathering of facts and figures
and lays less impact on predicting the concluding outcomes. The information is collected using

this method by making illustrations, and related approaches.

A quantitative research design is used to analyze and establish a correlation between the
various variables that could be presented in a numerical manner with the aid of statistics. It is
further categorized into four research designs that are Descriptive design research, correlation

design research, experimental design research, and quasi-experimental design research.
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The descriptive research design is referred to the research process through which data is
collected and presented in a more restrained way. In this research design, the researcher has no
control over the variables. The descriptive design does not include any involvement of

hypotheses and examines the established data in a restrained way.

3.3.2. Selected research design

In the current research study related to the analyzing the structural cost, performance, and
flexibility in the terminal design of airport, this research has been done using descriptive research
design. The usage of descriptive research helped in forming a detailed plan which is related to
airport infrastructure of Mumbai that helped to analyze the background of the airport by
including characteristics, challenges in the airport terminals. It also enabled to portray the
different features related to the cost, performance, and flexibility in a confined manner. The
practices that were conducted to carry the research examinations were depicted effectively by the
use of descriptive research design. It is best suited for the current study process as it does not
include the examination of the hypotheses and reaches to the conclusion by establishing relations

with the predefined theoretical concepts.

By descriptive research designs it helps to frame the hypotheses which show the effective
relationship between cost performance and flexibility in the design in terminal in airports. It also
helped to explore the various factor that influencing the structure and design of the airport

terminals.
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3.4 DATA COLLECTION

3.4.1. Data collection

Data collection is referred to as the establishment of an organized framework by the use
of which the researcher could collect data from a variety of sources in an effectual manner. By
the application of proper data collection method all the relevant data could be collected in a
precised form such that all the inquiries related to the research could be solved in the best
manner. It aids in making effective evaluations of the results and endures capabilities which

could lead to the achievement of future probabilities and patterns.

In this research it has been used different means to collect the data in a concise manner

like surveys and interviews.

The survey is regarded as the most popular technique that is used for the collection of
information from relevant sources. The use of personal interviews and close-ended survey which
has a predestined answer set has provided the valid facts related to this study. Qualitative data
collection of data is the data which indicates about the physical nature of the study like its

quality, volume etc. It does not involve any numerical presentation of information.

3.4.2. Selected data collection method

In this research the data collected is accurate information related to the study from
different sources in a proper manner. This research has prepared a questionnaire which is close-
ended and qualitative in nature. The questionnaires were distributed among participants so that
their responses could be recorded properly. The questionnaire was distributed among 150
respondents (airport staffs and workers) of the different airport terminal to collect the evidence.
Close-ended questionnaires were used which will enable the participants to express their views
precisely in a single attempt.
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3.5 SAMPLE AND POPULATION

3.5.1. Sampling methods

Sampling is a method in which a single unit is determined from the given population
randomly. In other words, this is used in statistical analysis in which a pre-determined number of
observations are taken from a larger population. Three types of sampling designs have been
identified which are used by researchers to carry out the research study in an effective manner
which is samplings designs are simple random sampling, stratified sampling, and cluster

sampling.

The sampling technique is further categorized into two parts. They are probability
designs and non-probability designs consequently. In the probable sampling method, each and
every individual that has been selected from the population is regarded to be in the form of non —
zero form. It can be further classified into three sampling sub-heads that are random sampling,
systematic sampling, and stratified sampling. The examination of error could be done adequately

with the help of probability sampling method.

3.5.2. Selected sampling method

In the current study related to the analyzing the cost, performance, and flexibility in the
terminal design of airport, in the research it has been used simple random sampling method. The
simple random method is one of the probability sampling techniques that are used to collect data.
It is regarded as the procedure which is utilized for choosing the respondents from the naturally
occurring group of people where each and every respondent gets an equal opportunity to get

selected for the study process.
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3.5.3. Sampling unit and population

The survey will be conducted with among 150 respondents (airport staffs and workers) to
collect the evidence.

Gender
From the table we conclude that out of 150 respondent, 79.3% are male and 20.7% are female. It

is also represent in pie chart.

Gender
Valid Cumulative
Frequency |Percent |Percent Percent
Valid Male 119 79.3 79.3 79.3
Female 31 20.7 20.7 100.0

Table 1:- represent the frequency table for Gender.
Education Qualification
From the table we conclude that out of 150 respondents, 17.3% have diploma, 72.0% have

bachelors, 10.7% have master degree as education qualification. It is also represent in pie chart.

Frequenc
y Percent |Valid Percent | Cumulative Percent
Valid Diploma |26 17.3 17.3 17.3
Bachelors | 108 72.0 72.0 89.3
Masters 16 10.7 10.7 100.0

Table 2:- represent the frequency table for education qualification.
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Designation

From the table we conclude that out of 150 respondents, 62.7% are Avionics technicians, 19.3%

are flight dispatcher. It is also represent in pie chart.

Designation
Valid Cumulativ
Frequency | Percent Percent e Percent
Valid Pilot 21 14.0 14.0 14.0
Avionics
94 62.7 62.7 76.7
Technicians
Flight Dispatcher 29 19.3 19.3 96.0
Airline Station
2 1.3 1.3 97.3
Manager
Operation Manager |4 2.7 2.7 100.0
Total 150 100.0 100.0

Table 3:- represent the frequency table for designation
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3.6 DATA ANALYSIS

Statistical analysis is very much essential for the test of hypothesis too in an empirical
deductive research approach. In order to carry out the research process in an adequate manner,
the examination of the various facts is necessary to be done. For this, the data analysis procedure

is carried which will allow the qualitative analysis of the collected data in a uniform manner.

To conduct the qualitative analysis of data this research uses various kinds of tools and
techniques. It is found that different kinds of evaluation process and procedures are followed to

carry out the assessment and information analysis procedures.

For carrying out qualitative researches, this research effectively used the process of
interviews and focus different designated respondents as mention in the last section of previous
chapter. It is conducted by involving the analysis of the common patterns of the responses that
are given by the respondents. It helps in examining all the facts that are stated in accordance with

aims and objectives set for the research study process.

3.6.1. Statistical tools used /chosen parameters

In the current study airport infrastructure, its construction, background of airport and its
design characteristics, various present challenges of an effective airport terminal are measured
with the help of statistical tools. The statistical tools play an important role. It enabled this

research to evaluate and investigate the various facts in an adequate manner.

Statistical tools are regarded as those tools that are used for collecting, examining and
showcasing a large volume of data in a correct and consistent manner. The utilization of

statistical tools helped to identify the different patterns and trends that exist in the collected data.
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There are different kinds of tools that are utilized to examine the facts and information to acquire
more relevant details regarding the present study. This study engrosses the following statistical

tools.

I. Simple percentage analysis:

Percentages can be used to compare similar terms in the data collected.

Percentage = No of responses X 100

A total number of responses

ii. Chi-square

In this research utilizes a chi-square test for the analysis of assumed data in the proposal.

lii.  SPSS:

SPSS stands for Statistical Package for Social Science. SPSS Software was designed in this

study in minding that the quantifiable data has to be analyzed in a quantifiable manner

iv Pearson correlation

Measures a linear dependence between two variables

v Spearman correlation

Measures correlation between two variables is equal to the Pearson correlation between
the rank values of those two variables
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The parameters in this research are as follows:

1. Various types of air services taking place at the airport

(Commercial aircrafts, private aircrafts, Cargo, Military operation and others)

2. Facilities of the airport according to their present condition. (Airport terminal, Parking,
Periphery roads, Airport lighting, Aircraft hangers, Airport people movers, Airport apron,
Airport movement safety area, security area, Airport surveillance, Runways, Air-traffic

control and aircrafts ground handling, landing area and departure area)
3. Airport infrastructures and facilities according to the need of renovation and upgradation.

4. Airport financially viable
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Thematic analysis of statements

Thematic analysis is a widely-accepted qualitative data analysis method. It is applied within

different frameworks, to answer different types of the research question. It answers queries

related to people’s experiences, or people’s views and perceptions.

Themes

Sub-Themes

Average per day passenger and aero plane
traffic

Per day passenger traffic at the airport

Per day aero plane traffic at the airport

Number of functional runways and terminals

No. of functional runways

No. of terminals

Operations and facilities of the airport

Requirement of maximum budget
allocation

Factors affecting smooth and efficient
operation of the airport

Structural changes done to facilitate

better functioning

Comparison of airports

Comparison to other international
airports within the country
Comparison to other international

airports of other developed countries

Suggestions for improvement

Suggestions for improvement of

structural design and performance

Table: 4 Major themes and sub-themes
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3.7 ETHICAL CONSIDERATIONS

The ethical considerations are the valid consents and permissions that are taken by the
researcher to carry out the research process in an adequate manner. For the researcher takes valid
consent from the participating respondents in a written format. Prior to this researcher had
informed all the respondents about the aims and objective of the current research study so that
they could participate in the research process in an appropriate way. Additionally, the researcher
also took all the valid consents and permission from the governing bodies. The researcher has
taken valid permission from the aircraft authorities so that no constraint or issues occur while
carrying out the research study process (Bauer, 2014). It is also assured to the respondents that
they will not be physical, emotionally or mentally harmed during the conduction of the research.
The researcher has also committed to the respondents that their responses will be kept

confidential and will be used only for the research study process.
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4.1 Descriptive Statistics

Chapter 4
Data Analysis Report

1. What are the various types of air services taking place at the airport? Please choose as

many as applicable.

Following are the frequency of various types of air services taking place at the airport.

Cumulative
Frequency Percent Valid Percent Percent
Valid  Commercial 10 6.7 6.7 6.7
Charted Commercial 16 10.7 10.7 17.3
Scheduled Commercial 16 10.7 10.7 28.0
Fueling 9 6.0 6.0 34.0
Stay of private aircrafts within the 9 6.0 6.0 0.0
airports
Cargo Freighting 11 7.3 7.3 47.3
Commute of privates aircrafts 5 3.3 3.3 50.7
Fire fighting 8 5.3 5.3 56.0
Search and Rescue 7 4.7 4.7 60.7
Reconnaissance 7 4.7 4.7 65.3
Law Enforcement 13 8.7 8.7 74.0
Aerial Resource Managements 13 8.7 8.7 82.7
Military Operations 6 4.0 4.0 86.7
Emergency Managements 10 6.7 6.7 93.3
Others 10 6.7 6.7 100.0
Total 150 100.0 100.0

43



Sign-t results

Median 6.7

(significance level = 0.05)

Probability Distribution
P(s) = C(n, s)(0.5)"n

S: number of success in 12 trials with binomial
distribution

P(S): Probability for S with p = 0.5 for one trial
CPF: Cumulative probability forward

CPB: Cumulative probability backward
P(<=5or >=7) = 0.774414

Fail to reject the Ho at the significance level = 0.05

NORMAL APPROXIMATION
Z = (s - n/2) / Sqrt((n)(0.5)(0.5))
= (7 - 12/2) 1 Sqrt(12/4)
=0.5774

P(>[Z]) = 0.563703

NORMAL APPROXIMATION
(continuity correction)

Z =(s- 1/2-n/2) ] Sgrt((n)(0.5)(0.5))
=(7-1/2 - 12/2) | Sqrt(12/4)
=0.2887

P(>|Z|) = 0.77283

Fail to reject the Ho at the significance level = 0.05
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2. Please rate the following facilities of the airport according to their present condition as
per your judgement.

The value for Cronbach alpha which in this case is .857

Reliability Statistics

Cronbach's Cronbach's Alpha Based
Alpha on Standardized Items N of ltems
.857 .852 150
Item Statistics
[Facilities Mean Std. Deviation N
Airport Terminal 4.05 1.244 150
Runways 3.67 .993 150
Parking 4.15 .839 150
Periphery roads 4.25 .899 150
Airport lightings 4.15 .900 150
Non Directional Beacon Systems 3.99 .905 150
Area Navigation Systems 4.02 .930 150
Lateral Navigation Systems 3.97 1.147 150
Human Weathers Observation Systems 4.06 1.012 150
Automated Weathers Observation Systems 4.07 .864 150
Airport Lounges 4.05 .988 150
Air Traffics Controls 3.94 1.031 150
Aircrafts ground handling 3.87 1.085 150
Aircrafts Hangers 4.25 .868 150
Airport people mover systems 412 .819 150
Airport Apron 412 .882 150
Airport movement area safety system 4.07 .967 150
Airport security System 4.07 1.014 150
Airport surveillance Systems 4.04 975 150
Aviation light Signals 4.04 .897 150
Flight information display systems 3.98 .979 150
Landing area 4.07 .991 150
Departure control area 4.09 922 150
Duty free shops 4.04 911 150
Automatics Terminal Information Service 411 916 150




3. Rate the below mentioned airport infrastructures and facilities according to the need of

renovation and upgradation.

The value for Cronbach alpha which in this case is .918

Reliability Statistics

Cronbach's Cronbach's Alpha Based on
Alpha Standardized Items N of Items
918 915 150
Item Statistics
Mean Std. Deviation
Airport Terminal 2.75 1.118 150
Runways 2.86 1.187 150
Parking 3.05 1.180 150
Periphery roads 2.99 1.020 150
Airport lightings 3.15 1.019 150
Non Directional Beacon Systems 3.05 1.064 150
Area Navigation Systems 3.13 1.057 150
Lateral Navigation Systems 3.07 1.069 150
Human Weathers Observation Systems 3.09 1.010 150
Automated Weathers Observation Systems 3.07 .991 150
Airport Lounges 3.04 1.092 150
Air Traffics Controls 2.85 1.180 150
Aircrafts ground handling 2.89 1.148 150
Aircrafts Hangers 3.25 921 150
Airport people mover systems 3.22 1.009 150
Airport Apron 3.01 1.071 150
Airport movement area safety system 2.99 1.081 150
Airport security System 3.03 1.068 150
Airport surveillance Systems 3.03 1.068 150
Aviation light Signals 3.09 1.003 150
Flight information display systems 3.11 1.037 150
Landing area 2.98 1.033 150
Departure control area 2.89 1.121 150
Duty free shops 3.10 1.073 150
Automatics Terminal Information Service 3.00 1.030 150
Others 3.16 .997 150
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4 Co-relation between facilities of the airport and airport infrastructures and facilities

according to the need of renovation and upgradation.

A) PEARSON CORRELATION

No X Y X-E(X) Y-E(Y)  [X-E(X)IY-E(Y)] [X-E(X)]*2  [Y-E(Y)]"2
1 4.05 2.75 0.0004 -0.2776 -0.0001 0 0.0771
2 3,67 286 -0.379 -0.1676 0.0636 0.1441 0.0281
3 415 3.05 0.1004 0.0224 0.0022 0.0101 0.0005
4 425 299 0.2004 -0.0376 -0.0075 0.0402 0.0014
5 415 3.15 0.1004 0.1224 0.0123 0.0101 0.015
6 3.99 3.05 -0.0596 0.0224 -0.0013 0.0036 0.0005
7 4.02 3.13 -0.0296 0.1024 -0.003 0.0009 0.0105
8 3.97 3.07 -0.0796 0.0424 -0.0034 0.0063 0.0018
9 4.06 3.09 0.0104 0.0624 0.0006 0.0001 0.0039
10 4.07 3.07 0.0204 0.0424 0.0009 0.0004 0.0018
11 4.05 3.04 0.0004 0.0124 0 0 0.0002
12 3.94 285 -0.1096 -0.1776 0.0195 0.012 0.0315
13 3.87 2.89 -0.1796 -0.1376 0.0247 0.0323 0.0189
14 425 3.25 0.2004 0.2224 0.0446 0.0402 0.0495
15 4.12 3.22 0.0704 0.1924 0.0135 0.005 0.037
16 4.12 3.01 0.0704 -0.0176 -0.0012 0.005 0.0003
17 4.07 2.99 0.0204 -0.0376 -0.0008 0.0004 0.0014
18 4.07 3.03 0.0204 0.0024 0 0.0004 0

19 4.04 3.03 -0.0096 0.0024 0 0.0001 0

20 4.04 3.09 -0.0096 0.0624 -0.0006 0.0001 0.0039
21 3.98 3.11 -0.0696 0.0824 -0.0057 0.0048 0.0068
22 4.07 298 0.0204 -0.0476 -0.001 0.0004 0.0023
23 4.09 2.89 0.0404 -0.1376 -0.0056 0.0016 0.0189
24 404 3.1 -0.0096 0.0724 -0.0007 0.0001 0.0052
25 411 3 0.0604 -0.0276 -0.0017 0.0036 0.0008

Sum 101.24 75.69

0.1494 0.3217 0.3173

Mean 4.05 3.03

r=0.149376 / (0.32169670.5 * 0.317256”0.5) = 0.467577

47



r=) (x—mx)(y-my)>(x—mx)23 (y—my)2

V=Y (x—mx)(y-my)¥(x—m

X)22 (y—my)2

X Values

> =75.69

Mean = 3.028

(X - Mx)? =SS =0.317

Y Values

> =101.24

Mean = 4.05

Z(Y - I\/Iy)2 = SSy = 0322

X and Y Combined
N =25
Y(X - My)(Y - My) =0.149

R Calculation
r=Y((X - My)(Y - M) / V((SSx)(SSy))

r=0.149 /N((0.317)(0.322)) = 0.4676

Meta Numerics (cross-check)
r=0.4676

B) Spearman Co-relation

63 d?

ey e

Calculation

R = CoVariance / (Xgra St. Dev. * Yg, St. Dev.)

Key

Xra = Ranks of X Values; Yra = Ranks of Y Values
Xra - My = X rank minus mean of X ranks

Yra - My =Y rank minus mean of Y ranks

Sum Diffs = (Xga - My) * (Yra - My)

Result Details

X Ranks
Mean: 13
Standard Dev: 7.33

Y Ranks
Mean: 13
Standard Dev: 7.35

Combined
Covariance = 288.75/24 =12.03
R=12.03/(7.33 *7.35) =0.223

rs =0.22315, p (2-tailed) = 0.28363.
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5 s the airport financially viable?

From the table we conclude that out of 150 respondent, 88.7% response Yes and 11.3%
response No for airport financially viable.

Cumulative
Frequency Percent Valid Percent Percent
Valid  Yes 133 88.7 88.7 88.7
No 17 11.3 11.3 100.0
Total 150 100.0 100.0

Table 5:- represent the frequency table for airport financially viable.

financially viable

Fig 3:- represent the pie chart for airport financially viable.

| Yes

m No
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Regression Analysis

Descriptive Statistics

Mean Std. Deviation N
Rate at present condition 4.0496 .45745 150
Renovationandupgradation | 3.0291 .61477 150

From the model summary table, the value of correlation coefficient (R) =0.250 between rating of

facility and facility renovation and upgradation

The regression coefficient (R square) = 0.063 which show 6.3% of variation is explained by rate

of facility on facility renovation and upgradation.

Model Summary

Adjusted R Std. Error of the
Model R R Square Square Estimate
1 .2502 .063 .056 44440

a. Predictors: (Constant), Renovationandupgradation

From the table of coefficient, we found that beta value = -0.250 and value of t test = -3.143 with

p value =0.002 which is less than 0.05 level of significance,.

Coefficients?

Standardized

Unstandardized Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 4.613 183 25.207 .000
Renovationandupgradation -.186 .059 -.250 -3.143 .002

a. Dependent Variable: Rate at present condition
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Chapter 5
Research Findings, Interpretation, and Discussion

5.1 Discussion and results

1. Various types of air services taking place at the airport

Various kinds of services taking place at the airport; it showed that, 16% of the people were in
favor of chattered commercial and commercial as a service at place in an airport. On the other
hand, 13% of the respondents were highly believe on law enforcement and aerial resource
management as a service and lower percentage of the people with 6% were in favor of military

operations as service which take place in the airport.

Sign-T has been performed to test the consistent differences between observed pairs. Hence,
when the Sign test has been performed on the services offered; the probability distribution and

normal approximation results in the value of P to be 0.77

InSign T

If P<0.05, we reject the null hypothesis (No differences is observed in pairs)
P>0.05, the alternate hypothesis is found (Differences in the pairs is observed)

Since the difference in services has been observed, it can be said that all services are operating
independently and the performance of any individual service doesn’t affect the remaining

services but it will directly impact its respective field, its infrastructure and costs
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2. Facilities of the airport:

While testing the variability and reliability of the data and information, it includes
facilities of the airport by analyzing their present condition. The variable has been tested and it
showed the value for Cronbach’s alpha which in this case is .857 and reflects high reliability of
the measuring instrument. Furthermore, it indicates high level of internal consistency with

respect to the facilities rate of the airport according to their present.

Airport terminal, Parking, Periphery roads, Airport lighting, Aircraft hangers, Airport
people movers, Airport apron, Airport movement safety area, security area, Airport surveillance,

landing area and departure area are highly co-related and internally consistent with each other

Runways, Air-traffic control and aircrafts ground handling reflects its reliable internal

consistency. Furthermore, the above services are operating all together with good relationship

3. Airport infrastructures, facilities according to the need of renovation and upgradation:

The effective rating of airport infrastructure and facilities as per the need of renovation and
upgradation, the variable and information has been tested and showed the value for Cronbach’s
alpha which in this case is .918 and reflects high reliability of the measuring instrument.
Furthermore, it indicates high level of internal consistency with respect to the airport

infrastructures and facilities according to the need of renovation and upgradation.

Since the value of Cronbach’s is nearer to 1 i.e., 0.918 this reflects strong agreeing and demand

of renovation and upgradation.
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4. Correlation between the infrastructure of the airport and need for renovation and

upgradation.

On finding correlation between the data and results of operational facilities and need for
renovation and upgradation; two tests namely Pearson correlation and Spearman correlation are

performed.

As per the results of Pearson’s correlation it shows R=0.46 which reflects that, there is a close

positive relationship between them

As per the results of Spearman’s correlation it shows R=0.223 which also shows the presence of

close positive functional liner relationship

Hence, on correlation the research shows the need of upgradation of infrastructure of the airport

5. Financial viability of the airport

Making focus on the reliability of airport financially viability, it showed the result that out of 150
respondent, 88.7% response Yes and 11.3% response No for airport financially viable. Hence, it
can be said that it is essential for the airport industry to arrange their financial resources in order

to provide stretch of their financial viability in an effective manner.

By testing the collected value and hypothesis by using regression analysis, it showed the
descriptive relationship between rate at present condition and renovation and upgradation
situation of airport which showed the value of correlation coefficient (R) =0.250 between rating
of facility and facility renovation and upgradation which show mildly strong relation between
them. The regression coefficient (R square) = 0.063 which show 6.3% of variation is explained

by rate of facility on facility renovation and upgradation.
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In addition to this, to test the model summary of the variable, it was found that beta value was
0.250 and value of t-test was -3.143 which also include the p-value of -0.002 which is less than
0.05 level of significance, so it can be said that the variable has been accepted that there is

significance relation between rate of facility and facility upgradation and renovation.

On the above statics, it shows that there is mildly strong relationship between airport

infrastructure, finance and airport upgradation

6. Thematic analysis of answered statement

i. Average per day passenger and aero plane traffic

Respondents mentioned that “900 and more” for average per day aero plane traffic at the airport.
Similarly, another respondent reported that the average per day passenger traffic at the airport is

“more than 40 thousand”.

Chhatrapati Shivaji International Airport, at Mumbai was ranked 2nd (in India), with close to

48.49 million passengers per year.
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ii. As per the Air Traffic Report - August, 2018,

e Aircrafts Movements

The international aircraft movements have seen an addition of 4.7 per cent

The domestic aircraft movements have seen an addition of 18.4 per cent,

Resulting into a 15.8 per cent growth in total aircraft movements during (April - August) 2018 -

2019 as compared to (April - August) 2017 - 2018.

e Passengers

The international traffic have shown an increase of 7.7 per cent

The domestic traffic have shown an increase of 19.4 per cent

Resulting in an overall growth of 16.8 per cent in total passenger traffic during the period (April

- August) 2018 - 2019 as compared to (April - August) 2017 - 2018.

e Freight

The international freight traffic have shown a growth of 4.6 per cent

The domestic freight traffic have shown a growth of 12.8 per cent,

Resulting in an overall growth of 7.5 per cent in total freight traffic during the period (April -

August) 2018 - 2019 as compared to (April - August) 2017 - 2018.”
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7. Number of functional runways and terminals

One respondent stated that “there are two runways and one is functional at a time, and in that

respect are totally two runways available.

8. Operations and Facilities of the airport

Respondents typically stated that “Construction of the airport requires maximum budget.
Maintenance, infrastructure and prompt services are the significant factors that affect the smooth
and efficient operation of the airport. And the air transportation system always changes for the
betterment, and particularly for better capacity, consumer satisfaction, safety, and security. The

environmental factors are also considered.”

Respondents also stated that “employee behavior and customer expectations are very important
factors. And considering the structure, the facilities provided also play a vital role in affecting the
operation of the airport. And more advanced systems are included as we need to upgrade with

the introduction of new technologies. With this the customer experience is also enhanced.”

9. Comparison of Airports and Finances

At the international level, the aviation sector in India raising working group and expanding
middle class demography is estimated to increase demand. India projects to grow the number of
airports to 250 by 2030 to cater to growing leisure & business travel. Nevertheless, the regime

has been encouraging private sector participation.

There is an increase in investment, totaling USD 12.1 billion in the airport sector are likely to be
produced during the 12th Five Year Plan (2013 - 2018); of these, private investments are
required to total USD 9.3 billion.
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On the domestic stage, due to growing domestic and foreign tourists, there is an improvement in
tourism infrastructure, successful ad campaigns abroad, and the share of travel and tourism in
India’s GDP is likely to depict Year of Year growth of over 15 per cent in 2017; and is expected

to rise at a CAGR of 7.2 per cent annum between 2017 - 2027.

Respondents also said that “Mumbai airport is getting along reasonably well, it is in second

position after Delhi airport and doing very well. But the scope for improvement is always there”.
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Chapter 6:

Conclusion and Recommendations

6.1 Conclusion

As per the detailed information, it can be concluded that the usual techniques for sizing

the more areas for consumer activities in airport terminals are not as much as scratch in that they

without problems bring about mistakes. This research offers realistic measures for integrating

stochastic issues into terminal layout. While making focus on the research and statics analysis, it

can be concluded that:

1.

It has been determined that various type of air-services i.e., Scheduled commercial,
chartered commercial, freights, military services and others are observed, it can be
concluded that that all services are operating independently and the performance of any
individual service doesn’t affect the remaining services but it will directly impact its

respective field, its infrastructure and costs

It has been determined Airport terminal, Parking, Periphery roads, Airport lighting,
Aircraft hangers, Airport people movers, Airport apron, Airport movement safety area,
security area, Airport surveillance, runways, air-traffic control and aircrafts ground
handling, landing area and departure area are highly co-related and found to be internally
consistent with each other; this reflects its reliable internal consistency. Furthermore, the
above services are operating all together with good relationship. Hence, it can be
concluded that if one of the services needs upgradation or renovation, it affects the other

services
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3.

Based on the survey statics results, it reflects strong agreeing and demand of renovation
and upgradation of airport infrastructure. Also, it has been observed that there is
increment in aircraft craft movement, passengers and cargo by 15.8 percent, 16.8 percent

and 7.5 percent respectively this year which support the need for upgradation.

Based on the survey statics results it can be concluded that it is essential for the airport
industry to arrange their financial resources in order to provide stretch of their financial

viability in an effective manner.

Factors influencing the structure and design of airport terminals: In order to determine the
various factors that highly affect the structure and design of airport terminal, it includes
the space requirement which is based on the demand or capacity of the passengers.
Cost is another factor that also affects the structure and design of the airport. The
flexibility in design effectively reduces the cost/ investment: operational cost and in-turn
would offer financial support in future for betterment of airport terminals and also during

uncertainties or calamities.

The airport terminals constructed under flexibility-based designs would support in many
ways: technical support, financial support, services and facilities, etc; hence while
designing the terminals by properly and accurately measuring the areas (transportation,
hold room, beverages and foods, baggage, pedestrians, parking, etc) as per norms and
allocating for extension would also support the airport terminals in many ways for many
years. Hence, all these factors highly affect the design and structure of the airport

terminals.
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6.2 Recommendations and Limitations

e The Aviation Industry in India is emerging exponentially; it gives way to numerous

opportunities.

e It is essential for the industry to boost and develop their potentiality as an MRO
(Commercial aircraft maintenance, repair and overhaul) business in India, which is worth
US500 million as of 2016 and is estimated to raise over US 1.5 billion by 2020; more
advanced systems, and engineering science, facilities and infrastructure has to be

developed as per the demands”

e Leverage on non-aeronautical revenues, improving technology might develop airports

and can now draw on wider revenues such as retail, advertising and vehicle parking.

e Moreover, the future operators will benefit from greater operational efficiency due to
satellite based navigation systems like ‘Project Gagan’ which is in development stage

should be completed soon.
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6.3 Research Limitation

Major issue was to collect data, facts, and figures from different sources. The
different sources of information were limited in nature. This laid down hindrances

in the conduction of research study in a limited way.

The research also had to depend on the respondents for the accumulation of more

data.

The respondents were found to be varied in nature. More or less of the

respondents actively participated and provided their valuable feedback
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Appendix: Questionnaire

Personal Profile of Respondent

e Gender

e Educational qualification

e Total years of experience in Aviation sector

e Designation

1. What is the average per day passenger traffic at the airport?

2. What is the average per day aeroplane traffic at the airport?

3. What are the various types of air services taking place at the airport? Please choose as

many as applicable.
a. Scheduled Commercial
b. Charter Commercial
c. Air Ambulance
d. Fueling
e. Stay of Private aircrafts within the airport
f. Cargo Freighting
g. Commute of private aircrafts
h. Fire Fighting

i. Search and Rescue
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j. Reconnaissance

k. Law Enforcement

I. Aerial Resource Management
m. Military Operations

n. Emergency Management

0. Others (Please Specify)

4. Please rate the following facilities of the airport according to their present condition as

per your judgement. Put a (v") mark to register your response.

Sl. Facilities Very Poor Average | Good Excellent
No Poor
1 Airport Terminals
2 Runways
3 Parking
4 Periphery Roads
5 Airport Lightings
6 Non Directional Beacon
System
7 Area Navigation System
8 Lateral Navigation System
9 Human Weather
Observation System
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10 Automated Weather
Observation System

11 Airport Lounges

12 Air Traffic Controls

13 Aircraft ground handling

14 Aircraft hangers

15 Airport people mover
systems

16 Airport Apron

17 Airport movement area
safety system

18 Airport security system

19 Airport surveillance radar

20 Aviation light signals

21 Flight information display
system

22 Landing area

23 Departure control system

24 Duty free shops

25 Automatic Terminal

Information Service
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5. Rate the below mentioned airport infrastructures and facilities according to the need of

renovation and upgradation. Put a (v) mark to register your response.

Sl Facilities Urgently Requires | Not Sure | Does not
No Requires Require
1 Airport Terminals
2 Runways
3 Parking
4 Periphery Roads
5 Airport Lightings
6 Non Directional Beacon
System
7 Area Navigation System
8 Lateral Navigation System
9 Human Weather Observation
System
10 Automated Weather
Observation System
11 Airport Lounges
12 Air Traffic Controls
13 Aircraft ground handling
14 Aircraft hangers
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15

Airport people mover systems

16 Airport Apron

17 Airport movement area safety
system

18 Airport security system

19 Airport surveillance radar

20 Auviation light signals

21 Flight information display
system

22 Landing area

23 Departure control system

24 Duty free shops

25 Automatic Terminal
Information Service

26 Others
(

)
6. Is the airport financially viable?

a. Yes

b. No
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7. Please shed some lights on the operations and facilities of the airport that require

maximum budget allocation.

8. Please share your views on factors that affect the smooth and efficient operation of the

airport.

9. What structural changes are done to facilitate better functioning of the airport?

10.How will you rate the airport in comparison to rest of the international airports of the

country?

11.How will you rate the airport in comparison to international airports of other

developed countries?
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12. Any suggestions for improvement of structural design and performance of the airport?

13.Comments, if any,
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