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Convener’s Message 

On behalf of the organizing committee, I welcome you to the 6th International Conference on 

Construction, Real Estate, Infrastructure and Project (CRIP) Management (ICCRIP 2022), August 26–

27, 2022, at National Institute of Construction Management and Research (NICMAR), Pune, India. 

This conference is a conglomeration of Academicians, Researchers, Industry Practitioners and 

Engineering/Architecture/Planning students with the objective to encourage research and enable 

deliberations and knowledge exchange across the spectrum of CRIP management areas. We have 

received a large number of scholarly research papers from eminent academicians, practitioners and 

students from India and abroad revolving around this year’s conference themes “ Digitalisation in 

Construction, Real Estate, Infrastructure and Project Sector”.. The papers are selected through a ‘Blind Review 

Process’ and we are confident that the selected papers will provide significant insights into a broad 

range of CRIP sector advances and issues across the globe. We are confident that these deliberations 

will help to explore digital solutions which will help to improve working of construction, infrastructure 

and real estate projects leading to smarter, sustainable and resilient development for the betterment of 

society, and humanity at large. I am convinced that these two days of the conference including the 

various keynote sessions and paper presentations will provide its participants with an intellectual feast 

and it will indeed be an enriching experience for everyone. 

Dr. Jonardan Koner  
Conference Convener, ICCRIP – 2022  
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Going Digital: Assessment of Major Ports of India 
Vandana Bhavsar1, Pradeepta Kumar Samantha2 

12Senior Associate Professor, NICMAR, Pune 
Email: vbhavsar@nicmar.ac.in 

 
Abstract 

1. Introduction 

Infrastructure is fundamental to create improved marketability, efficient resource utilization and 

increased opportunities for the public to participate in the economic development process of a 

country. In the context of an increasingly competitive international environment for 

manufactured goods, the cost incurred in transportation has a significant bearing on the 

competitiveness of Indian products. As the cheapest mode of transport, the sea-mode of 

transport has acquired prominence and popularity throughout the world. With a vast coastline 

of more than 7517 kms, India has12 major and 200 non-major ports, handling about 95 per cent 

in volume and 70 per cent in value of the foreign trade. During 2019-20, major and non-major 

ports in India handled a total cargo throughput of around 1320 Million Tonnes. Productivity 

and effectiveness at ports bear significant relevance on the transaction cost. Further, in the 

context of turnaround time, the efficiency of operations of major ports have also increased. The 

Average Turnaround Time improved from 109.44 hours in 2011-12 to 66.24 hours during 2019-

20. Increasing investments and cargo traffic premises a healthy outlook for the Indian port 

sector. The Ministry of Shipping, India, initiated the Sagarmala programme, in July 2015 in 

order to exploit the potentiality of the country’s long coastline, includes 514 projects entailing 

an investment of about Rs 4.97 trillion. As on 2021, 149 projects have already been completed. 

Of the completed projects, about 57 per cent are port modernisation projects, and 26.17 per cent 

are port connectivity projects. In the Maritime India Summit 2021, the Ministry of Ports, 

Shipping and Waterways (MoPSW) identified a total of 400 projects worth $31 billion across 

the 7,500 km coastline. 

Due to growing importance of Maritime transport sector in India, digital technologies have 

gained increasing priority. It is anticipated that utilisation and execution of new digital 

technologies viz., AI, IoT, blockchain etc., will have a significant contribution in the 

development of smart ports. Although Indian ports have embarked on the journey of 

digitalization and Industry 4.0 to embrace smart port ecosystem since 2016, the use of these 

digital technologies has been limited to varied port activities and even today ports straggle to 

adopt to these technologies.  
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2. Research Objective(s) 

The main objectives of the study are: a) to evaluate the status of digital performance of the ports 

in India; b) to gauge and benchmark the digital readiness of 12 major ports in India using digital 

readiness auditing tool; and c) to construct strategies (framework) in the direction of sustainable 

smart port development in India.  

3. Brief Literature Review  

The basic aim of aforesaid digital technologies is to augment business environment and energy 

needs, to decrease the use of resources and waste and to enhance the service portfolio. As stated 

by Philipp et al. (2018), seaports depend on heavy transport and logistics companies in context 

of the development and application of cutting-edge technology applications. A number of 

Indian ports, introduced new processes such as e-delivery of orders, elimination of manual 

forms, direct port delivery, direct port entrance, installation of container scanners and radio 

frequency identification (RFID) systems, as well as gate automation systems are being 

implemented. The development of the National Logistics Portal Marine (NLP-Marine), which 

will serve as a unified digital platform for all marine stakeholders, is now under way. 

(https://indianinfrastructure.com). According to Sakhuja, (2019), latest technologies and 

innovations offer new avenues to accomplish increased sustainability in shipping and ports 

along with improved effectiveness and efficiency. Additionally, in context of port operations, 

it is evident that the usage of digital technologies in maritime trading ecological system has 

enhanced efficiency and productivity. 

4. Research Methodology 

The present study employs the digital readiness index, also known as DRIP, for 12 major ports 

in India. DRIP was formulated based upon extensive literature survey and various assessment 

practices of Port Performance Indexes (PPIs), examination of digital and Industry 4.0 readiness 

indexes and maturity models and also accounting for the practical solutions as suggested in 

context of the EU-project Connect2SmallPorts. 

In context of prospective self-auditing or gauging the digital readiness of the ports, DRIP is first 

ever index to enable to audit the digital performance of ports. DRIP comprises of five main 

dimensions comprising of 38 associated indicators. Given that digital transition processes of an 

organisation or ports is interaction of management procedures, employees’ skills, understanding 

and competencies, operational IT systems and developed IT processes and solutions, rather than 

merely usage of unique technologies, the above mentioned five dimensions were aligned with 

the DRIP tool so as to accelerate sustainable digital transformation towards a smart port. 
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5. (Expected) Findings 

Through this DRIP tool the status of digital performance and digital readiness of the major 

Indian ports can be determined and gauged. Use of DRIP model allows to compare the ports 

and displays the highest digital readiness among 12 major Indian ports. The tool thus provides 

extensive information regarding present digitalisation trends which could help port authorities 

in identification of suitable digital tools and facilitates them with right decision-making.  

6. Originality, Value and Implication(s)  

This paper contributes to research by employing DRIP tool as proposed by Philipp et al. 

(2020b), which hitherto, to best of knowledge, is not employed to audit digital readiness of 12 

major ports in India. The present paper thus redresses the research gap by undertaking an 

assessment of digital readiness of major seaports of India. The findings of the paper will imply 

that through benchmarking and indexing of the ports, ports strategic position becomes evident 

which may aid government officials, regulators, development agencies, port community etc., in 

informed decision making. Consequently, this will result in achieving sustainable development 

for a smart port.  

Key Words:  Major Ports; Maritime Transportation; Digitalization; Digital Readiness Index; 

Port Performance Indicators; Smart Port 
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Energy Performance Evaluation of Residential 
Buildings Using Artificial Neural Networks and Bim 

Tools 
Rehanas Hamsa 

 
Student, MGM College of Engineering and Pharmaceutical Sciences, Valanchery, Malapuram, Kerala 

Email: raihan14uae@gmail.com 

 

Abstract 
1. Introduction  

The energy consumption worldwide is anticipated to increase by 33% from 2010 to 2030. 

Around 40% of this consumption and a huge portion of environmental impacts like global 

warming by CO2 emission (rate 2% per annum) is associated with construction sector. This 

increases by development of new infrastructures. However selection of appropriate and correct 

designs at every stage can provide considerable energy savings and reduce environmental 

impacts nationwide. Thus Sustainable Construction or Green building concept become the 

urgent need. Evaluation of Building Energy Performance (BEP) is a better tool for energy 

optimization and savings. BEP is a multidimensional parametric system. Its outcome is a result 

of non- linear system with multiple interrelationships within enormous varieties of influential 

factors, which is a feature of ANN. ANN can be a better alternative for BEP analysis and 

prediction as several energy simulation softwares like ENERGYPLUS, are highly complex 

extensive and time consuming and some datas may not be available. This research highlights 

the importance of ANN in complex problem and large multi variant samples. 

2. Objective  

This research is about the importance of ANN in complex problem and large multi variant 

samples. Evaluates the energy performance trend of residential buildings of Trissur district of 

Kerala by ASHRAE 90.1 standards. 

To give Energy Rating, computing EPI index by thorough compliance check of the sample 

residential buildings as per ASHRAE. 

Develop an ANN model to compare and predict the energy performance trend of the residential 

buildings of the district. 

An attempt to understand how ANN integrated with BIM can help to predict the energy 

performance of residential buildings in a particular zone and reduce it. 
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3. Literature Review  

Saeed, Xueqing and Amir (2019) has published a journal on the application of ANN in building 

Energy Analysis and gave a comprehensive review on it. He have analyzed an overall trend 

towards BEA also has given a statistical data of the distribution of papers. ANNs detailed 

structures used in the previous studies has also been summarized to note the overall trends in 

ANNs related to BEA, and ANN criteria contributions. 

Razak and Hafiz and other 4 members (2021) has published a journal on energy performance 

prediction using machine learning. The buildings at the design stage has been considered. 

Mainly focus on the comparison between various machine learning algorithms for energy 

performance prediction like SVM, DT, Random Forest, Gradient Boost, KNN, ET, Adaboost, 

GP and MLP etc. 

They obtained an accuracy of 63%. Comparison between filter method and wrapper method has 

been done. 

Our research project got 70% which is highly promising than this reference journal 

4. Methodology 

• Identify and list energy performance parameters of factors from the literature survey and 

questionnaire. 

• The survey identified several samples and 15 were selected for simulation from various 

zones in Trissur district and evaluated the necessity of implementation for Energy 

Conservation Code for all the buildings in the state. 

• A detailed compliance check against the questionnaire of standards by direct site visits and 

interviewa which include ANN input parameters (Temperature, humidity, total floor area, 

COP, U value, glazed area, Number of heated and habitable rooms, insulation, skylights, 

solar panels etc). 

• Energy consumption prediction and saving using simulation softwares like eQuest by input 

weather file in BIN format.  

• Star rating were also given as per ASHRAE 90.1 norms based on EPI index. Datasets are 

used to train validate and test ANN model for prediction. 

• Feed Forward Network used Back propagation used to train Input -22, Hidden neurons 16 

Four out-put neurons Optimizer –Adam Loss function- Categorical cross entropy 78, 

Activation function in hidden layer –relu Output layer Activation –softmax. No of Epoches-

1000 Batch Size-10 Validation with 20%, Accuracy =70% S1 score-77%, Validation 

Split=0.2. 
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5. Findings 

This research highlights the importance of ANN in complex problem and large multi variant 

samples which gained an accuracy of 70% than the reference journal (63%) and also average 

CO2 emission trend of the zone measured to be 57183Kgs. 

We have got almost maximum 50% energy savings and minimum of 10%33.75% have scored 

5 points, 13.75% of buildings scored 4 points, 16.25% with a score of 3 points and 36.25% with 

a score of 2 points. 

ANN could compute performance in short time. Could integrate BIM and ANN for energy 

prediction  

6. Recommendations 

 Effective treatment of grey water, harvesting rain water and solar panel installations can be 

recommended for efficiency techniques. Effective cooling system that provides air conditioning 

similar to that provided by an electric air conditioner. Passive design which increases internal 

air flow and provides sufficient ambient light. Double glazed windows are more efficient than 

Single glazed windows. Using LED bulbs or Tubes is better than CFL or incandescent Lights 

as these consumes less energy to change insulation like that many recommendations are given. 

Originality, Value and Implications  

BIM Adoption and Strategies. – Integration of BIM and ANN with Sustainability. 

Key Words: BIM; ANN; BIM and ANN; BIM Adoption 
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Revisiting the State of Road Infrastructure in North 
East India Through the Last Decade- its Linkage With 

Economic Activity 

Bedabrata Bhadury 
 

Research Scholar, Maulana Abul Kalam Azad University of Technology 
 

Abstract 
 

1. Introduction  

Road transport can in a nutshell be termed as one of the key components of Social 

Infrastructure, more so in the case of North Eastern Region, where connectivity had 

remained an issue. Post independence however this region lost its economic integration with 

rest of the country as instances like division of Bengal and subsequent creation of East 

Pakistan (Bangladesh) fragmented the core areas of economic activity. One of the main 

reasons that had attributed to the regional and economic backwardness of the North Eastern 

Region is the connectivity issue that the region had been facing for quite some time now. 

Although the primacy of road transport as a component of social infrastructure had 

definitely increased over the past few decades but still the average density of roads in this 

region is much lower than the national average. This very setback had been more magnified 

by long standing history of insurgency, the lack of proper infrastructure facilities, improper 

market linkage system, and inefficient resource channelization system. Uneven topography, 

variations in weather conditions   can be termed as main bottlenecks which hindered the 

maintenance and expansion of all  weather road connectivity in this region – an integral part 

of an effective and efficient communication system.  

Road infrastructure does also have very deep inter-connection with ethnicity, identity of 

tribal people across different parts of the region. A stable and sustainable infrastructure is 

sacrosanct for overall prosperity and economic development of the region. Hence the issue 

of road infrastructure cannot be disassociated from the concerns pertaining to economic 

development and social welfare of North Eastern Region.      

There had been multiple initiatives taken from the side of Government of India, some of 

them are - Special Accelerated Road Development Programme for North East (SARDP-

NE) by Ministry of Road Transport and Highways, North East Road Sector Development 

Scheme, Roads of Economic Importance, National Highways Development Project 

(NHDP), North East Special Infrastructure Development Scheme. Few other initiatives 
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taken by Ministry of Home Affairs include: Border Area Development Project, Hill Area 

Development Project and Border Roads. Better road infrastructure network would not only 

facilitate smoother flow trade and commerce (including cross border trade) but also would 

create the space for regional integration apart from creating a rural-urban market linkage. 

This will also fall in line with Government of India’s gradual shift from ‘Look East Policy’ 

to ‘Act East Policy’ with regards to enhanced connectivity, which definitely has added 

newer dimensions not only to India’s foreign policy with South-East Asian countries but 

also had certainly set the stage to expand the reach of India’s ‘Neighbourhood First’ policy 

of India. 

2. Research Objective 

To have a look at the state of road infrastructure in the North Eastern Region over the 

recent past.    

• To revisit and find trends of economic activities in this regions over recent past. 

• To find the linkage between road infrastructure and volume of economic activity 

through this region.  

3. Literature Review 

The following literatures had been considered for the purpose of the study :  (Bhattacharya 

& Deka, 2021)1 in their article  have stressed the role of road infrastructure as a means of 

getting rid of “geographic isolation” of this region that was caused by “post independence” 

“geo-strategic issue” and “sealing of borders”. However, the authors have cautioned that 

alone improvement in road infrastructure will not be sufficient enough to counter the 

deficiencies of infrastructure sector rather they need to be balanced by significant 

“structural changes”.   

(Kakoty, 2020)2 In his work has identified immense “potential” in North Eastern Region 

that can be engaged to revive the economy. The author has also added that, it will be crucial 

to ascertain that “sustainable and inclusive growth practices become institutionalized”, 

which is not feasible without improvement in overall level of connectivity.  

4. Methodology  

• For the purpose of the study mainly secondary data sources has been used. 

• Well known websites, e.g: Ministry of Road Transport & Highways, Ministry of 

Development of North Eastern Region, North Eastern Council, Ministry of Statistics and 

Programme Implementation (MOSPI) , has been consulted for the purpose of the study. 

• To make the comparison of road infrastructure we have taken the concept of District  
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Infrastructure Index for North Eastern Region. 

• The tabulation has been done with the help of MS-Excel and SPSS 21 application and 

the findings are being presented with the help of tables, pie chart and bar diagram. 

Brief profile of road infrastructure in North Easte rn Region in comparison to national 

scenario : 

Table 1: Length of NH in North Eastern Region (NER) states in comparison to the 

national average 

Country / State 
Existing NH 

length (in km) Length of NH in km/1000 sqkm 

INDIA 1,32,499 40.2 

Arunachal Pradesh 2,537 30.3 

Assam 3,909 49.8 

Manipur 1,750 78.4 

Meghalaya 1,156 51.5 

Mizoram 1,423 67.5 

Nagaland 1,548 93.4 

Sikkim 463 65.2 

Tripura 854 81.4 

For all NE States 13,640 52 

(Source :pib.gov.in) 

From Table 1: Length of NH in North Eastern Region (NER) states in comparison to the 

national averageseems quite evident that most of the states from the North Eastern Region 

has a higher ratio of National Highways per 1000 sqkm of road length , except Arunachal 

Pradesh (30.3) .The maximum length of National Highways is in Assam , followed up by 

Arunachal Pradesh , Manipur.3 (Infrastructure Development in North East Region, 2021) 

Main challenges associated with road infrastructure in North Eastern Region 

Prior to establishment of North Eastern Council, the insufficiency of funds for larger 

projects was the major impediment in setting up infrastructure development. Hence there 

has been absence of “big projects” in this sector leaving way for projects keeping in mind 

“short-term objectives”. This was one of the few reasons that, North Eastern Region was 

unable to keep “pace” with other regions of India. (Nandy, 2014)4 

Stilwell road – a neglected past 

Stilwell road historically also known as the Burma Road  was constructed on the backdrop 

on “Second World War”, however according to the author reopening of this road will 
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provide many opportunities for developing ethnic ties between the transborder 

communities. (Ziipao, 2018)5 In another article (Ziipao, 2020)6 has identified different sorts 

of challenges with“Northeast Infrastructure Mission”. According to the author shortage of 

state revenue has been one of the primary roadblocks in the development of sustainable 

infrastructure in North Eastern region. However in words of the author perennial poor state 

of road infrastructure is not because of “engineering flaws” but more because of other 

associated factors “corruption”, “social and political processes”, “subversion and 

diversion of development funds”, “ethnic contestations”, “extortion” both by “state” and 

“non-state actors”. 

Relationship between road infrastructure and economic activity- Empirical finding:  

To understand the role of road infrastructure in promoting economic activities in the North 

Eastern Region we have here used the concept of District Infrastructure Index .   In this 

study we have focused mainly on Sustainable Development Goal -9 that says, the main 

objectives include – promotion of investment, “reliable and resilient infrastructure”, 

moreover promoting “inclusive and sustainable industrialization” and, by 2030, 

significantly raising industry’s share of employment and GDP. (NITI Aayog, 2021)7 

Initiative to strengthen road infrastructure in Nor th Eastern Region: Some of the 

initiatives taken by Govt. of India includes: 

North East Road Sector Development Scheme (NERSDS): 

The main focus of the scheme is to  cater to different categories of roads ( including-

“Rehabilitation/ construction” /upgradation“) of roads , such as  :  Inter-state roads initially 

constructed by the North Eastern Council (NEC) and other agencies which are essential for 

connectivity of the concerned state, but may not be for other states  and hence remained 

neglected ; “roads in socio-politically neglected area” , roads important for “security”  or 

“strategic viewpoint” and  roads important from economic and agricultural perspective . 

(Ministry of Development of North Eastern Region, 2018)8 

North East Special Infrastructure Scheme (NESIDS): 

The main objective of the scheme is to provide financial assistance for “physical 

infrastructure” and social sector for creation of infrastructure that are not supported under 

any other scheme of Central or State Government. (MDoNER)9 

India-Myanmar-Thailand Trilateral Highway: 

This expansion has paved way for aligning India with Govt. of India’s ambitious “Act East 

Policy”.  The entire project includes the construction of two sections of the Trilateral 

Highway in Myanmar namely: construction of Kalewa-Yagyi road section, and construction 
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of 69 bridges along with the approach road on Tamu-Kyigone-Kalewa (TKK) road section- 

Funding of both the projects done by Government of India, provided grant assistance from 

the side of Myanmar Government. (Ministry of Road Transport & Highways, 2019).10 

Table 2: PERFORMANCE OF DISTRICTS ON SDG 9 

 District 

% of 

habitations 

with 

access to 

all weather 

roads 

under 

PMGSY 

and other 

State 

schemes 

Surfaced 

road as 

% of 

total 

road 

length 

% of 

GPs/villages 

with 

internet 

connection 

(broadband 

or cellular) 

% of 

villages 

covered 

by a 
SDG 9 

mobile 

network. 

  

  

A
ru

n
a

ch
a

l 
P

ra
d

e
sh

 

Anjaw 98.03 53.17 2.62 37.63 47 

Changlang 98.62 53.28 0.55 71.27 55 

Dibang 
97.89 55.41 4.23 4.11 39 

Valley 

East Kameng 96.11 15.45 0.1 63.6 43 

East Siang 100 69.96 12 98.75 70 

Kamle 99.14 2.17 0 61.35 40 

Kra 
97.69 7.23 0 34.42 34 

 Daadi 

Kurung 
96.4 7.04 7.94 34.51 35 

Kumey 

Leparada 97.22 21.22 0 76.25 48 

Lohit 100 74.75 4.07 50.43 57 

Longding 97.4 23.94 0 83.33 51 

Lower 
100 55.24 4.46 49.62 52 

Dibang Valley 

Lower 
94.95 29.74 0 42.98 41 

 Siang 

Lower Subansiri 99.52 19.88 3.61 98.8 55 

Namsai 98.87 59.05 0 25.99 45 

Pakke 
100 11.61 0 50.94 40 

Kessang 

Papum 
97.94 41.96 2.88 12.58 38 

Pare 

Shi Yomi 99.09 34.67 0 12.93 35 
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Siang 97.87 17.32 0 74.47 47 

Tawang 99.15 58.21 0.43 51.9 52 

Tirap 98.23 21.32 1.77 78.95 49 

Upper Siang 97.32 15.88 2.04 65.12 44 

Upper Subansiri 94.82 5.7 2.29 20.91 29 

West Kameng 98.94 42.65 0.35 77.39 54 

West Siang 98.04 47.39 6.12 5.63 38 

A
ss

a
m

 

Baksa 98.81 66.58 100 100 91 

Barpeta 97.25 71.72 99.39 99.39 92 

Biswanath Null Null Null Null * 

Bongaigaon 100 72 100 100 93 

Cachar 97.83 85.44 95.29 98.2 94 

Charaideo Null Null Null Null * 

Chirang 98.69 77.06 100 100 94 

Darrang 99.37 67.13 99.28 99.64 91 

Dhemaji 99.91 79.23 99.37 99.6 94 

Dhubri 96.74 68.85 100 100 91 

Dibrugarh 99.74 80.47 99.77 99.92 95 

Dima 
91.02 59.45 60.95 77.22 72 

Hasao 

Goalpara 98.57 72.54 99.74 100 93 

Golaghat 100 77.53 99.52 100 94 

Hailakandi 97.18 94.25 93.94 98.48 96 

Hojai Null Null Null Null * 

Jorhat 99.09 87.47 99.74 99.87 96 

Kamrup 98.66 78.29 95.95 97.49 92 

Kamrup 

Metropolitan 
Null 95.39 98.53 100 98 

Karbi 
97.41 52.53 78.32 86.62 78 

 Anglong 

Karimganj 97.72 76.85 98.91 100 93 

Kokrajhar 100 68.26 99.62 99.72 92 

Lakhimpur 98.83 62.77 100 100 90 

Majuli Null Null Null Null * 

Morigaon 99.87 86.98 99.67 99.83 97 

Nagaon 99.56 84.32 99.85 100 96 

Nalbari 100 84.32 100 100 96 

Sivasagar 98.95 71.72 100 100 92 

Sonitpur 99.39 78.21 98.5 99 94 

South Salamara-

Mankachar 
Null Null Null Null * 

Tinsukia 99.49 77.97 99.3 99.56 94 

Udalguri 100 46.19 99.87 100 86 

West Karbi Anglong Null Null Null Null * 
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M
a

n
ip

u
r 

Bishnupur 100 72.73 84.62 94.51 88 

Chandel 63.5 56.64 89.96 84.84 73 

Churachandpur 55.29 81.76 44.87 52.98 57 

Imphal 
97.64 89.67 65.9 95.85 87 

 East 

Imphal West 99.28 88.44 85.1 100 93 

Jiribam Null Null Null Null * 

Kakching Null Null Null Null * 

Kamjong Null Null Null Null * 

Kangpokpi Null Null Null Null * 

Noney Null Null Null Null * 

Pherzawl Null Null Null Null * 

Senapati 95.87 78.33 29.76 89.88 73 

Tamenglong 83.89 47.65 29.93 89.8 62 

Tengnoupal Null Null Null Null * 

Thoubal 100 50.51 90.48 100 85 

Ukhrul 90.72 61.51 50.55 94.51 74 

M
e

g
h

a
ly

a
 

East 
15.9 79.13 53.69 53.69 48 

 Garo Hills 

East 
65.52 71.45 Null Null 67 

 Jaintia Hills 

East 
38.81 80.4 73.89 73.89 65 

 Khasi Hills 

North 
15.52 57.62 Null Null 33 

Garo Hills 

Ri Bhoi 34.1 75.09 55.09 55.09 53 

South 
7.41 68.45 29.82 29.82 31 

Garo Hills 

South West Garo 

Hills 
28.23 79.54 Null Null 51 

South West Khasi 

Hills 
22.35 61.89 Null Null 39 

West 
20.24 66.51 78.25 78.25 59 

 Garo Hills 

West 
33.33 79.79 70.68 70.68 62 

Jaintia Hills 

West 
30.94 58.62 34.95 34.95 38 

Khasi Hills 

M
iz

o
ra

m
 

Aizawl 86.84 80.67 84.51 88.73 85 

Champhai 66.67 66.82 74.19 83.87 72 

Hnahthial Null Null Null Null * 

Khawzawl Null Null Null Null * 

Kolasib 50 80.49 100 100 82 

Lawngtlai 43.64 53.97 78.69 83.06 63 
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Lunglei 48.94 78.84 73.85 76.15 68 

Mamit 59.09 74.44 79 79 72 

Saiha 63.64 39.56 65.59 74.19 59 

Saitul Null Null Null Null * 

Serchhip 77.78 84.45 94.55 96.36 88 
N

a
g

a
la

n
d

 

Dimapur 81.9 31.43 39.71 95.43 61 

Kiphire 11.21 28.91 13.64 73.33 29 

Kohima 76.42 47.27 20 96.19 59 

Longleng 61.22 48.86 2.04 100 52 

Mokokchung 83.96 43.64 12.15 97.2 59 

Mon 51.52 42.31 3.05 83.21 44 

Peren 68.87 63.43 10.78 84.31 56 

Phek 44.92 26.87 25.64 98.29 47 

Tuensang 29.55 12.8 3.62 77.54 29 

Wokha 53.29 20.97 11.26 87.42 42 

Zunheboto 55.14 20.12 11.56 76.96 39 

Noklak Null Null Null Null * 

S
ik

ki
m

 

East 
95.97 80.72 86.27 100 91 

 Sikkim 

North 
87.5 86.19 64 100 84 

 Sikkim 

South 
92.77 72.77 83.33 100 87 

 Sikkim 

West 
99.04 64.37 49.18 100 78 

 Sikkim 

T
ri

p
u

ra
 

Dhalai 95.13 83.85 60.26 83.44 80 

Gomati 98.68 91.99 77.58 92.73 90 

Khowai 99.75 82.77 80.65 94.35 89 

North 
95.37 83.11 77.52 94.57 87 

 Tripura 

Sepahijala 99.85 93.77 93.49 98.82 96 

South 
99.23 83.22 83.05 98.87 91 

Tripura 

Unakoti 98.1 82.18 85.71 98.9 91 

West 
99.87 88.11 90.7 98.84 94 

Tripura 

  
            

Target 100 100 100 100 100 

Source: www.niti.gov.in 
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The Way Ahead:    

(Chiru, 2017)11 has advocated that for North Eastern Region to gain sizable advantage of 

“India’s PTA and FTA “ few “key” variables are to be taken into account –such as  “transit 

arrangements”, “proliferation of trade routes” and “customs check post”, “easy visa 

regime” . Moreover having more liberalized trade set up inkling towards South Asian Free 

Trade Area (SAFTA) will generate economic prosperity in the North East Region in future. 

Annexure: 

Table 3: 
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Abstract 

As infrastructure develops, some repairs need to be made to the construction site, as one cannot 

rely on the same process for long without risking various consequences. The main result is a 

shortage of staff and building materials. Also, money is a huge commodity in the construction 

industry, and some of the equipment, machinery, and technology in some areas is not really up 

to standard. Slab is an important part of the structure that consumes a large amount of concrete. 

Under pressure, the concrete has a final load capacity, but it breaks at the site of tension. As a 

result, steel reinforcement is used to support solid loads on the slab. As a result, more resources, 

such as concrete and steel, are consumed, increasing the slab's body weight. To get out of this 

issue, Bubble deck technology is used, in which the middle slab concrete is eliminated because 

it does not use the structure, reducing the slab's body weight. By substituting hollow bubbles 

with high-density polyethylene material, the bubble deck technique decreases the volume of 

concrete. As a result, a Concrete hybrid design for a Bubble and Conventional slab with varied 

water cement ratios is created in this study, and a sample of the Bubble deck slab is generated 

to determine the slab deflection for flexibility and non-destructive testing. slab as an example. 

Design and Cost Estimation was performed to assess the cost of a standard slab versus bubble 

deck slab. 

Keywords: Bubble deck Technique , Compression test , Conventional slab, Flexure test ,Cost 

estimation. 

1. Introduction 

Concrete is the most extensively used material Because of its strength, flexibility, and 

durability. Concrete is used in many construction projects, including buildings, roads, and 

bridges. Concrete is made up of several different components, including cement, a good amount, 

a rough amount, and water. In the development of a concrete-using structure, the slab is an 

important part of the structure. Under pressure, the concrete is very strong, but when pressed, it 

is very weak. All concrete above the neutral axis is under pressure, and all concrete under the 
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neutral axis is under strong force when considering a reinforced concrete slab. This indicates 

that the concrete in the tension area is not working and adds to the weight of the slab body being 

too heavy. (Ali and Babu,2019) 

The bubble deck slab is a construction technique that although concrete survives, some should 

be removed from the middle of the slab to reduce the deal load of the structure. The bubble deck 

is a type of concrete in which the centre of the slab is replaced by hollow plastic bubbles made 

of high-density polyethylene (HDPE), which reduces the body weight of the structure and emits 

CO2. (Dinesh et al., 2020). This HDPE hollow plastic balls may be reused even if the building 

is demolished or rebuilt in the future. Due to the use of plastic balls, the weight of the slab is 

reduced, as is the weight of the supporting Members such as beams and columns. The total load 

on the building is reduced and the amount of concrete used is reduced as the slab and the 

volumes of the supporting members are reduced. 

By Using this type of construction can minimize the concrete volume by up to 33% on the slab 

itself and up to 18% on supporting materials. The use of plastic recycled balls (HDPE) also 

provides better insulation due to trapped air, which is a poor heat conductor. This results in 

more efficient energy consumption to heat or cool the room, depending on the construction 

region. A bubble deck slab also saves time because the amount of concrete that needs to be 

handled is significantly less than a traditional slab. (Ali and Babu, 2019) 

The bubble deck slab will be cast utilising hollow balls in this project. Slabs of tiny rectangle 

size will be casted by introducing these plastic balls to concrete, as most slabs utilised in the 

construction of the structure are rectangle. The flexure property of the bubble deck slab and the 

conventional slab will be compared. There is also a cost comparison between the slabs. 

2. Literature Review 

Abishek and Iyappan, (2021) They concluded in this paper that the slab is an important part of 

the structure that consumes the most concrete. As the span between two columns increases, 

ultimately increasing the span of the slab, the deflection of the slab also increases. In this paper, 

CFRP Spreadsheets have been used to improve the cutting capacity of concrete plates. CFRP 

improves sheet bending and improves its shear strength. Material tests are performed according 

to IS procedures, using CFRP sheets in one of the templates. The load is applied, and the 

deviation is measured. Then they come to the conclusion that the bubble deck does not work as 

well as a normal slab as a result of testing. The maximum load of the CFRP-reinforced bubble 

deck slab, on the other hand, is 18% higher than the conventional slab and 32% higher than the 

bubble deck slab. 
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Domale et., al (2020) This project explains a bubble deck slab and its working construction 

technique to create less expensive construction and less weight. We have made 35% of the 

building materials and concrete using this strategy. The aim of this study was to lower the dead 

load of the slab by inserting HDPE balls into the centre of the slab. The introduction of High-

density hollow balls creates a 30 to 50% flexible slab, which will minimize loads supporting 

members like columns, walls, and foundations of structure, providing a number of advantages 

over conventional slab. Compared to conventional construction methods, the bubble deck 

allows for a 20% faster ground rotation. They also discussed the types of slabs, the importance 

of new construction technique slab research, materials used in the bubble deck slab technique, 

what construction process for slab distribution. After the broadcast they have done a flexibility 

test, a hammer back test. and measurements were made to compare the bubble deck with a 

standard slab.  

(Nagashree et al.,2017) In this paper, they have compared the aspects of the best selection of 

the proposed system for a particular project. They point out that the basic damage to concrete 

structures on horizontal slabs is their heavy weight, which limits the length of time. They argue 

that the basic disadvantages of concrete structures on horizontal slabs are their heavy weight, 

which places a time limit. The primary tests on cement, fine aggregate, and coarse aggregate 

were conducted. Using mix design, Concrete m20 grade and Steel fe415 for a slab of 1m x 1m 

was made using IS 10262-2009. Slump tests and hardened properties of concrete, cube 

compression, and split tension were performed for the properties of concrete. Furthermore, two 

specimens were cast, namely a conventional slab and a bubble deck slab, both measuring 1m x 

1m and containing balls of varying diameters. 70 mm and 60 mm were used for casting. The 

tests were done for 7 days and 14 days. The graph of load vs deflection was obtained. The 

stiffness of the slab was calculated from the graph. Stiffness (load/deflection). 

3. Research Gap 

There have been multiple studies published to determine the bubble deck slab, its alignment, 

properties etc. Bubble deck slab technology is relatively new topic and it is in developing phase. 

In case of conventional slab, majority of study has already been done about its design, cost, 

reinforcement detailing, testing, properties etc. but this has not been implemented to bubble 

deck slab. There is very less research has been done to test the nature of bubble deck in India. 

Due to most of the design of Bubble deck is based on DIN Codal provision, which is European 

Codal provision and Due to lack of BIS Codes and Specification it is not so popular in India. In 

terms of different elements such as estimation, detailed planning, environmental impact, and so 

on, there is a study gap between conventional and bubble deck slab. 
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4. Scope and Objective 

4.1 Scope of the research work is: 

Design and Construction of bubble deck and its comparison with the Conventional slab. 

Estimating the difference between conventional and bubble deck slab for cost comparison 

4.2 Objective of the research work are: 

1. The objective of this study is to use hollow spherical plastic balls in reinforced concrete 

slab.  

2. Design a Conventional slab according to Is code 456-2000 and Bubble deck slab 

according to code DIN 1045 (1988) or DIN 1045 (2001) (German code).). 

3. To study the bending behaviour of the conventional slab and bubble deck slab. 

4. Cost comparison between the conventional slab and bubble deck slab. 

5. Research Methodology 

5. Analyze the diffrent varieties of bubble deck slabs and their structural characteristics. 

6. Study on the required material for concrete. 

7. Perform various test procedure for calculating concrete material properties. 

8. 4. Using the basic test results, a combination of M30 level concrete design and Fe415 

grade steel slab of 0.5m x0.5 m was made using IS 10262-2009 Testing of cubes for 3-

day, 7 day and 28 days. 

9. Casting small slab specimen of 0.5 x 0.5 m convention slab and bubble deck slab. 

10. Perform test on the concrete slab for flexural strength. 

11. The graph for load vs deflection was obtained. 

12. Perform NDT test (Rebound Hammer & UPV test). 

13. Calculation of the detail estimate for cost analysis for a single storey slab 

6. Expected Outcome 

This study will help us to developed a bubble deck slab which will contributes to construction 

by reducing self-weight of slab, reduce time for construction, reduce the consumption of 

materials and increase the efficiency of slab as compared to conventional slab. 

This study will helpful for in detailed cost analysis in between conventional and bubble deck 

slab. 
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Abstract 

 
Globally every region and every country is facing various problems related to the daily lifestyle, 

the living space, the context; and all the tangible and intangible perspectives too. Mankind has 

turned its hopes to technology for help as naturally available resources are being over used, as 

there is increase in population and the demands for resources is also increased; and that has led 

us to almost exhausting the available and natural resources. 

The compensation for natural resources has led us to finding alternatives; alternatives which 

will not only fulfill our needs but also those that are environmentally friendly. These 

environmentally friendly or eco-friendly alternatives are also known as clean technologies, 

green technologies or sustainable technologies.  

The following paper will focus on two technologies and those are ‘Skyscraper Wind Turbines 

’and ‘Under Floor Air Distribution – UFAD’. It will be a second hand study backed up with 

case studies to prove these technologies are used and are viable. Case studies will help us 

understand the working of these technologies, its implementation and most importantly the 

energy saving / energy efficiency and clean technology aspects.  

The methodology for the following paper will include case studies that have implemented these 

technologies, the energy savings on them they have achieved, and brief of the working of the 

technology.  

Conclusion or derivation of this paper might prove to be eye opening and also an introduction 

to technologies that are being used in the other countries. It will also give us an over view of 

the energy efficient these techs can prove to be, the reduction on the carbon footprint. 

The other aspect that can be of over view is the climate efficiency aspect. Following studies 

clean technologies can be implemented in all the climate zones by understanding the climatic 

requirements of the region on use. 

Keywords: skyscraper wind turbines; UFAD; clean technology; energy saving; energy 

efficiency; green technology; sustainable technology 
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1. Introduction  

The stress and tension that is being put on the natural resources has led it to reach on the verge 

of exhaustion leading us humans to turn to artificial sources of energy / renewable energy / 

green technology / clean technology; all these mentioned terms are in short technologies that 

benefit the humans without causing any damage to the environment they are living in. Two such 

green technologies will be covered in the following study and they are ‘Skyscraper Wind 

Turbines’ and ‘Under Floor Air Distribution system’. Both these technologies fall under clean 

technologies.  

2. Research Objective  

Understanding of the two technologies in depth with their benefits and the energy efficiency of 

the structure that have implemented these.  

3. Brief Literature Review  

Skyscraper wind turbines are wind turbines that have been integrated on the skin of the building 

using the wind energy for the generation of electricity. This can also get the structure off the 

grid making the structure energy efficient and self-sustainable. 

Under Floor Air Distribution System (UFAD) is nothing but air – conditioning system. The air 

distribution happens from under the floor and also uses air displacement for the hot air to rise 

up. The floor is raised and the set-up is under the floor giving a clear ceiling.  

Both these technologies will be covered by giving case studies and finding done by various 

people through articles and research papers.   

4. Findings 

The findings will include the charts, numbers, graph or tables that will prove these technologies 

beneficial to the users as well as the environment. These findings will prove that that there is 

still hopes for us humans to sustain without damaging the environment.  

5. Originality, value and implication(s) 

Case studies will show that these technologies have been implemented fully and functioning at 

optimum level proving to be energy efficient and making the structures self-reliant / self – 

sustainable. The values will show the result of the implemented tech. 
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Abstract 
1. Introduction 

One of the most common and main sources of claim in the construction industry is delay. While 

its characteristics are widely known, experts are unaware of its underlying causes and potential 

effects. As a result, numerous projects are running behind schedule. (Muhammad Saiful Islam 

and Bambang Trigunarsyah 2017)1.  A project must be finished on schedule, on budget, and to 

the specified standards in order to be considered successful. As the traditional project 

management methodologies are finding it difficult to cope up with dynamic and spontaneous 

challenges of recent times, there is a need to analyse the efficiency of the project and monitor 

the progress with respect to baseline of the project.   

Construction industry is a major contributor to economy due to its ability to attract huge amount 

of financial and human resources. According to The Ministry of Statistics and Programme 

Implementation report, there are 1565 projects whose estimated budget is around 150 crores 

and above. Out of these, 647 projects are delayed and 421 projects have reported cost overrun. 

The budgeted cost for these 1565 projects was estimated to be Rs. 21,86,542.05 crores and they 

have anticipated it to rise to Rs. 26,59,914.61 crores, which is 21.65% of the budgeted cost. The 

average delay for these 647 projects is 42.6 months. This delay can be attributed to various 

parameters like delay in acquisition of land, delay in obtaining permits, delay in taking financing 

decisions, delay in engineering detailing, change of scope of work etc. 

Key Words: Delay Analysis, Infrastructure projects, Construction Delays, Cost overrun, Time 

Impact Analysis 
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2. Research Objectives 

1. To collect data relating to planned schedule and actual completion of an on-going 

construction project related to CRIP sector 

2. To do perspective study by applying Time Impact Analysis technique on the project to 

know the impact of delays on the time overrun 

3. To assess the effects of such delays on project in terms of cost overruns 

3. Brief Literature Review  

In the construction sector, delays are expensive for all parties involved and frequently lead to 

legal action. The time and money required to develop a claims document is significant in and 

of itself. 

The methods currently used to keep track of delays can be made better. (Alkass et al. 1996)2.  

Delays are generally agreed to be the most expensive, complicated, and risky issue that arises 

in construction projects. Due to the crucial role that time plays for both the Owner (in terms of 

performance) and the Contractor (in terms of payment), it frequently becomes the subject of 

disagreements and claims that result in legal action. To manage this circumstance, a contract is 

created to specify and fix commitments in advance, outline probable delay circumstances, and 

anticipate them. (Ahmed et al 2002) 3. 

A study was done to identify the reasons behind cost overrun and schedule delays in Zambian 

road construction projects. According to their survey, the authors list the following as the 

primary reasons for road construction project delays: delayed payments, financial processes and 

challenges faced by contractors and clients, contract modification, economic issues, materials 

procurement, changes in drawings, staffing issues, equipment unavailability, poor supervision, 

construction mistakes, poor site coordination, changes in specifications, and labour (Kaliba, 

Muya, and Mumbai 2009) 4. 

There may be some delays during preconstruction and others during construction. Project 

timetables are inherently dynamic and variable. The project schedule may be negatively 

impacted by a number of controllable and uncontrollable circumstances, leading to delays. 

These delays have a detrimental effect on project performance. Accurately calculating the net 

effect of construction delays is a difficult task. All stakeholders involved in projects should be 

able to accept the schedule delay analysis technique (Songul Dayi 2010)5 

4. Research Methodology  

Firstly, detailed literature survey relating to the topic is carried out. Research papers relating to 

various Delay Analysis Techniques (DATs) will be studied to understand the methods, reasons 

for delay in construction projects and the result of delay on cost.  
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The data relating to schedule and cost of any on-going project will be collected. The delays in 

the project will be classified into non-excusable, excusable & compensable and excusable & 

non-compensable delays.  

The as-planned schedule of the project will be fixed as the baseline and Time Impact Analysis 

will be carried out with respect to this to check the status of the project, whether it is going as 

per the schedule or behind the schedule.  

If project is found to be behind the schedule, prospective analysis will be carried out to assess 

the result of delays on the overall schedule of the project and to know the projected completion 

time. Additionally, the impact of such delays on the cost of the project will be calculated to 

know the projected cost overruns.  

5. (Expected) Findings  

The primary finding will be the causes of delay and their consequence on the overall schedule 

and cost of the project. This will be used to award extension of time for the party and know the 

cost overrun associated with the delays. Additionally, it will serve as a reference to avoid delays 

and cost overruns in future projects.  

6. Originality, Value and Implications   

This paper is under process and is original in nature. A few implications of this study include 

identifying the factors that are peculiar to Infrastructure project in this study along with a delay 

analysis technique (Time impact analysis) that would be applicable to all infrastructure and 

realty projects based on time and cost. In this study, the delays are identified and time and cost 

analysis has been generated for infrastructure projects.   
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Abstract 
1. Introduction  

India is a vast country, developing at a rapid pace in comparison to other countries. Therefore, 

the construction sector occupies one of the most prominent positions in the country. 

The construction sector brings growth and development to the country. There are instances 

when a project takes longer than expected, its completion date is delayed, and it likely costs 

more than the originally planned cost. 

The project must be finished on schedule and within budget to meet its success criteria. As a 

result of uncertain activities in the entire project life cycle, time delays and cost overruns occur. 

It is very crucial to execute the project on time, still, the construction process includes 

uncertainties and unpredictable components which arise from a range of sources. One of the 

most significant challenges in India is the prevalence of time delays in Infrastructure projects. 

Project delays cause disputes that may even result in arbitration. 

It is estimated that there are over 70,000 crores worth of investments undergoing arbitration. 

Concerning pendency of disputes. The average duration for settlement of disputes is more than 

7 years in India till the recent past, of course, this is improving now with the introduction of 

new arbitration acts which bring committed timelines for arbitration. 8% of Indian GDP 

depends on Construction Industry. Additionally, it employs about 40 million people and 

generates 2.7 new jobs for every lakh invested, making it the greatest direct and indirect 

employer. Therefore, the construction industry must accelerate from the Delay to continue the 

current pace of development and economic activity.1 

2. Research Objectives  

The objective of the present study will be to develop a framework for the selection of delay 

analysis techniques for solving dispute and arbitration problems in projects. With the help of a 

case study, the research will explore, investigate and report a complete delay analysis of an 

infrastructure project and determine the impacts of time delay on the construction project. This 

study will also aim to contribute to the body of knowledge related to delay analysis and claims 

in projects. 
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3. Literature Review 

Through a review of the literature, seven factors that cause delays were discovered, including 

the financial struggles of the contractors, mistakes made during construction and sub standard 

work, a labour shortage, a coordination complaint, a lack of tools and equipment, a lack of 

materials, and poor site management. The three most significant issues among them were labour 

availability, financial challenges faced by contractors, and construction blunders and 

substandard execution. Additionally, according to the respondents' rankings of the 

consequences of delay, cost overrun and extension of time (EOT) are the most common 

implications of the delay in building projects. 

This paper has identified 15 factors that contribute to time delays in construction projects, 

including delays in land acquisition, site location, local support or opposition, changes in design 

specifications, rework, subcontractors and vendors performance, delay in works approval, 

inaccurate budgeting, and resource planning, price escalation of materials, owner additional 

requirements, inflation, payment delay, weak cash flow, and bad weather.2 

4. Methodology 

The study proposes to study the delay analysis which analyses the multiple delay events that 

occurred to the Project during the Construction, by establishing the cause and effect 

relationships of the events, relating the events to a responsible party’s actions or inactions, and 

finally, assessing the delay impact in terms of time. The Critical Path Method (CPM), which 

is the process of determining the critical activities in the schedule by tracing the logical order 

of tasks that directly impact the date of project completion, is the ground on which the delay 

analysis will be carried out. CPM is a methodology or management strategy that establishes a 

project's critical path, which is the order of tasks that move through a project network from 

beginning to end and whose sum establishes the project's overall duration. There may be more 

than one critical path depending on workflow logic. A "critical delay" occurs when an activity 

in the critical route has a delay that, without acceleration or rescheduling, results in an increase 

in the project's total time. A delay to a non-critical activity, on the other hand, won't affect the 

project's total completion schedule since non-critical activities have float. The exercise of delay 

analysis will be performed with Impacted as Planned Analysis methodology as per the 

principles set out in Society of Construction Law (SCL) Delay Protocol 2nd Edition, 2017. 

The delay analysis will be performed on a planning software, Microsoft Projects (“MSP”) 

software using the Baseline Schedule. The advantage of performing analysis with software is 

that the critical path (which defined the duration of the Project) of the Project will be defined 

by the software itself. 
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5. Expected Outcome 

The study will help to get a perspective to get the Contractor an Extension of time1 for the 

Delays which are not attributable to the Contractor but to the Employer. An EOT primarily 

relieves the Contractor of its need to pay liquidated damages during the extension period and 

empowers the Contractor to reschedule its work till completion. Contractors' entitlement to 

compensation such as prolongation cost, loss of productivity, interest on delayed payment, price 

adjustment, etc is typically found in other contract clauses or in the legislation. The advantage 

of an EOT for the Employer is that it provides a new contractual completion date, avoids the 

required for completing the works from becoming "at large," and facilitates coordination and 

planning of its activities, along with the training of management staff. This analysis will help 

the Contractor to further justify his claim. 

6. Value and Implication(s)  

The outcome of the study will help the Contractor and the Employer to understand the delay in 

the project and the claims arising due to events resulting in delay and cost compensation and 

resolve the dispute. 

Key Words: Construction Delays; Construction Claims; Construction Arbitration; Dispute 

Resolution; Delay Responsibility; Delay Analysis 
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Abstract 
1. Introduction 

The concept of data analytics is combined with the Smart City strategy. As study analyses of 

raw data to draw out significant, actionable insights that make optimal use of the interconnected 

information available to better understand and control operation. To make the most of limited 

resources and to combine datasets in the operationalization process, through data collection, 

data processing, data analysis, and data interpretation Structure. The concept of a smart city 

helps in enhancing the quality of urban citizen’s life and multiple disciplines. The purpose of 

this paper is to provide information and details about how data analytics may be utilised to solve 

problems in the waste management system. In this paper, we have studied solutions for waste 

management operation and their framework based on the Internet of things (IoT) and big data 

analytics and propose to find an optimal solution for the operation and ensure consistency plus 

establish a data-centric model using data management approaches. Interoperability and 

reusability of data generated through the use of several techniques. We aim to collect the data 

from different sources, perform analysis and provide a better and sustainable solution which 

will help municipal corporation or local government bodies with respect to improve smart city 

operations. 

2. Research Objectives 

Our research aims to analyse and understand various waste management systems that work with 

the help of data analytics in order to find the most cost-effective and sustainable solution to 

waste management in smart cities. These operations will be performed using data analytics tools 

such as Power BI, Tableu, and Advance Excel. Through data analytics tools, we can analyse 

different trends and results from public domain data. In addition to reducing human effort and 

time, this method will contribute to low transportation costs (fuel consumption). Unlike 

traditional waste management systems, it will collect and manage waste at the right time. 
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3. Brief Literature Review 

Due to unprecedented population growth and urbanization, increasing waste generation has 

become a significant challenge in developing countries. Many issues have been researched on 

this topic that have a direct connection with the increase in waste material generation and the 

associated difficulties in dealing with it in a smart city. But still don’t have a proper solution.[1] 

Many times, in our city, we see garbage cans or dustbins placed in public places that are 

overflowing. It creates unsanitary conditions for people as well as ugliness in that location, 

leaving a bad odour. Every time it is not possible for municipality to check several times a day 

at one location.[2] 

 IoT Based Smart Garbage and Waste Collection Bins to avoid all of these scenarios. These bins 

are connected to a microcontroller-based system with IR wireless technologies, as well as a 

central system that displays current garbage status on a mobile web browser with an html page 

through Wi-Fi. As a result, the status of the html page will be updated. The Wi-Fi module's 

functionality is critical to the success of our project.[3] 

The purpose is to reduce human resources and efforts while improving the concept of a smart 

city. Eventually it will help the residential people also commercial to manage their garbage 

bins.[4] 

With the improvement of smart waste management systems and using new software innovative 

techniques like “iSmartWMS” software prototypes to improve the waste generation control in 

smart city.[5] 

Smart waste management system facilities waste collection from waste bins to garbage dumps 

where waste generated gases are produced and it helps in generation of electricity and helps in 

power processing and distribution over city.[6] 

By 2050, the great majority of the world's population that is near about 70% of total population 

will have moved to metropolitan regions, resulting in massive cities.[7] 

Such cities will demand for sustainable infrastructure to manage inhabitants' demands and 

provide basic and sophisticated services. The Internet of Things paradigm is enabled by the use 

of Future Internet technologies augmented by the usage of the Internet Protocol on various 

wireless sensors.[8] 

Wireless Sensor Networks can include a wide range of sensors (WSNs). When WSNs are used 

in a city, they are in charge of gathering and processing ambient data, and thus of transforming 

old city infrastructure into so-called Smart Cities.[9] 
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The focus of this research is on more energy-efficient IoT as a facilitator of diverse applications 

such as waste management. Its specific goal is to offer a vast number of models. coping with 

effective waste management.[10] 

To make waste collection routes more optimal & economical, the author proposed Decision 

Support System (DSS). This system is based on IoT & capable to handle waste collection in the 

unreachable area also. The dynamic routing algorithms provide faster, cheaper & smart 

route.[11] 

The primary problem in households is how to dispose of household waste since it has an impact 

on the environment and the ozone layer. For Disposing of & managing recyclable household 

waste, a weight-based billing system is provided & that will help to clean the environment. Lots 

of problems were faced by authors to decomposing & recycle waste like dump sites are not 

good, disposal is difficult in many cities, no space for fresh garbage, and waste-to-energy plants 

are just 8 in India.[12] 

To monitor the garbage level, determine if the waste is moist or dry, and determine if any waste 

has spilled around the dustbin. All three sensors collect data, which is then input to the 

microcontroller. The microcontroller analyses the data, and the data is then delivered by SMS 

to the approved number at the waste management centre using the GSM/GPRS module.[13] 

4. Research Methodology 

As we saw above there is a wealth of information available in municipal and public records. 

After reviewing all research paper and their requirements, technical feasibilities and 

sustainability aspects we will select one or two efficient solutions for operation. Then we will 

collect data from open-source software and public applications such as Google Maps, social 

media, and IT services, which are mentioned in the research papers or others. If a specific 

endpoint (insight) is desired, sample data can be collected by deploying a dedicated tool such 

as sensors, cameras, or surveys. After collecting the data from research paper, we can analyse 

the data using different tools and software’s such as Advance excel, Tableau, Power BI etc. and 

provide relevant insights for smart city operations. Garbage management, sanitation, healthcare, 

transportation, traffic control, environmental welfare, and electrification are just a few examples 

of areas where improvements might be made. After collecting and analysing the data we can 

give a solution to the government body or municipal so they can implement it in real life. 

5. Expected Findings 

Modern technology has created avenues for sophisticated service delivery in various aspects of 

life. A more operative use of the current technological repertoire is being required in the waste 

management sector due to the increasing population and lifestyle changes. An improved way to 
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handle and dispose of waste is created by using proposed data analytics-based waste 

management, which also assists in solving various future research problems related to food, 

hygiene, environment, sociocultural traits, lifestyle, etc. It is anticipated that monitoring of 

waste bin fill levels will assist in improving bins waste collection at the right time, and help 

reduce transportation costs, such as fuel and labour costs, as well as the time wasted on this 

process. 

6. Value and Implications 

The findings will aid in comprehending the significance of using IOT software’s and sensors, 

Prototype software’s like iSmartWMS, Generation of electricity using gas from industrial 

waste, Wireless sensors in the waste management in terms of time saving, effectiveness of IOT 

software’s, Plan of execution, keeping record in application, scheduling, and safety. How can it 

be useful for the people who are going to face this in upcoming years nationally and also on 

international level. 

Keywords: Waste management, Urbanization, IOT, Prototype iSmartWMS, Wireless Sensor 

Networks (WSN), GSM/GPRS module, Decision Support System (DSS) 
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Abstract 

1. Introduction 

For most businesses in the AEC sector, BIM is a novel idea. Even with the most careful use, 

stakeholders may encounter difficulties while implementing it on a project or within an 

organization. Project stakeholders are facing difficulties which are encountered during different 

phases of project or in organizational implementation. Therefore, this study is aimed to identify 

such common factors affecting in implementation of BIM then compile such barriers to give a 

holistic perspective to an organisation and address them. The researchers (according to 

literature) also found that most of the common challenges faced are with the training of 

employees, people’s motivation to change to BIM, high cost of implementation, and direct 

coordination and monitoring processes between project participants and team members. 

Analysing perspectives of different experts could be helpful in preparing a standard procedure 

of implementation of BIM. For analysing we will be using thematic, statistical, relation between 

challenges and performance indicators tools.  

2. Scope of the Study 

With the use of enhanced insights into the organisational levels on which these barriers are 

identified, our research attempts to better understand the extent and types of challenges in BIM 

implementation and then use it in connection to an organization's present BIM maturity and 

develop accordingly. All relevant information and data will be gathered from the industry's 

actual construction activity planning. 

3. Objectives of the Study 

To determine the organizational challenges that arise while implementing BIM in projects 

To develop a structural model between the challenges with respect to the organizational 

performance indicators. 

To arrive at solutions to the organizational challenges faced during BIM implementation in 

projects. 
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4. Brief Methodology 

In the present study, data collection is first carried out to uncover the challenges in BIM 

implementation and its correlation with organization performance indicators. For this a closed 

end questionnaire is designed to elicit responses from professional working in the AEC industry. 

The questionnaire is divided into two sections. In the first section, personal demography of the 

respondents is collected. In the second section various organizational challenges and 

organizational performance indicators are listed to be rated by the respondents on a scale of 1 

to 5. These challenges and performance indicators have been complied after extensive review 

of literature. The questionnaire will be sent through online and offline channels and responses 

will be collected. The questionnaire responses will be screened for correctness, completeness 

and subjected to descriptive statistics. If the responses are normally distributed then AMOS will 

be used to develop the measurement model and then the structural model. If the responses are 

non-normal in nature, then PLS-SEM model will be used for the same. An ongoing project 

wherein BIM is being implemented will be taken up as a case study. 

5. Expected Outcomes 

Once the structural equation model has been developed, then the key organizational challenges 

and their influences in BIM implementation will be discovered. This will help in solving these 

challenges for better BIM implementation. In addition, a live project wherein BIM is being 

implemented will be taken up as a case study and studied w.r.t the organizational challenges 

and success in BIM implementation in that project. 
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Abstract 

 

Making a city "smart" is emerging as a tactic to reduce the issues brought on by the rapid 

urbanization and development of the urban population. However, the phenomena have only 

been briefly studied in scholarly literature. The article aims to analyze the strategies of the 

progressive smart cities based on the methodology described further in the paper. Literature 

study has been done about  which elements of the framework for smart, sustainable cities are 

addressed by the "real" plans and how they are presented, as well as which initiatives are 

ongoing, which are given priority, and how the evolution process unfolds in various cities. The 

research examines shared characteristics, such as IoT (Internet of things) and techniques among 

the selected cities, as well as best practices that the authorities might take into account when 

designing their own smart city strategy based on the experience currently accessible. The 

present work mainly focuses on comparing various smart cities’ strategies and parameters. This 

study will assist stakeholders in adapting appropriate approaches for mission governance, 

funding, business model implementation, and selecting the appropriate smart city services and 

technology. 

Keywords: Smart City, Sustainable City, Strategies, IoT, Framework 

1. Introduction 

A smart sustainable city is one that innovates by incorporating information and communication 

technologies (ICTs) and other techniques to better the lives of its residents, the effectiveness of 

its operations and services, and its competitiveness while addressing the economic, social, and 

environmental needs of both the present and the future generations. (ITU-T focus Group on 

Smart Sustainable Cities, 2015). The majority of earlier; smart cities studies have concentrated 

on the nature and effects of technology systems used in the context of specific urban settings 

(Paroutis, Bennett & Heracleous 2014). Utilizing technology and data, smart cities increase 

efficiency, sustainability, economic progress, and urban resident’s life quality and clean 

technologies invariably support the growth of smart cities, notably in the areas of energy, 

transportation, and health. (Lai et al., 2020). The present study comparatively analyses the 

strategies that should be adopted by smart cities. The smart cities’ need is to handle global 
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environment and urbanization problems in line with Global warming and climate change, 

Population increase and resources depletion and adverse effects of increasing urbanization. 

2. Need for Smart Cities 

There is a need to accommodate changing lifestyles by putting a preference on usage instead of 

ownership, such as an increase in car sharing or rental rather than driving up to work separately. 

It is apt to have more employment and study opportunities, for example, the Internet allows 

anyone, from children to the elderly, to study whenever and wherever they choose. Overcoming 

time and location constraints, e.g., function of streaming of videos and developments in 

broadcasting functions allow users can watch videos as per their requirement, without having 

to be present there for it at that specific time. People, who install their own solar power 

generator, can be an example to function as both a user and a supplier in the energy field. 

Similarly, there is also a need for a long-term approach to develop sustainable cities. A few 

following points can stand for this thought. 

1. Managing the different phases of cities' lifecycles Early phase: City operation infrastructure 

is provided in this phase. Growth Phase: as per the rising demand supply can be maintained 

by providing and strengthening the available services. Mature phase: high quality services 

are expected in this phase, accordingly infrastructure is improvised. Transformation phase: 

Integration phase has this name where damage control of an environment is also taken care 

with achieving highest goal of services. 

2. Improving economic performance across the entire Lifecycle, such as pollution, which is 

extremely costly to clean up later. 

3. Improving municipal competitiveness in terms of services (e.g., education, healthcare), 

waste management, water management, transportation, and safety, among others. 

These smart city technologies works together to improve infrastructure, mobility, public 

services, and utility efficiency. 

The present work mainly focuses on comparing various smart cities’ strategies and parameters 

while also understanding how cities operate with defined roles for stakeholders.  

3. Literature Review 

Smart cities are relatively new concept, but their adoption has accelerated in recent years. A 

"smart city" is one that uses a variety of cutting-edge technologies, such as wireless sensors, 

smart meters, intelligent vehicles, smartphones, mobile networks, or data storage technology, 

according to Peng, Nunes, and Zheng (2020). They asserted that an urban development known 

as a "smart city" uses a range of information and communication technology (ICT) solutions to 

manage the resources of the city more effectively. According to Monfaredzadeh & Krueger 
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(2015), these ideas of a "smart city" emphasize the importance of technology. A city can barely 

become smart on the basis of technology alone, even while the term "smart city" includes its 

residents (Nilssen, 2019). A "smart city" was characterized by the writers in terms of its 

intellectual population, quality of social interactions, and integration with public life. Regarding 

these aspects: environmental sustainability, the development of intelligent intellectual capital, 

citizen engagement, and well-being, it should have clearly defined and quantifiable goals. 

Consequently, a thorough definition of a smart city is as follows: "a smart city is a well-defined 

geographical area, in which high technologies such as ICT(Information and communication 

technology), logistics, energy production, and so on, cooperate to create benefits for citizens in 

terms of wellbeing, inclusion and participation, environmental quality, and intelligent 

development; it is governed by a well-defined pool of subjects, capable of stating the rules and 

policy for the city government and development" (Renata dameri, 2013). Cities are a human 

innovation; they originated from the necessity for security, the convenience of living together, 

easier resource management, better lifestyle, shorter mobility distances, and so on. Using smart 

cities, individuals can improve their position and vicinity inside urban areas (Norman et al. 

2006). According to the "smart city" theory, a city should be a creative, sustainable space that 

improves residents' quality of life, fosters a more pleasant atmosphere, and offers greater 

potential for economic growth (2014) Lee et al. The ultimate objective of a "smart city," despite 

the lack of a formal and generally acknowledged definition, is to make better use of public 

resources, improve the standard of services offered to citizens, and lower operating expenses 

associated with public administration. 2014 (Zanella et al.). 

"A Cluster Analysis of Los Angeles," the first urban big data project, was developed in the 

1970s and paved the way for smart cities. Amsterdam was likely the first smart city when a 

virtual digital city was built there in 1994.Things then began to gain up in the middle of the 

2000s when IBM and Cisco started their own programmes. In 2011, Barcelona hosted the 

inaugural Smart City Expo World Congress, which has since developed into an annual gathering 

to follow the advancement of smart cities (Global Data Thematic Research, 2020).Surprisingly, 

inadequate regional planning has long been viewed in India as a contributing factor to 

urbanisation. Although inevitable, it is a chance for faster growth and won't change until the 

advantages of urbanisation outweigh the disadvantages. The focus in smart cities is on providing 

1) Smart vehicles  2) Smart health  3) Pollution and climate monitoring 4) Smart energy 5) 

Smart parking lots 6) Smart homes . To achieve this Smart Components to be adopted are  

1. Technology  

2. Transportation  
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3. Natural environment 

4. Resource Management  

5. Smart Education  

6. Health wellbeing and safety 

7. Government and citizen engagement 

4. Case Study 

1. Strategies/Practices used for development for Garuda Smart City  

For the event of smart Cities, the Garuda Smart City Framework The relationships between 

the three levels are supported by the models in GSCF. We have completed the Garuda Smart 

City Framework's three-level process for the development of smart cities. This includes the 

repair layer, the enabler layer, and the resource layer. Resources are the lowest layer. 

Resources are some items that are readily available but unprocessed; a procedure is required 

for them to become an enabler. Three categories are used to group enablers: intelligent 

people, intelligent governance, and intelligent infrastructure, technology, and environment. 

To begin with, all services are categorized into one of three service categories—Smart 

Economy, Smart Society, or Smart Environment—all of which are capable of embracing 

the sustainable development paradigm. Service clusters make up each service domain. 

Before pursuing enormous scale in GSCF firstly, development for smart cities 

2. Masdar city is the case of urban sustainability. Madakam, et.al.(2016). By adopting green 

energy generation initiative with support of smart technologies, city has driven ecological 

system. Energy and water requirement has been reduced in Masdar City by accommodating 

intelligent buildings and smart infrastructures like smart transportation, smart energy ,smart 

water system. Masdar city project has been a milestone which represents improved ease of 

life of happy living citizens. 

5. Discussion  

Studies have been performed for comparison of different smart cities, understanding the 

requirement of specific city towards its up gradation of smart city. In this work we have found 

out different strategies to adopt by stakeholders as per the requirement of city’s ecological and 

economic growth. The usage of different technologies can be at different level and different 

scale. The basic infrastructure requirements for water, energy, transportation, health, education, 

safety for each city are same but current availability, population and its expected growth, 

availability of technology in that area, economics of technology, adaptability of technology in 

that in that area by resident citizen, percolation of IoT, ICT, and telecommunication technology 

will take the lead space for the absorption of this smart city concept at nation level. 
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Abstract 

1. Introduction 

Real estate is a timeless investment and one of the most important assets and an effective 

strategy to achieve financial independence. As the name implies, real estate is seen as a real 

asset class around the world, and has always held its value over time and never disappointed its 

investors. Housing, retail, hospitality, and business are the four subsectors of real estate. The 

expansion of this industry is boosted by the expansion of the corporate environment, which has 

increased demand for office space as well as urban and semi-urban housing. However, this 

sector is characterized by dynamics associated with the activities of the banking sector, 

customer expectations as well as risks and uncertainties. Even after the upheaval of a pandemic 

hitting the world in the past couple of years, the real estate market strived well. With the concept 

of work from home coming in, the real estate sector for housing has been booming all over the 

world. The office market has been slowly growing but the demand for logistics space continues 

unabated with rental growth accelerating strongly. For investors and developers identifying the 

assets that will give the maximum returns are imperative for their business. Hence, forecasting 

is a crucial part of strategy and business planning for investors of real estate. Demand 

forecasting provides vital information about a sector’s potential in the current market and other 

markets, allowing them to make informed decisions regarding pricing, corporate growth 

strategies, and market potential. Forecasting is a wide subject. Even in our daily lives, we are 

subjected to various forecasts and predictions, which we may or may not consider. In the 

residential property market, first-time buyers must decide whether they should buy now or wait. 

Also, by studying the historical data and other information, government institutions can estimate 

the demand for future housing requirement of the country or any region. This will not only help 

to plan infrastructure, housing or any other services for future, but will also help to manage the 

budget and cash flow. With advancement in technology and greater accessibility of data, the 

process of demand forecasting has become more nuanced incorporating various real estate 
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valuation factors such as price, income, location, typology, infrastructure, government policies, 

population growth, etc. Housing is a basic human need. Residential real estate has social, 

economic and financial implications worldwide. The housing market depends on the cultural, 

economic, and regulatory environment of a country. Forecasting the demand is thus crucial from 

the policy making point of view of a country as well.  

The rise of the global real estate market is mostly driven by urbanization in developing nations, 

as people migrate from small towns and villages to urban areas in order to improve their 

standard of living. Furthermore, the increase in the number of industrial complexes and 

manufacturing facilities has resulted in the growth of cities in adjacent areas. The governments 

in a number of countries like the United States, China, Australia, and certain European countries 

offer long-term real estate loans at a low interest rate, as well as other benefits to first-time home 

buyers.  

Homeowners should pay attention to mortgage rate forecasts and choose between an adjustable 

and a fixed rate. To encourage customers, the governments of the United States, Canada, and 

Poland, for example, offer programmes such as Golden Visa and low-cost housing. On the other 

hand, real estate buyers are drawn to countries with a big number of tourist attractions such as 

Dubai, France, Malaysia, the Netherlands, and Singapore. However, because of slowdown in 

development and transaction activities during the COVID-19 pandemic, there was a decline in 

global real estate market. 

India is the leading real estate investment market in Asia. In India, the real estate sector is the 

second-highest employment generator, after the agriculture sector. By 2030, India's real estate 

market is expected to be worth $1 trillion. By 2025, it will account for 13% of the country's 

GDP. Several variables, such as rising consumption, government spending, and the change of 

the economy from agriculture to services, have all contributed to the overall increase in GDP. 

The emergence of nuclear families, increased urbanization, and rising household income are 

projected to continue to become the primary drivers of real estate expansion in all areas 

including residential, commercial, and retail.  Housing development in India has been up till 

now, unplanned and unregulated. With the introduction of RERA (Real Estate Regulatory 

Authority) in 2016, the sector has become more regulated and has bolstered the confidence of 

buyers and investors. Mumbai being the financial capital of India has been chosen for this study. 

The Mumbai Metropolitan Region includes the areas of Mumbai City, Mumbai Suburbs, Thane, 

Palghar and Raigad. There are several factors apart from the income and pricing that affect the 

housing demand in a complex city like Mumbai. These include the linear geography of the city, 

the centralized business and office areas, proximity to public transportation, rent control etc.  
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Metropolitan Region  

2. Research Objectives 

1. To find out the demand for various typologies of housing in the city of Mumbai 

2. To identify the factors affecting the demand of housing in Mumbai 

3. To identify a model for the demand of MIG housing in Mumbai 

4. To forecast demand for MIG housing in Mumbai for the next decade 

3. Brief  Literature Review 

In a report (Global Real Estate Perspective, March 2022, JLL)1 it has been shown that the 

recovery for retail and market spaces remains sub-specific. Overall, the occupier activity areas 

seem to be recovering in demand with time. The statistics in an article (Indian Real Estate 

Industry)2 indicate that in the last decade, India has been one of the world's fastest growing 

major countries, and over the next 10-15 years, it is expected to become one of the world's top 

three economic forces. Despite occasional economic upheavals, India's GDP grew at a CAGR 

of 6% from 1990 to 2020.  As per a study (Bandhopadhyay et al, 2014)3 housing is the 4th 

largest multiplier on economy, for every rupee invested in housing and construction, 78 paise 

gets added to the GDP. Apart from this it also contributes to the GDP and the construction sector 

as well. In a study (Tiwari & Parikh,1998)4 it is estimated that in a developing country like 

India, the average spending on housing is 10% to 30% of the total household expenditure. The 

country's rapid urbanization is propelling real estate development.  There is a rising demand for 

housing, especially in the urban areas. The cities are trying to cope up with providing adequate 

infrastructure. In a report (Tiwari, 2020) 5 it has been shown that despite the paucity of housing 

in India, there is a stock of unsold units. As per an article (Puri, 2021) 6 despite the increasing 

demand, there is a large stock of unsold units in the city which are lying vacant despite the 

reduction in unsold inventory during the pandemic. A study on the housing market in India 

(Singh, 2013)7 shows that the EWS segment has grown as a result of the several schemes 

introduced by the government in recent years. The luxury and HIG housing have also seen a 

boost due to growth in investment in this sector. This leaves out the MIG housing, which is the 

focus of this study. A study (CBRE,2021)8 corelates the increasing per capita GDP and the 

decrease in lending rates in the increasing affordability of housing. It also gives an insight in to 

the effect of government housing policies, especially in the affordable housing sector.  

Also, policies introduced by the government both state and central to reduce the impact of 

COVID-19 on residential real estate.  
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In a study (Malpezzi & Mayo, 1987)9 the demand for housing in developing countries 

wasshown to be dependent on tenure, income, unit price and household size. Two separate 

models depending on the type of tenure ownership and rent were developed based on the 

aforementioned variables was found to give an adequate estimated of the demand across various 

cities in Asia and Africa.  (Tiwari P. et al, 1998)10 outlined the effect of pricing and income on 

the housing demand for different income groups in Mumbai. The topography, development of 

economic centres, rent control act amongst others have affected the price of housing in the city. 

It was found that the choice of housing as well whether to rent or buy was dependant on not just 

the present but also the future income of the households. Occupation, education, age, and 

spouse’s employment also influenced these decisions.  

4. Research Methodology 

The study incorporates both primary and secondary data. The primary data will be collected 

through direct interview method by using structured questionnaire as required by the study. The 

residents of the Mumbai Metropolitan Region are the probable respondents of the study.  

Experts from the field may be considered as a special category respondent for the study. It also 

incorporates bar diagram, pie charts, multiple bar diagram, line diagram to represent the primary 

and secondary data. The secondary data will be collected from Corporation Offices and 

websites, MoUD, Government of India publications, and other state/central government 

websites.   

A suitable forecasting model will be used according to the objective of the study. The study will 

be open to incorporate more analytical options in future as per further development of study. 

The software packages will be used for data processing and analysis.     

5. (Excepted) Findings 

As per a report (Cushman & Wakefield, 2021)11 the demand for housing will keep increasing 

in a city like Mumbai, despite a great setback as the pandemic, as it evolves with development 

of infrastructure and commercial hubs. Despite the demand for housing, there is a large 

inventory of unsold housing units. Demand forecasting provides a solution to this conundrum 

by bridging the gap between the desired and the unoccupied houses. The relation between the 

various factors such as income, price of the housing unit, size of dwelling, proximity to business 

districts, etc. play a great role in determining the demand.   
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6. Originality, Value and Implications  

This paper is under process and is original in nature. A few implications of this study include 

identifying the factors that are peculiar to Mumbai in this study along with a simple demand 

equation that would be applicable to all residential developments based on price and income 

elasticity. In this study, a model based on the aforementioned factors has been identified and 

the demand forecast for MIG housing in the Mumbai Metropolitan Region has been generated 

for the next ten years (2023- 2032).  
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Abstract 

1. Introduction  

The strategic use of data is critical for the success of any construction business or project. In the 

digital era where everything is going online, the construction sector is also not far away from 

it. From bigger construction companies to large projects data management in the CRIP sector 

started decades ago. But as in the other industries data available in the CRIP sector are quite 

variable and so is their management. Documents and spreadsheets were the older ways of 

handling and storing data in the CRIP sector. Data is not limited to text documents. Today's 

data is in the form of images, audio, videos, and various applications that have their own format 

files. One of the sector's shortcomings is that decentralized data management is still used today. 

The construction sector has the potential to become an organized sector, with the support of 

data management and information technology, this is achievable. There are several tools that 

aren't specifically designed for CRIP but can be used for CRIP. This research paper provides a 

sight of the different types of data generated in the CRIP sector, the challenges of managing 

data during the pre-construction, construction, and post-construction phases, and what methods 

and tools can be used to organize the data and how it can improve the productivity, economy, 

and communication between stakeholders. The study is limited to the Indian CRIP sector and 

theoretical in approach. This research examines what are the methods and issues with CRIP's 

data management and how several existing tools may be used to manage data in CRIP? 

2. Research Objectives 

The objective of the research is to find out the different types of data that can be generated and 

stored, and what challenges are faced in their management in all the three phases of the CRIP 

sector. The second objective is to find out the methods and tools available for resolving the 

challenges and lay down a framework for best practices or guidelines to manage data in CRIP 

in all three phases. A methodical approach for different tools and practices of data collection, 

processing, storage, analysis, privacy, and access will be the outcomes. 
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3. Brief Literature Review  

Pre-construction phase- 

There are three sub-phases in the pre-construction phase i.e. planning (pre-design) phase, the 

design phase, and tendering and award phase. The pre-construction phase ensures smooth and 

successful implementation during the construction phases of the projects (Khaled Al-Reshaid 

2005 et al).  

For planning and designing data should be efficiently managed and communicated to all 

stakeholders involved in the pre-construction phase. The major data generation is in this phase 

only. Various data are created such as text files, spreadsheets, drawings, and rendering pictures 

from the different software such as MS Word, MS Excel, AutoCAD, BIM, etc. Pre-construction 

phase involves data such as weather reports, wind speed, traffic data, locations, elevations, etc. 

these data can be collected by sensors or by manual means. This pre-construction data plays an 

important role in design integration.  

Due to the project’s complexity, since the beginning of the pre-construction phase, a 

multidisciplinary team has been working on mitigating the lack of information between the 

design-construction phases (Aline Arrotéia and Silvio Melhado 2020).  

Construction 4.0 includes technologies like BIM, RIFD, and GIS where the efficiency of project 

design and engineering, and developments have mainly enabled design tasks to be computerized 

(Nathalie Perrier 2020 et al). Once the data get computerized, data management is required.    

Construction phase-  

Material management is vital to ensure the steady flow of goods for production purposes to 

satisfy customer demand. There are four types of material management, i.e., purchasing 

inventory, planning and control, flow and supply of materials, lasting quality, and control of 

materials. Scheduling and control of all materials and equipment to guarantee that they are 

ordered before and bought at a reasonable price and made accessible when required.  

For the planning and procurement of Material data management techniques can ensure project 

managers gather all the insight available from their pool of data. The integration allows 

disparate systems to work together properly and consistently. The information is generated and 

saved in Google Sheets Documents and Microsoft Sheets. 

During the construction phase, monitoring devices now allow companies to track construction 

processes and activities more rigorously and in real-time (Nathalie Perrier 2020 et al). For real-
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time tracking, companies are integrating the data with links, by these links the onsite people can 

update the daily task accomplishment.  

Post-construction phase-  

Each construction project must be turned over to the owner, and all paperwork must be 

completed without putting the client in a difficult position. Only the owner will make the last 

payment after the paperwork is completed, which will result in the project's completion. The 

final documentation provides a comprehensive overview of the project. Preserving the final 

construction plans and the operations manual for future use all of the blueprints for the buildings 

and operational manuals must be stored after the projects are completed so that they can be 

conveniently accessed for use in other projects. 

4. Research Methodology 

First, we concentrated on bibliographic research in data management in the CRIP sector for the 

theoretical background. Second, after finding the challenges in this, we focused on the methods 

and tools for the CRIP sector that can solve those challenges.  

5. (Expected) Findings 

The challenges and the issues in managing data in the CRIP sector, different types of data in 

CRIP, and finding out suitable ways to store, transfer and secure data.  

Originality, value, and implication: 

No guidelines are available for the efficient management of data in this particular sector. This 

paper adds value to the CRIP sector by providing best practices to store, secure, manage and 

make available the data to the accountable stakeholders. The paper may be valuable to the whole 

CRIP sector in all three phases (pre-construction, construction, and post-construction). 

Keywords: Data Management; CRIP sector; Construction Data Management; Project Data 

Management; Information Technology in Construction 
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Abstract 

1. Introduction 

The tremendous growth of small and medium level cities into metropolitan cities exerts pressure 

on fresh water resources resulting in increased demand of water to meet the domestic or 

industrial requirements. Furthermore, the resultant wastewater discharge in the natural water 

sources results in deteriorating quality of fresh water supply thereby creating pressure on 

wastewater treatment capacity. Discharge of wastewater causes degradation and eutrophication 

of the natural water bodies, further contaminating land and ground water resulting in poor 

environment quality. All these factors call for sustainable management to improve water quality 

of both surface and underground sources. 

2. Research objective 

The objective of this study is to carry out comparative cost benefit analysis of a conventional 

wastewater treatment process and the modified wastewater treatment process with engineered 

wetland – to establish the engineered wetlands as a suitable and viable option for urban areas. 

3. Literature Review  

Engineered Wetland technique addresses the wastewater management with improved hygiene, 

water quality, air quality and sustainable Built environment. Wetlands are used in the treatment 

of domestic wastewater, industrial wastewater, and urban storm water. It acts as a natural 

organic load removal present in wastewater. Furthermore, benefits of constructed wetland 

include carbon sequestration and negligible methane release during the process of wastewater 

treatment, which indirectly results in better air quality of that region and reduced urban heat 

island effect. An engineered wetland technology system is a natural or organic wastewater 

treatment system that aids to cleanse water similar to naturally occurring wetlands on landscape 

(Centre of science of environment, 2021).  
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Wetland technology system could be applied as an alternative method to conventional physical-

chemical methods for the treatment of electroplating of industrial effluents as well (Grosse et 

al., n.d.). As industrial wastes effluents consist of large-scale heavy metals and toxic pollutants, 

applying conventional biological treatment is not possible (Sudarsan et al., 2020). The types of 

wetlands include floating wetland system and constructed wetland system. Constructed 

wetlands have been used as a cost-effective and eco-friendly technique for treatment of 

wastewater from various industries.  

Several wetland plant species include versicolor, Acorus calamus, Cyperus flabelliformis, 

Arundo   donax   var, Iris   tectorum, Scirpus Validus and Canna indica (Bastviken, et al., 2004). 

Approximately 90% of pollutants can be removed by these organisms with help of natural 

chemical processes (Ecosan Services Foundation, 2008). The environment benefits offered by 

wetland are water supply and re-creation of water bodies, ground water recharge (Ansola et al., 

2013), removal of toxins and nutrients such as Biochemical oxygen demand (BOD) present in 

wastewater, Chemical oxygen demand (COD) and Total dissolved solids which are organic and 

in-organic materials thereby improving water quality parameters like turbidity, Ph and odour 

(Gikas & Tsihrintzis, 2014). Wetlands also help in improving the characteristics of soil under 

wastewater (Stefanakis, 2016). Wetland technique additionally acts as an aesthetically pleasant 

site for nearby localities and benefits the wildlife such as birds, swans and fish.  

4. Research Methodology 

The methodology for this paper includes case study analysis of a prototype modified sewage 

treatment plant (STP) with a wetland technology and its comparison with the traditional STP 

including costing calculations. The design of a modified wetland includes preliminary 

treatment, primary treatment and wetland technology prototype to treat wastewater. 

Furthermore, the operation and maintenance of wetlands include control and monitoring of 

water-layer flow and vegetation management. The following representative design flowchart is 

given for understanding the work flow of the various stages. Standard IS codes were followed 

for quantity estimation and costing. 

Figure 1: Methodology flowchart adopted in this study 

 

Literature review on engineered wetlands

Case studies

Comparison cost benefit analysis of Traditional vs. 
Modified treatment method

Framework for the sustaimable built environment 
incorporating engineered wetlands
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5. Findings 

From findings, it is evident that modified wastewater treatment plant costs lower than the 

Conventional Sewage treatment plant. Furthermore, it was observed that modified wastewater 

treatment plant is self-sustainable with negligible operational and maintenance cost as this 

modified STP does not require any external power source and it is purely dependent on natural 

process. Based on several experimental and lab trials it is evident that the treatment efficiency 

of around 70-80% was achieved in sustainable way. Engineered wetland are proven to be very 

beneficial for scarcely populated as well as urban areas. The treated water can be reused in 

irrigation, gardening, washing vehicles, and in other areas. In this study, the cost benefit analysis 

was carried out with respect to conventional sewage treatment plant (STP) and modified STP 

(STP with Constructed Wetland). If the consolidation of engineered wetland system with 

standard waste-water treatment plant is designed as per the codes and standards, the efficiency 

can be increased (Melbourne Water Corporation, 2014). 

6. Originality, Value and Implications 

The modified STP is a novel technique suitable where land is easily available at low-cost. 

Furthermore, engineered wetland system technique proved to be green infrastructure 

contributing to sustainable growth of urban infrastructure and helps in achieving the 3R concept 

i.e., Reduce, Reuse and Re-cycle. The application of modified wastewater treatment plant can 

be helpful in mega township projects, highly populated areas as well as scarcely populated 

locations in order to build sustainable cities. It can act as pleasant natural aesthetic for natives 

and will help in creating sustainable built environment by providing a platform for natural 

habitats and plants. The concept can also be utilised for rehabilitation of ponds, lakes and 

contaminated water bodies contributing to highly self-sustainable solution for Built 

Environment. Furthermore, engineered wetland system technique prove to be green 

infrastructure contributing to sustainable growth to achieve mission of built environment. 

Keywords: Sustainable Water Management; Cost Benefit Analysis; Engineered Wetland 

System; Waste-Water Treatment; Eco-friendly.   
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Abstract 

1. Introduction 

The purpose of this study is to understand the concept of Safety Management Systems (SMS) 

in the Indian construction industry by examining at the factors that influence its implementation. 

Objectives of the study 

To determine the influential safety factors that governs the success of a safety management 

system for construction sites. 

To understand and compare the ranking of factors between contractors and client/consultant. 

2. Methodology 

The parameters were identified when a questionnaire survey was done. The data was subjected 

to statistical analysis. The conclusion was reached using the Relative Importance Index and 

Spearmen's Rank Correlation Coefficient test. The most influential factor among the identified 

factors was the management component. 

3. Data Analysis 

The questionnaire consisted of identified factors that majorly affected the implementation of 

safety management system in construction site. The questionnaires were disseminated to 147 

industry professionals in the construction sector (such as client, consultant, and contractor) both 

in India and foreign countries, of which we have received 73 responses. Among the 73 responses 

received 62 were considered as valid responses whereas 11 were considered as void responses. 

The online platform has contributed significantly to extend the questionnaire to more 

professionals outside India. The questionnaire consisted of two parts. The first part comprised 

of all the general information about the respondent whereas the second part consisted of all the 

identified factors that affect the implementation of safety management system in construction 

sites. These identified factors include: Management factors, Site related factors, HRM factors, 
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Personal factors, Relationship factors, Training and Competency factors. Based on the 

professional experience of the respondents, they were asked to rank the factors using Likert 

scale (i.e., strongly disagree; disagree; neutral; agree; strongly agree). 

4. Findings 

The obtained Spearman's Rank Correlation Coefficient is +0.7241. As the coefficient is greater 

than 0 and more towards unity there is a good correlation between the RII of both 

client/consultant and the contractor. 

5. Conclusion 

SMS Implementation Benefits 

Safety management systems provide benefits such as accident prevention and hazard 

elimination, safety awareness and perception, operational efficiency, profit maximisation, and 

recognition of compliance with safety regulations. 

Lowered accident rates were the most significant benefits of accident reduction and hazard 

elimination. The reason for this is improved working conditions which effectively reduces the 

harm caused to workers. Safety awareness and perception mainly refers to the enhancement of 

individual’s safety awareness. Employee morale and OSH awareness are simultaneously 

promoted and enhanced as a result of the SMS implementation. 

Obstacles of SMS Implementation 

Obstacles, like advantages, have been explored and analysed in the past. Project management 

and leadership, project constraint and system limits, and stakeholder competence profiles are 

the three categories of obstacles. The majority of the roadblocks had to do with businesses and 

projects. Tight management control and work schedules, insufficient resources, and a lack of 

passion among employees could all lead to the implementation of SMS being hampered. 

The following are the limitations of the study: 

1. The study collected responses through secondary data from various individuals who are 

professionals from construction industry. An on-site study of a particular workplace may 

have yielded better results compared to that of the secondary data 

2. Some of the respondents did not have the required experience to give accurate responses. 

Results would have varied if the responses had been collected from professionals with more 

experience. 

6. Recommendations 

From the observation, it was found that: 

• A dedicated safety policy should be developed regarding the firm’s commitment towards 

safety, an explanation on how to control the main hazards identified along with those who 
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are responsible to maintain safety matters in the organization. Stakeholders should 

demonstrate their safety commitments as early as the construction project's planning stage. 

• Awareness on the correct usage of the equipment’s or machineries and wearing the personal 

protection equipment’s rightly could reduce risks. Better equipment design and application 

may contribute to higher work quality. 
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Abstract 

1. Introduction 

Today, businesses all across the world are automating their processes, which has resulted in a 

significant amount of data being collected. In many industry sectors, the use of AI, big data 

analytics, and data science methodologies appears to be on the rise, with one of the most popular 

being predictive analytics (Bhardwaj, 2019). For instance, predictive analytics has got a vast 

array of applications in different industry settings like the banking and financial services 

industry (BFSI) by identifying and preventing fraudulent banking transactions (Paul et al., 

2021), healthcare sector by reducing preventable deaths (Kankanhalli et al., 2016), and 

manufacturing industry by improving operational efficiency (Dubey et al., 2019). Also, the built 

environment is not an exception and here predictive analytics is used in many different ways 

like making a reliable prediction of the compressive strength of a given concrete mix design 

(Mohsenijam et al, 2017), forecasting cost for budget planning (Kim et al, 2022), predicting 

safety performance of construction projects (Abbasianjahromi et al, 2022), etc.  

2. Brief Literature Review 

A recent report by McKinsey & Company has predicted that the use of big data analytics and 

associated tools will improve the performance and productivity of the construction sector to a 

large extent, provided adequate infrastructure for backend project data is implemented properly. 

Myriad decision issues that plague the construction industry may be solved using predictive 

analytics tools that can harvest the enormous data construction projects generate regularly 

(Hovnanian et al., 2019). Similarly, other areas of built environment like urban development, 

mobility, pedestrian safety and structural aspects (design, analysis, material, health monitoring) 

of constructed facilities can leverage significant benefits by adopting predictive analytics in 

their realms of application (Wang et al., 2022). Needless to say, predictive analytics is the new 

frontier for research in construction and allied areas.  
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There have been notable systematic reviews on application of big data analytics on business 

and management (Ardito et al., 2019) and construction sector (Madanayake & Egbu, 2019) that 

conceptualized the state of the art. Similarly, bibliometric studies were conducted on the 

application of big data and machine learning on disaster management and infrastructure 

resilience (Habibi Rad et al., 2021), sustainability in smart cities (Heras et al., 2020), robotics 

and automation in construction (Aghimien et al., 2020), blockchain technology in smart cities 

and construction management (Darabseh & Martins, 2020; Rejeb et al., 2021), and blueprint of 

deploying industry 4.0 technologies in construction and project management (López-Robles et 

al., 2020; Newman et al., 2021; Zabidin et al., 2020). However, to the best of our knowledge, 

no previous study has reviewed the state of the art of predictive analytics in the construction 

and built environment research using bibliometric tools. This study proposes a bibliometric 

analysis of extant literature focusing on application of predictive analytics tools in the realm of 

construction, and built environment sector to fill the knowledge gap. Taking a bibliometric 

analysis approach will help us visualize the core domains of predictive analytics-built 

environment research through keywords co-occurrence analysis, identify clusters of knowledge 

development, and influential authors, documents and sources through statistical frequency 

analysis. We will also explore the intellectual capital formation through the lens of co-

authorship, institute and country collaboration networks. 

3. Research Questions 

Through this work we attempt to answer the following research questions: 

 What are the leading knowledge formation entities (countries, institutes, authors, sources, 

documents) that contributed to the development of the predictive analytics-built environment 

research? 

What are the critical research domains that form the core clusters of predictive analytics-built 

environment research among the corpus? 

What are the key areas of focus and which areas requiring further exploration? 

4. Research Methodology 

In the present research work, bibliometric analysis is carried out to examine and classify the 

literature linking predictive analytics and the construction industry. Bibliometric analysis 

involves quantitative and statistical techniques (e.g., citation analysis and keyword co-

occurrence analysis) on bibliographic data (e.g., publication metadata, references, and citations) 

of published scientific literature.  

The data collection for our research was conducted in two stages. First a comprehensive 

literature search was carried out in the online research database of Scopus. In stage 1, the initial 
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search was focused on identifying major research works conducted on application of artificial 

intelligence, machine learning and big data analytics (AIMLBDA) in the domain of 

construction and built environment research. We searched the database using the “Title-

Abstract-Keywords” search field and kept only original research articles and review papers 

written in English as our primary resources. The refined search resulted in 777 research outputs. 

We also limited our timeline further by fixing the end year at 2021 because the continuation of 

research on 2022 which may dampen our research findings because of relative recency and 

resultant low citation count of papers published in the year 2022. The refinement produced 705 

articles.  

In the second stage, in order to ensure the thematic alignment of the research corpus and to 

eliminate irrelevant articles that did not meet our research criteria, following Gao et al. (2022), 

a thorough review of the article titles, keywords and abstracts was conducted by both the co-

authors independently. After compiling and consolidating the independent screenings, we 

eliminated 92 articles and retained 613 articles as the basis of our bibliometric study. The 

bibliographic metadata including the article title, article type, lists of authors, author keywords, 

journal names, publication year, volume, issue, page numbers, citation counts and list of 

bibliographic references were downloaded from the Scopus database in comma separated value 

format. 

5. (Expected) Findings 

Bibliometric overview of the articles is presented in the form of both descriptive analysis and 

network analysis (Donthu et al., 2020) by using bibliometrix R-package (Aria & Cuccurullo, 

2017). In the present work, descriptive analyses include the total number of articles published, 

total number of citations, and citations per articles published. Further, productivity and impact 

of authors, articles, and journals are presented in the form of an h-index, a g-index, and an m-

index (Maggon, 2022; Donthu et al., 2020). Network analysis is carried out with the help of 

VOSviewer and Gephi software which includes bibliographic couplings, co-citations, and co-

occurrences (Donthu et al., 2020; Bastian et al., 2009). 
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Figure 1: Total Publications (TP) and Total citations (TC) (Source: Compiled by the 

authors) 

Table 1: Top contributing authors 

Author  TA  TN N/A h g m 
Cheng M-Y 17 295 17.35 11 17 1.00 
Wang J 10 333 33.30 8 10 1.14 
Hoang N-D 9 189 21.00 8 9 0.73 
Bilal M 7 170 24.29 6 7 0.86 
Kim S 7 70 10.00 6 7 0.55 
Li H 7 143 20.43 6 7 0.75 
Zhang X 7 142 20.29 5 7 0.50 
Mahmood W 6 125 20.83 5 6 1.67 
Wang Y 6 120 20.00 5 6 1.00 
Zhang J 6 71 11.83 5 6 1.25 

Notes: This table shows authors with no less than six articles published. Here, TA= 

total number of articles published; TN= total number of citations; N/A= average 

citations per publications; h = h-index; g = g-index, and m = m-index. 

The top contributing authors (i.e. those with no less than six articles) and their total number of 

articles published and total citations are listed in table 1. Cheng M-Y was the most productive 

author with total number of publications as 17, followed by Wang J with the total number of 

publications as 10. 
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Table 2: Top contributing countries (Source: Compiled by the authors) 

Country  TA  TN N/A 
CHINA 410 1710 4.17 
USA 355 2075 5.85 
UK 141 544 3.86 
SOUTH KOREA 116 372 3.21 
INDIA  100 272 2.72 
AUSTRALIA  97 310 3.20 
CANADA  95 391 4.12 
IRAN 83 407 4.90 
IRAQ 66 169 2.56 
TURKEY 57 191 3.35 

Notes: Here, TA= total number of articles 

published; TN= total number of citations; 

N/A= average citations per publications 

Table 2 represents top ten countries’ scientific production. In terms of total number of 

publications China and United States leads by a wide margin with 410 and 355 articles 

respectively over United Kingdom and South Korea with 141 and 116 articles. 

 

Table 3: Top contributing journals (Source: Compiled by the authors) 

Journals TA  TN N/A h g m 
Automation in Construction 31 

978 
31.55 17 31 1.7 

Journal of Construction Engineering and Management 27 
669 

24.78 14 25 1.27 

Sustainability (Switzerland) 19 
145 

7.63 6 11 0.86 

Journal of Building Engineering 17 
296 

17.41 9 17 1.29 

Accident Analysis and Prevention 16 
549 

34.31 10 16 1.43 

Engineering, Construction and Architectural 
Management 16 

93 
5.81 

6 9 0.86 

Journal of Computing in Civil Engineering 16 
321 

20.06 11 15 1 

Applied Sciences (Switzerland) 11 
87 

7.91 6 9 1.2 

Journal of Management in Engineering 11 
158 

14.36 8 11 1 

Building and Environment 10 
145 

14.50 6 10 1 

Notes: Here, TA= total number of articles published; TN= total number of citations; N/A= average citations per 

publications; h = h-index; g = g-index, and m = m-index. 
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Table 3 represents top contributing journals. In terms of total number of publications 

Automation in Construction leads by 31 articles over Journal of Construction Engineering and 

Management and Sustainability (Switzerland) with 27 and 19 articles respectively. 

 

Table 4: Top contributing articles (Source: Compiled by the authors) 

Title Authors TN Year NP
Y 

NP
A 

Spatial variation of the urban taxi ridership 
using GPS data X. Qian, S.V. Ukkusuri 141 2015 

20.
14 71 

Measuring human perceptions of a large-
scale urban region using machine learning 

F. Zhang, B. Zhou, L. Liu, Y. 
Liu, H.H. Fung, H. Lin, C. 
Ratti 137 2018 

34.
25 20 

Smartphone-based construction workers 
activity recognition and classification R. Akhavian, A.H. Behzadan 133 2016 

22.
17 67 

Automated content analysis for construction 
safety: A natural language processing system 
to extract precursors and outcomes from 
unstructured injury reports 

A.J.-P. Tixier, M.R. 
Hallowell, B. Rajagopalan, 
D. Bowman 124 2016 

20.
67 31 

A novel machine learning model for 
estimation of sale prices of real estate units M.H. Rafiei, H. Adeli 118 2016 

19.
67 59 

Applying a random forest method approach 
to model travel mode choice behavior 

L. Cheng, X. Chen, J. De 
Vos, X. Lai, F. Witlox 101 2019 

33.
67 20 

Using Landsat and night-time lights for 
supervised pixel-based image classification 
of urban land cover 

R. Goldblatt, M.F. 
Stuhlmacher, B. Tellman, N. 
Clinton, G. Hanson, M. 
Georgescu, C. Wang, F. 
Serrano-Candela, A.K. 
Khandelwal, W.-H. Cheng, 
Jr Balling, R.C. 98 2018 

24.
5 10 

Crash injury severity analysis using a two-
layer Stacking framework 

J. Tang, J. Liang, C. Han, Z. 
Li, H. Huang 92 2019 

30.
67 18 

Big data architecture for construction waste 
analytics (CWA): A conceptual framework 

M. Bilal, L.O. Oyedele, O.O. 
Akinade, S.O. Ajayi, H.A. 
Alaka, H.A. Owolabi, J. 
Qadir, M. Pasha, S.A. Bello 92 2016 

15.
33 10 
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Application of soft computing methods for 
predicting the elastic modulus of recycled 
aggregate concrete 

E.M. Golafshani, A. 
Behnood 89 2018 

22.
25 45 

Notes: Here, TN= total number of citations; NPY= citations per year; NPA= citations per author 

Table 4 represents the top contributing articles. The top cited article “Spatial variation of the 

urban taxi ridership using GPS data”, with 141 citations authored by Xian and Ukkusuri (2015). 

The citations per year for this paper is 20.14 i.e. this article is cited on an average 20 times every 

year since 2015. The next lead article on the basis of citation is “Measuring human perceptions 

of a large-scale urban region using machine learning”, with 137 citations authored by Zhang et 

al., (2018). 

We also ran a preliminary analysis of the keyword co-occurrence network, co-citation network 

and country collaboration network to identify the conceptual, intellectual and social structure 

of the knowledge domain in predictive analytics and built environment research. A thorough 

content analysis of the outputs and core articles of the 7 thematic clusters (from the co-citation 

analysis) is proposed to ascertain the state of the art of predictive analytics-built environment 

research domain. The diagrams of the conceptual, intellectual and social structure are 

represented below in figure 2, 3 and 4 respectively. 

 

 

Figure 2: Word co-occurrence network (Top 100 words) (Source: Compiled by the authors) 
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Figure 3 Co-citation network (All papers) (Source: Compiled by the authors) 

 

Figure 4 Country-collaboration network (100 countries) (Source: Compiled by the authors) 

 



72 NICMAR University, Pune 
 

6. Originality, Value and Implication(s) 

The current paper offered a thorough examination of the intellectual framework of predictive 

analytics in the realm of construction and the built environment. The article adds to the body of 

knowledge already available on bibliometric analysis. Researchers, affiliated institutions, and 

nations should be interested in the findings. The authors can map out their own contributions 

and position in predictive analytics research pertaining to the construction and built 

environment domain.  
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Abstract 

1. Introduction  

A large population with a high portion of the functioning populace can be an economic asset 

for a nation. India's demographic dividend and a sharp rise in the working populace would 

empower the nation to accomplish the projected GDP that is worth trillions of USD. However, 

the working-age populace is set to rise to almost 60 % in 2031 and the country is still in the 

stage of development. India as a country is rich in human resources but has limited capital 

resources and with its status of being in the developing stages offers employment opportunities. 

In this context, the domestic talent base of youth can help in strengthening and revolutionizing 

various industries that need to function efficiently for the country’s economic growth. The 

nation is at a stage where enormous infrastructure-related projects are being undertaken and the 

country possesses a large chunk of the population ready to be utilized for such varied projects.  

The important challenge that remains for the Government and Industry Leaders is how to 

incorporate this populace with the required skills into the industry so as to elevate the quality 

of work, ensure the timely completion of projects and deliver projects in the safest possible 

manner. 

2. Research Objective 

The objective of this study is to assess the frequent setbacks and risks associated with the 

construction industry due to skilled labour shortages. The setbacks of various kinds involved 

are identified in order to propose possible solutions to tackle this situation. 

3. Brief Literature Review 

Labour shortage is persistent throughout the construction sector. The government schemes have 

been inadequate in providing skill courses to the population in need of work. The education 

system often does not deliver the required number of skilled workmen across project 

management, engineering, surveying, contract management and skilled/semi-skilled labour. 

The use of skilled labour along with advanced material and equipment is required and will be 
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very well desirable in the near future to deal with problems such as labour shortage, increased 

construction operation quality, saving time and cost overheads. Mitigation measures and 

probable solutions such as the use of digitization can be utilised with skilled labour in order to 

bring operability during shortages.  

4. Research Methodology 

The authors began the work by conducting a literature review using papers and articles, which 

resulted in establishing collated information regarding the skilled labour shortages and the 

associated setbacks the industry encounters. As part of the research methodology, the authors 

conducted interviews with experienced industry professionals and various associated 

stakeholders. 21 professionals were interviewed by means of dichotomous questions, and the 

response data was collated to lead to the establishment of the skilled labour shortage. 

5. Findings 

The key observations indicate the school system frequently doesn't deliver the expected number 

of skilled workers across projects needed for various works. Most shortages are found in the 

fields of Project managers, Site supervisors, Bar benders, Equipment operators etc. (NSDC, 

Government of India). The Skilled Labour shortage to be expected in 2022 in Infrastructure 

projects and Real Estate projects, sum up to 117 million people. Due to the lack of academic 

collaborations, competitive wages, and the basic interest of firms to set up education camps for 

labour, the limitations and hindrances in creating a skilled labour set also increase. As per a 

literature review, it was found that the Skilled Labour shortage can be greater than 75% of a 

contributing factor in Time overruns in a project, which eventually leads to cost overruns. 

6. Originality, Value and Implication(s) 

As we all know it can be said that the need to cater to the skilled labour shortage is linked to 

remedial measures for time and cost overruns in the projects. The study tries to suggest possible 

interventions such as digitization, AI, and formulation of Incentive-based target policies to 

increase productivity and education of skilled labour to increase their scalability and 

interoperability between projects to counter the skilled labour shortages. Mitigation measures 

and probable solutions such as the use of AI-enabled equipment can be utilised with skilled 

labour in order to bring about an increase in operability and productivity during shortages. 

Keywords: Labor Shortage, skilled labour, construction, projects, stakeholders 
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Abstract 

Adopting sustainable construction practices is critical for reducing resource exploitation and 

saving for the future. Construction activities become energy-intensive as a result of the large 

quantities of raw materials used, which require enormous energy to process into the final 

product. Prefabrication has been vigorously promoted, and the traditional issues of heavy on-

site labour and a lengthy construction period have been effectively addressed. At the moment, 

the prefabricated building development focus has shifted to the stage of low-carbon, 

environmental protection, green, and energy-saving sustainable development. Prefabrication 

contributes to environmental protection and is widely regarded as a sustainable building 

method. The prefabrication system in building construction has the greatest impact on time and 

cost. The impact of prefabrication on construction waste reduction and waste handling activities 

such as waste sorting, reuse, recycling, and disposal is an important aspect of this. Data will be 

gathered through a questionnaire survey and a review of the literature. The study's goal is to 

compare the use of prefabrication technology to the traditional method of construction in terms 

of carbon emissions, cost, and waste. As a result, this paper primarily summarises the 

advantages of using prefabricated construction in terms of sustainability and feasibility over the 

traditional approach to construction. This topic also contributes to the development of some 

modern strategies for promoting the prefabrication technique. It can be concluded that the 

prefabrication of building components is one of the most effective waste reduction and carbon 

emission reduction technologies, paving the way to a more sustainable future. 

Keywords: Prefabrication, sustainability, waste minimization, carbon emission. 

1. Introduction 

Prefabrication is the process of combining structures at the factory and transporting the entire 

structure to the construction site where the structure to be located. Construction as an 
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environmentally unfavourable industry is perhaps no longer relevant. The amount of pollution 

caused by building alone is enormous, and it has been exacerbated globally due to the rapid rate 

of urban expansion. 

2. Research Objectives 

Assessing the level of awareness with respect to sustainability in Prefabricated construction. 

To identify modern strategies in the Construction Industry to convert the barriers of prefab 

technique into facilitators. 

To compare the prefab building with conventional building with respect to carbon emissions 

and waste reduction. 

3. Literature Review 

According to CO2 Data; a trend that has resulted in global warming. Construction waste has 

been identified as one of the most significant pollutant sources in the environment. The 

environmental impact of construction waste is felt on a global scale. For example, construction 

and demolition operations account for 17% (70 million tonnes) of global garbage generated 

each year, making the construction industry the world's leading generator of regulated waste. 

Construction as an environmentally harmful activity has arguably become superfluous in the 

Conventional Approach. The amount of pollution created by construction alone is significant, 

and it is getting worse owing to global urbanization, which lacks the dynamic nature required 

for statistically examining the possible implications of prefabrication technology on 

construction waste reduction. A questionnaire survey was created. We learned about the 

benefits and drawbacks of both conventional and prefabricated buildings from this. We also 

learned about the current state and scope of precast procedures from this. To measure their 

impact and rate the score, survey respondents utilized a 5-point Likert scale. Precast concrete 

construction, according to evidence from several studies, includes construction time, reduced 

costs, improved quality, health and safety, material and energy conservation, waste reduction, 

and finally reduced environmental emissions, in addition to improving a building's sustainable 

performance. When compared to traditional buildings, one of the key advantages of employing 

precasting processes could be the reduction of waste. Prefabrication is a revolutionary housing 

concept in the construction industry all over the world with respect to cost-saving, rapid 

construction in very less time as our world is going towards faster and faster growth. 

4. Research Methodology 

Data collection is being done via survey which includes set of questions floated among industry 

workers, academicians, students to assess the level of awareness with respect to sustainability 

in prefabricated construction. Data optimization and analysis is done through tools. A 
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comprehensive literature review comprising of research papers, articles, case studies for 

assessing sustainability and waste management of prefabricated construction and its feasibility 

over conventional method. Comparative study will also be done between a classic structure 

following traditional methods of construction and a prefabricated building adopting off-site 

construction ways. This comparison focus on carbon emission, sustainability, waste generation. 

Suitable conclusion will be derived from the analysis of quantified data in this research.  

5. Expected Findings 

The outcome of this research will provide insights on sustainability of prefabricated 

construction technique from manufacturing to waste generation and management.  

This research will also help us understand the difference between prefabricated construction 

and conventional method of construction for projects of different scales, in terms of 

sustainability and waste generation, and, evidently portray the benefits of prefabrication 

technology over conventional method. 

6. Originality, Value and Implications 

1. To understand overall sustainability by focusing on environmental sustainability with 

respect to embodied energy, CO2 emission, waste and management. 

2. To understand the prospects of prefabrication technique in the Indian construction scenario. 

3. The research will state the benefits of prefab construction over the conventional method of 

construction. 
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Abstract 

1. Introduction 

The ‘land’ means immovable property and includes underneath and beneath it. The land records 

include the information about the land which can be gather through sale deed, mortgage deed 

and property map. These land records are maintained in the different revenue department of 

District and village level across the States. The poor maintenance of land records may give rise 

to the dispute in future transaction. To minimise the fraud relating to land records the 

Government of India has initiated the National Land Records Modernisation Programme 

(NLRMP) in 2008. Several State governments have initiated the digitalisation of records, as it 

is responsibility of the State to maintain the land records and the Central Government provide 

only financial assistance for maintenance of land records to the State. The subject ‘Land’ falls 

under Constitution of India in the VII Schedule List II i.e. State List entry 18 (rights over the 

agricultural land) and entry 45 (Maintenance of land records).  

2. Research Objective(s) 

The objectives of this article are to analyse the importance of digitalization of land records in 

India and identify the issues and challenges in maintenance of the land records in different States 

in digital form and make recommendations.  

3. Brief Literature Review 

To bring uniformity in the land records all state wise, core data fields common to all states shall 

be identified. This may include survey number, and its owners or occupiers, land classifications, 

source of irrigation and details of water sources. (Yogandhar B. N. et al., 2005). The land 

governance is required to reduce the opportunity of corruption. It is also required to sustain 

economic development and social justice. (Burns, A., et al., 2012).  

4. Research Methodology 

In socio-legal research two research methodologies can be used. Those are doctrinal and non-

doctrinal research methods. The doctrinal research methodology includes the research based on 

books, journals, cases and online data which is popularly known as ‘arm chair research’.  

Whereas, the non-doctrinal research includes research based on data collection by using 
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surveys, interview and questionnaires. The non-doctrinal method of research is also known as, 

research on the field. 

In this research paper researcher has used doctrinal research methodology. It is armchair 

research which involves analysis of laws, and case laws relating to Land records in India 

specifically in Maharashtra.  

5. (Expected) Findings 

Many States maintain the land records in different forms by initiating the digitisation of land 

records it will bring the uniformity in land records in all States in India. The privacy of the land 

owners needs to be maintained in digitalisation of land records by asking the person who wants 

to access the land record to create log in id and password or by generating OTP in mobile 

number this will ensure the bonafide use of land records and minimise the fraud in digital land 

records. 

Importance  

1. Survey and mapping 

2. Brings Uniformity 

3. Easy to access 

4. Minimise the fraud  

5. Benefits the investor  

Issues and Challenges: 

6. Survey and mapping  

7. Protection of data privacy 

8. Finance  

6. Originality, Value and Implication(s) 

This article is original work of the researcher. It suggests the uniformity in the land records. It 

will add value to the smart city and smart governance of land records. 

Key Words: Land records, Digitalization, Document, Legal  
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Abstract 

1. Introduction  

The internal migrant construction workers in India, have been the backbone of the Indian 

construction industry and Indian economy. During the Covid -19 pandemic the construction and 

its allied sectors had been badly affected. India was one of the leading countries to implement 

the initial lockdown in the month of March2020 to contain the COVID-19 pandemic but still, 

the lockdown failed and within few months, India joined the list of countries with the most 

affected country in the world by Covid-19 pandemic. 

Among all, the migrant construction workers were found to be the most affected group in 

lockdown, as their work was completely stopped during lockdown. 

2. Research Objective(s) 

This study aims to achieve the following objectives: 

a. To study the economic impact of Covid-19 pandemic on migrant construction workers in 

India. 

b. To study the socio-economic challenges faced by the construction companies during covid-

19 pandemic in India, in order to take measures for the benefit of construction workers. 

c. To study the various policies and laws implemented by the Indian government during the 

covid-19 pandemic for migrant construction workers in India. 

3. Brief Literature Review 

The literature on impact of Covid-19 pandemic on construction workers reveals that rural 

migrant construction workers were badly affected by the pandemic. Published research results 

show various issues and impacts faced by rural migrant construction workers which are 

classified into social and economic effects (Sahni & Aulakh, 2020). The migrant construction 

workers who had returned to their home-towns during the lockdown had to face may challenges 

in order to earn a livelihood and were trying to learn new skills (Kumar, 2020). Some workers 
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were not even paid their wages during the lockdown (Sharma, 2020). The pandemic affected 

the global economy and trade and hence the contruction companies also faced challenges in 

helping the construction workers (Biswas et al, 2021). Various steps were taken by the 

government through schemes like Pradhan Mantri Garib Kalyan Yojana (PMGKY) to deal with 

the economy for the poor migrant workers in India. Irudaya Rajan et al’s (2020) paper shed 

light on the schemes announced by the government of India in order to improve the plight of 

migrants. They made a study with the help of Press Information Bureau and collected the 

information regarding providing the migrant workers with food-grains, pradhan mantri awas 

yojna, shishu mudra loans, one nation one adhar card etc. The existing body of literature 

revealed a pressing need for a study of migrant construction workers’ condition after the worst 

form of pandemic and lockdown is over, and the impact which is still faced by the workers. The 

present study endeavours to fill this gap. 

4. Research Methodology 

In this paper the studies of migrant construction workers during the Covid -19 pandemic and 

migration related problems were searched by following the PRISMA (Preferred Reporting 

Items for Systematic Reviews and Meta Analyses) guidelines. Data search on Scopus, Google 

Scholar, ResearchGate was done. We choose 30 papers articles for our study which were 

relevant to our objectives. By considering the constraints such as economy, health related issue, 

socio-economic impact, government implementation and policy, social impact we used 

qualitative method of data collection and analysis in which we choose snowball sampling 

method with informal, open-ended interviews of migrant construction workers, contractors, 

engineers, and owners of various construction companies in India. 

5. (Expected) Findings 

This paper highlights the cash assistance implemented by the government to the migrant 

construction workers in India. The role of State Construction Workers Welfare Board during 

the pandemic and some issues and challenges during the crisis have also been discussed. Some 

results show that the cash benefit scheme has helped many migrant construction workers to 

overcome the financial crisis in some states, but around 75% workers did not get the benefit due 

to some issues like not having bank account, linking of Aadhar card to their bank account. The 

findings draw attention to the plight of migrant construction workers who, in spite of the severe 

financial crisis and the government's travel regulations, felt compelled to return to their 

hometowns in order to feel safe. The national migration policies for the welfare act in India 

during covid-19 was established and their strategies to mitigate the crisis for the migrant 

construction workers with some failures is discussed in this paper. This also focuses on the 
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fundamental and economic rights laid upon the domestic migrant workers and other labourers 

under labour laws and the Indian constitution. During the COVID-19 Pandemic, several states 

ran a variety of assistance programmes, but the network was weak since suitable criteria, which 

were established under the Model Welfare Framework of the Ministry of Labour and 

Employment, weren't implemented. The initiative by the government was appreciable by 

implementing various schemes for migrant construction labourers but outcomes were not seen 

as per the survey. Government, labours welfare department, employers’ organization, various 

non-governmental organizations should plan and take all pros and cons into consideration of 

various schemes so that every worker should be benefited during such a crisis in future. 

6. Originality, Value and Implication(s) 

This study is important considering the fact that more pandemics may be possible in future. The 

findings of this study will help construction companies and labourers to be better prepared for 

any such crisis in future. The study also gives certain policy suggestions for implementation by 

the central and state governments, in order to mitigate the after effects of pandemic specifically 

on construction labourers. 

Keywords: Covid-19; Construction workers; lockdown; labourers; government policy  
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Abstract 

1. Introduction  

FDI is an important part of India’s growth. Foreign Direct Investment has different levels of 

importance stimulus for different countries economic development. It is especially important in 

the growth of China and the Association of South East Nation (ASEAN) countries. Foreign 

Direct Investment has various advantages for the host country such as increase in Gross 

Domestic Product (G.D.P) of a country, bringing in capital into the country, increasing the 

countries industrial base, bringing in new technology into the country and increasing 

employment in the country. The entry of foreign players makes a variety of products and 

services available to consumers, with higher quality, and more competitive prices. The level of 

Foreign Direct Investment in India is increasing due to two major reasons. Multinational 

Companies invest in India to get access to the growing Indian market. Similarly, many 

multinational companies want to have manufacturing facilities in India to be used as a base for 

doing exports to other countries. Host countries often give substantial incentives to bring in 

Foreign Direct Investment into the country due to the economic advantages it brings. Similarly, 

India tries to encourage Foreign Direct Investment into India to have better economic growth.  

Key Words: FDI, Economic Growth, Comparative Study, Sectoral Growth 

2. Research Objectives  

The research study aims to consider the following objectives: 

1. To analyze the impact of FDI amount on the Infrastructure, Automobile, Power, Services, 

Construction and Real Estate Sectors in India. 

2. To compare the impact of these FDI inflows across the above said sectors. 

3. To develop a forecasting model for measuring FDI’s impact on various sectors in India. 

3. Brief Literature Review  

The studies done an impact of Foreign Direct Investment on a country’s economic growth have 

shown varying results. Zhang (2001); Liu et al. (1997); Hansen and Rand (2005); and (Chang 
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2007). analysed the impact of FDI on economic growth due to the spillover effect. (Chakraborty 

and Basu, 2002; Agrawal and Khan, 20116; and Dash and Parida, 2013; Sahoo and 

Mathiyazhagan, 2003; Pradhan, 2002) opined that FDI does not have significant impact on the 

economic growth of a country.  

On the other hand, Chakraborty and Nunnenkamp (2008) find that the inflow of FDI has 

contributed to economic growth for the Indian economy. The literature review indicates that the 

causality of Foreign Direct Investment on economic growth needs to be established. It is also 

necessary to identify using empirical method. The various parameters that have an impact of 

FDI inflow in India. 

4. Research Methodology 

The study intends to collect data for a twenty-year time frame regarding FDI inflows into India 

on a sector wise basis. The growth of various sectors shall be measured on the basis of sectoral 

and thematic indices of NIFTY. Panel Data Analysis shall be used to study the impact of FDI 

on the growth in individual sectors.  

Panel Data Analysis shall be done. The study also constructs a model to measure the forecasted 

impact of FDI inflow through multiple regression analysis. 

5.  (Expected) Findings 

The maximum FDI has been observed in the services sector during the last twenty years. The 

other sector such as infrastructure, construction, automobile, telecommunications, 

pharmaceuticals, chemical and power have also received significant amount of FDI. 

6. Originality, Value and Implications  

The research paper is made on the basis of research being currently carried out and is original 

in nature. The research paper shall analyse the sector wise impact of FDI. 
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Abstract 

1. Introduction  

Among all the sectors, real estate is one of the most organized sector globally. It comprises of 

four different sub sectors - housing, retail, hospitality, and commercial. The main drivers behind 

its growth include rapid urbanisation, rising household income, emergence of nuclear families, 

and government policies and legislation. It is the second-highest employment generator, after 

the agriculture in India. Currently, it is contributing about 6-7% to the country's total Gross 

Domestic Product (GDP). According to India Brand Equity Foundation (IBEF) report, the real 

estate sector in India is projected to have a market size of $1 trillion by the year 2030 and 

thereby contribute almost 13% to the country's national income by the year 2025. The projected 

growth of real estate market in 2040 will Rs. 65,000 crore as compared to Rs. 12,000 crore in 

the year 2019.  

In 2013, real estate sector alone provides over 40 million jobs to the people, and expected to 

employ over 67 million workforces by the year 2022 as per projections. Around 90 per cent of 

the people working in the construction and real estate sector are involved in the construction of 

buildings, whereas the rest 10 per cent employees are engaged in building completion, finishing, 

plumbing, electrical, installation services, site preparation and demolition works. 

The above statistics shows the potential growth of real estate sector. But, due to certain reasons 

this particular sector experience the decreasing rate of growth since last half decade. It basically 

includes factors like economic slowdown, industry constraints and frequent changes in 

regulating policies by the government. In fact, performance of any sector depends on number 

of internal and external factors. Many times, a sector may perform very well due to internal 

strengths and policies. This paper attempts to assess the performance of the sectors and its debt 

structure.   

Keywords: Empirical study; financial performance; Real estate sector; India 
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2. Research Objective  

In financial studies, lot of efforts have been made to asses the impact of use of debt on the 

performance of the individual firms or specific sectors.  The following are the objectives of the 

research: 

• To assess the association between debt structure and firm performance of real estate sector 

• To assess the impact of debt structure on the firm performance in real estate sector  

3. Literature Review 

i. Shyam-Sunder and Myers (1999) observed a positive correction between profits and 

borrowings but did not agree with the finding of the others researchers’ like (Ebel Ezeoha, 

2008; Rajan and Zingales, 1995; Titman and Wessels, 1988) which had shown an inverse 

linkage between earnings and debt financing. 

ii.  Akinlo and Asaolu (2012) in their study had supported that earnings are inversely related 

with borrowings for firms in Nigeria; with the increase in borrowings, earnings capacity of 

firms decreased and vice versa. Though, for some industries, it had shown different findings 

indicating that their earnings increase as borrowings decline. 

iii.  Akinlo and Asaolu (2012) and Hamid et al. (2017) in their study had concluded that it is the 

current debt commitments, rather than non-current obligations, which rise the chances of 

firms being closed. However, the companies which rely heavily on such commitments will 

not impact their profits.  

4. Research Methodology 

In this research paper, top 32 real estate companies (based on market capitalisation) operating 

in India has been considered and the impact of debt financing has been examined on the 

performance of the firms in the sector.  Firms performance is measured with the help of four 

key financial variables like, return on equity, return on assets, internal growth rate and 

sustainable growth.  Debt position has been measured by different debt indicators like debt to 

total assets ratio, debt equity ratio, loan size, times interest ratio and current ratio.  The null and 

alternatives hypothesis of the study is as below:  

H0: There is no significance impact of debt position on the performance of the sample 

companies. 

H1: There is a significant impact of debt position on the performance of the sample companies. 
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5. Discussion and Findings 

Data has been collected from the prowess database.  Analysis has been carried out using 

descriptive statistics and multiple regression analysis.   In the analysis, it is observed that the 

independent variables like debt to total assets ratio, debt equity ratio, loan size, times interest 

ratio and current ratio has significantly influenced the performance of the real estate firms in 

India.  

6. Result Implication  

Borrowing has a very significant impact on the performance of firm in any sector.  It can be 

used to increase earning of equity shareholders or it can have a negative impact on the long-

term survival of a firm if it becomes too much debt ridden.  The paper investigates the linkage 

between the debt structure and firm’s performance in real estate sector in India.   
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Abstract 

By 2030, 193 countries across the globe have targeted to achieve Sustainable Development 

Goals (SDG) at national levels. Priorities of the government and development policies have 

these countries were refined to address the SDG framework. There were 17 SDGs identified in 

different areas under the SDG framework. The present paper aims to present the current status 

of the SDG no. 7 i.e. Affordable and Clean Energy in the Indian context. Large part of the paper 

presentation is referred from the secondary data and from government weblinks which are used 

to analyse the current status of what India had been able to achieve till date. The findings suggest 

that India has set into action and is committed to achieve the targeted goals by 2030; however, 

the challenges are many. The paper is likely to bring wholesome understanding of the challenges 

that India is facing while achieving the targets set in the SDG and particularly in the SDG no. 7 

i.e. Affordable and Clean Energy in the Indian context. 

Keywords: Sustainable Development Goals; Affordable and Clean Energy; Renewable 

Energy; Energy Generation. 
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Abstract 

1. Introduction   

To fulfil the expanding needs of the Indian economy, significant public and private investments 

would be required in a number of infrastructure areas. In order to make sure that projects are 

completed successfully, quickly, and under budget, the public sector must continue to play a 

pivotal role in infrastructure development. Different divisions and undertakings of the Central 

Government and State Governments have managed to complete construction projects utilizing 

conventional item rate contracts, in which the Government provides the comprehensive design 

and the estimates of quantities for specific items of work. Payments are provided to the 

Contractor in accordance with measurements of the work completed in relation to each item. 

Item rate contracts have a history of excessive time and expense overruns, as well as recurrent 

disputes involving significant claims. Inadequate project planning and estimation, as well as the 

government's allocation of many construction risks, are some of the causes for the poor 

performance of item rate contracts.  

As per recommendations of various authorities such as NITI Aayog, MOSPI, EY, CIDC, and 

FIDIC which suggests adopting the EPC/DB Contract system in all projects worth more than 

100 cr. and whenever practical, substitute EPC/DB Contracts for item rate contracts. The way 

the industry is organized shows that it is completely dependent on traditional procurement 

methods, which is why most projects run over budget and schedule. 

Keywords: Engineering procurement & construction, Design-Build, Selection criteria, 

Prequalification Criteria 

2. Research Objective(s)  

To carry out a systematic literature review on design-build project delivery systems.  
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3. Brief Literature Review   

The multi-criterion feature selection technique has been explored in this literature, and 

researchers have also studied the construction contractor evaluation. The majority of these 

studies were designed for conventional DB project delivery method, assuming that the design 

is finalised and construction firms are making an offer on a finished design. On the other hand, 

in DB bidding occurs at an initial stage, and assessment of Design Build teams are assessed on 

their ability to accomplish the task. Nevertheless, depending on the nature of the project, the 

contractor selection criteria used for DB projects may be quite similar to those used for DBB 

projects. The right approach to choose a Design Build team for government works projects is 

to consider taking quality, price & cost into consideration during the procedure of selection. 

The various selection criteria are determined by the client firm's specifications for the given 

project, and researches have narrowed down the most prevalent project success criteria. 

Granberg & Ellicott identified three most usual DB contract award approaches for 

transportation projects: Adjusted score Design Build, low-bid Design Build and best-value 

Design Build. Beard et al. classified the procurement approaches for DB projects and compared 

them to help decide which one to use during the DB team selection process. They also 

documented the application of the best-value selection approach for DB projects. 

Palaneeswaran provided a framework for selection of best-value contractor, and Phipps 

described the DB selection approach for a bridge, which could be used as an example of 

particular selection techniques applied today, highlighting the legal issues associated with the 

use of a procurement process that takes into consideration various technical factors, and not just 

the lowest bid. 

4. Research Methodology  

The databases that will be selected for finding research papers are Scopus and WOS databases. 

Keywords that will be used for selecting papers are "Engineering procurement & construction" 

"Design-Build "And "Selection criteria "OR "Prequalification Criteria" and further. Criteria 

such as language, publication year, publication sources, repetitions, title, abstract screening, and 

full content analysis will be considered for screening literature.     

5. (Expected) Findings  

The most common factors that affect selection criteria for EPC/DB projects.  

Current practices and methods used in the industry for the evaluation of contractors in EPC/DB 

projects. 

6. Originality, Value, and Implication(s)  
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This can help to emphasize the importance of using a scientifically sound model to evaluate the 

selection system. Furthermore, it can aid in ensuring that the selection is unbiased and 

representative of a fair system. 
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Abstract 

1. Introduction   

Traditional construction of a building at a site takes a very long time, usually 2-5 years. For 

drastically reducing the time taken to construct a building, modular construction method can be 

adopted. Modular construction consists of manufacturing modules, such as an entire room off-

site and lifting the modules with the help of a crane and stacking them to make a building. The 

modular construction method has not been very popular in India in the past, but due to the 

consistently pressing need for speedy construction, better quality construction and reduced 

carbon footprint, this technology holds promise for the future. The maturing of digital tools such 

as BIM, simulation, block-chain etc. has drastically altered the concept of modular building, for 

example by making module design easier and improving delivery logistics. The study will try 

to investigate if the time is right to adopt this technology on a large scale, in India. 

2. Research Objectives 

To study the obstacles to the use of modular building in India in India, and to find out the factors 

that will boost the adoption of modular construction. 

3. Brief Literature Review 

According to a report by Fortune Business insights (2021), At a predicted CAGR of 6.1 percent 

from 2021 to 2028, the global market for modular construction is expected to increase from US 

$75.89 billion in 2021 to US $114.78 billion in 2028. In 2019, in Canada, Ontario’s Durham 

region decided to use modular construction method to accelerate project delivery of one 

thousand affordable housing units. Prefabricated modular construction offers higher quality 

assurance and predictability while taking less time to complete than traditional site-building. 

(Canadian Architect, 2021). Mostafa et.al (2018) did a study in Australia and the research 

provided practical insights into how to utilize Building Information Modelling (BIM) 

effectively for prefabrication in the housing sector. For modular construction, on-site assembly 

is a crucial step. Its success or failure depends on accurate information being shared across 

many stakeholders, many of whom, regrettably, frequently have information that is out of sync. 
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Blockchain has the ability to increase information sharing accuracy on building sites because 

of its decentralized consensus process  (Wu et.al 2022). Nabi and El-adaway (2020) did a study 

and found 50 elements that influence the decisions made in the building industry's diverse 

modular construction activities, one of which was BIM, Further they also found unstudied 

decision-making variables including those pertaining to legal and regulatory issues, material 

and construction waste management, green practices, as well as commissioning and testing. 

4. Research Methodology 

The study uses the mixed method of literature review and interviews with experts in the 

construction sector, such as: academicians, RCC designers, Project Managers of real estate 

companies and manufacturers of prefabricated components of buildings.  

5. Expected Findings  

The reasons for non-adoption of the modular construction method on a large scale in India and 

the conditions which will be conducive for adoption of modular construction method in India, 

in the future. 

6. Originality, Value and Implications 

The topic of modular construction is very much under-researched. The findings will be able to 

throw light on the barriers to adoptability of this excellent technology of quick construction. 

The students of Civil Engineering and the professionals of the real estate industry will benefit 

as they will be able to know the drivers for the adoption of this technology.  

Key Words: Modular construction, prefabrication, off-site construction 
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Abstract 

1. Introduction 

The use of digital tools in the construction is already in place and growing, but that mostly 

covers the design and analysis aspects. Such as the use of STAAD Pro. AutoCAD, and other 

BIM tools. The on-site project management activities such as actual vs planned progress 

monitoring, various checklists, on-site and in-lab test documentation even today in 2022 are 

done by physical visits and on paper, which in mega projects have huge impacts on the schedule, 

logistics charge, human efforts-errors, and hustle of keeping them in a safe environment. So, 

why can’t this be fully digital in doing so? The latest trend in the industry has shown a 

significant rise in the usage of various digital tools and applications to ease out many such 

works. From site management to estimation, bidding and contracts management. Many national 

and international companies have come up with solutions to ease out the process of overall 

construction project management including bidding, estimation and various other parameters 

associated with the project completion. 

2. Research Objective 

The objective of the research is to find, understand and utilise various digital platforms that are 

built for the construction domain and how can we make a significant progress in order to boost 

the use of digital tools in construction project management and its various verticals such as 

quality, safety, scheduling, monitoring, and documentation for efficient and on time project 

completion. Further with addition of various flow charts to the study the process of digital data 

documentation becomes clear. Case studies for the same will build a strong foundation and 

make them understand the need and urgent requirement of using digital platforms in the 

construction domain. 

3. Brief Literature Review 

Limitations of project planning due to absence of tools such as AI and how planning could be 

improved and an AI based application could be developed using available data. 
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It is not possible for a human safety officer to always monitor and be present on various 

locations where critical activities are being performed, but using BIM, cloud communication, 

and location based detection technology, development for a model for pre-identification of 

hazardous zones in a construction workplace is possible. 

Use of LIDAR technology for shape deformation and maintenance, now the same technology 

could be used with drones and other tools like VR to map the site area for actual vs planned 

work done via incorporating BIM model and LIDAR on the same platform. 

Development of safety decision making tools for the construction industry as it is not possible 

for humans to be able to access all the possible hazardous related to a construction activity in a 

project. By developing a decision making tool, it is possible to get an idea of the hazards 

involved in a task or overall project. 

AR and VR have potential of improving the construction doman in many ways such as site 

monitoring to project delivery. But this comes at a cost. The cost of investment and usability by 

the human resource present at site. The paper tries to categories such limitations and provide 

roadman in long and short term for improving these difficulties. 

By describing the diversity of perspectives for digital transformation of construction, this 

research complements studies on construction foresight and innovation discourses. This has 

ramifications for scholars, practitioners, and policymakers working to convert building into a 

more viable, profitable, and desirable future. 

Developing a system to access project delays and cost overruns in accordance with BIM models. 

A visual 3D interface provides in-process quality control and hand-overs among contractors, 

enables pull flows between people and information, decentralises task tracking, and encourages 

collaborative decision-making to minimise core causes of waste. 

The authors here are trying to develop an index which could indicate the degree of digitization 

that could be done for a construction project. Visualised drawings and three-dimensional (3D) 

models on sites; updated drawings, models, and system documents; created and updated work 

disposition plans; and updated time resource plans were selected, and a digitalization index 

enabling a simple assessment of the degree of digitization of construction projects was 

constructed. 

As we move towards the digital construction age we can't leave behind the procurement 

department and the current challenges it faces with respect to different levels of barriers in the 

execution of the tasks. Paper presents a survey on the barriers of adoption of electronic 

procurement systems and strategies to overcome them. 
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Documentation, on-site inspection, site safety, project planning and monitoring are some major 

events that are performed to complete a construction project. In the traditional way of doing 

these tasks, humans waste a lot of time, resources and capital. Covid helped the industry realise 

the importance of paperless-contactless works. From meetings to virtual approvals for various 

on-site tasks, made it possible for the digital word to get into the construction domain. From 

supply chain management to 3D-printing digitization of the industry is having a major impact 

on the way things are being executed in construction projects. 

Focusing on the lean principles i.e. routine checks, conflicts, tools, planning, and 

communication between different departments have helped us. But what if these lean principles 

get integrated with the digital domain and further with the construction field. Digital platforms 

will give us a win-win situation. Integration of smartphones and computers at offices for data 

integration will speed up the work in monitoring, scheduling, inspection and safety domains. 

This will decrease the overall time, cost and resource that we utilise for these activities. 

4. Research Methodology 

Various case studies associated with digital construction will be reviewed. Different cases of 

various softwares present in market their use, implementation, cost and time benefits, also by 

talking to people on site and with the managers associated with execution work. By informing 

them about the existing technology in place and recording their feedback on how they will be 

benefited with it and various plans to implement it on site with ease. This paper will have 

original data on softwares in project management, use cases and how various organisations get 

benefits through it. 

5. Expected Findings 

Excited to find various technologies for the construction domain and how they work and in 

which manner they are impacting on cost, time and overall ease of project completion. Also 

intend to get feedback from those who have never heard of technology in construction and get 

them on record for overall increased efficiency of the organisation in executing a project from 

start to end. 

6. Value and Implications 

The outcome here will help in understanding the importance of use of digital tools in the 

construction domain with respect to cost efficiency, project execution, documentation, 

scheduling, and safety. How can it adapt to the demands of national-international clients, and 

end users without hampering the time, cost and lives associated with the projects.   

Key Words: Digitization; Project Management; Site Monitoring; Construction; AR-VR; 

Applications; Safety; Quality; BIM; Drones; LIDAR. 
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Abstract 

1. Introduction 

The construction industry is the largest natural resource user, whether it’s fossil fuel or natural 

water. In the construction stage, there is extensive use of these natural resources. Humans 

recognize that natural resources are limited; so, must seek out other strategies to minimize their 

dependency on them. Buildings use energy during their operation and maintenance phases, 

which results in carbon emissions. Carbon emissions, as we all know, are the primary source of 

greenhouse gases. Global warming, ozone depletion, and other issues are caused by these 

greenhouse gases. 

A 'green' building is one that, by its design, construction, or operation, reduces or eliminates 

negative effects on our climate and natural surroundings while also having the potential to create 

positive ones. Green buildings help to protect the environment while also improving our quality 

of life. The notion of green buildings was born out of rapid industrialization, infrastructural 

expansion, population growth, increased carbon emissions, and the depletion of natural 

resources. Green buildings are growing rapidly since traditional construction uses a lot of 

natural resources, energy, and materials, which leads to higher expenses throughout the 

construction and operation phases. The goal of the project is to decrease these disadvantages by 

building in a sustainable manner. A conventional building is converted into a green building by 

replacing sustainable building materials and adding rooftop building-integrated photovoltaics. 

There are many important features of green buildings like Energy Efficiency, Water Efficiency, 

Material Efficiency, Design Efficiency, Waste Reduction, etc. 

With the rise in green building certifications, the quantity surveyor must be well-versed in the 

latest and most cutting-edge technology that is being used in green construction. To incorporate 

the ideals of sustainability into buildings, changes are made to the layout, procurement, and 
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control systems. Industry experts should be capable of switching from traditional design and 

construction strategies to the new approach for green building development and sustainability 

strategy development under difficult scenarios. Quantity surveyors who deal with cost issues 

can assess construction sustainability, use sustainable building materials in construction, 

employ energy-efficient devices, reduce construction waste, calculate the economic benefits of 

green buildings over their lifetimes, consult on green building rating systems, and implement 

sustainable strategies in construction. 

The placement of rooftop building-integrated photovoltaics improves the building's energy 

efficiency. They have environmental benefits since they generate direct current electricity using 

sunlight, which is a renewable source of energy. They do not use energy from non-renewable 

sources such as thermal power plants. Solar panel systems are divided into two categories: on-

grid and off-grid. The term "on-grid" refers to a solar power system that is connected to the 

utility's power grid, whereas "off-grid" refers to a system that operates independently. 

The cost of construction increases by 0.81 percent, which is minimal, and yearly energy 

generation is 8550 KWh, resulting in cost savings. The cost of construction may rise initially as 

a result of the addition of solar panels, but the cost of solar panels can be compensated over 

time by energy savings. In general, it was found that replacing sustainable building materials 

with conventional building materials saves construction costs by 3.15%. When compared to a 

typical building, installing rooftop building-integrated photovoltaics in a green building raised 

the cost by 0.81%, which can be considered minimal and recovered over time in the operational 

phase with energy savings. 

Key Words: Green Buildings; Quantity Surveying; Sustainable Materials; Building Integrated 

Photovoltaics 

2. Research Objective 

The purpose of the project is 

• To study quantity take-off parameters and rate analysis of a residential building 

• To apply methods to change over the selected conventional building into a green building.  

• Comparing rates of conventional and green buildings to study the cost parameters in both 

the cases 

• Calculating the cost required for the installation of the solar panel system in green buildings. 

3. Literature Review 

According to Shejwal Neha, et al. (2017), Green buildings are economical in terms of 

construction and life cycle resource consumption compared to conventional buildings. For a 

G+1 RCC framed structure construction using eco-friendly materials, the construction cost is 
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18.44% less compared to a building constructed with conventional building materials with an 

exception of solar power installation. The energy consumption in a green building is 20-30% 

less and water savings are 30-50% compared to a conventional building. 

AlSadi A, et al. (2019) studied green buildings cost 30% more to build than regular two-story 

structures, according to a study comparing LEED and a standard two-story building. An average 

of $11,584 per year can be saved by using solar panels for energy, a rainwater collection system, 

and energy-efficient appliances. Construction expenditures can be recovered in 15 years, and 

the benefits of green building include not only saving energy and water but also improving 

residents' quality of life. The air quality will improve, carbon emissions will decrease, non-

renewable resource use will decrease, and maintenance costs will decrease over time with the 

use of solar panels, rainwater recapture systems, energy-efficient appliances, and vegetated 

roofs. 

Brajesh Kumar Suman, et al. [2015] conducted an assessment of the effect of using stone dust 

instead of fine aggregate in concrete on compressive strength. Stone dust was collected from 

local stone crushing units and determined to be zone II of IS 383-1997. The results of the fine 

modulus and specific gravity calculations are 2.85 and 2.4, respectively. The fine aggregate's 

fine modulus and specific gravity were 2.76 and 2.3, respectively. Taking into account the M25 

grade, the percentage is taken was 1:1.54:3, as well as the water-cement ratio. According to 

requirements, the replacement ratio was 40:60, and a total of 84 nominal-size specimens were 

cast for this study. The first 18 specimens were used in the mix design calculation, while the 

remaining 66 were used to substitute stone dust percent. Various percentages of replacement, 

ranging from 0% to 100%, have been used, yielding a variety of results. With an increase in the 

replacement percentage of stone dust, the compressive strength at 28 days of curing increased. 

When the strength was 50%, it was the same as 0%, but when it was 100%, it was signed up for 

28 days of curing. This shows that stone dust can be replaced largely or completely with 

satisfactory results and that it should be used instead of fine aggregate. 

Fathei Ramadan salehlamein, et al. [2015] when studying recycled coarse aggregate had found 

out that specific gravity and apparent specific gravity have requirable results in normal concrete 

aggregate than in recycled concrete aggregate but the value of absorption and loss of angle was 

higher in RCA than NCA. The experiments have been batchwise and the results showed that a 

maximum of 35% RCA can be replaced and more than that would lead to the slightest decrease 

in strengths. 35% of RCA will make a lot of reducers in pollution as the pace of construction is 

speeding up with technology these days. 
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4. Research Methodology 

Figure 3.1 - Methodology Flow Chart 

 

 

 

 

 

 

 

 

 

5. Expected Findings 

Materials like recycled concrete aggregates of 25% replacement, stone dust, and fly ash bricks 

were used to replace conventional concrete with 100% natural aggregates, natural sand in 

mortar, and non-modular bricks to study the change in cost parameters in the construction of 

the building. 

By using sustainable building materials, we can reduce the overall cost, carbon emissions, 

embodied energy, ecological footprint, and dependency on natural resources because these 

materials are either industrial residue or recycled from construction and demolition waste. 

6. Implications 

Using recycled materials like fly ash bricks, recycled concrete aggregate, and stone dust for 

construction reduces the cost of this G+2 residential building. 

Replacing 25% of recycled aggregates both coarse aggregate and fine aggregate in concrete and 

stone dust in cement mortar doesn’t affect the strength. 

By installing the solar panels considering subsidiaries from the government and sustainable 

building materials the cost of the construction. 

Initially, the construction cost may increase with the addition of solar panels, but over some 

time, the amount invested in solar panels can be covered with energy savings. 
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Abstract 

Energy is found to be one of fundamental requirement to have economic growth with respect 

to productivity, livelihoods, provision and consumption in cities is critical. Energy available in 

many forms in the nature. Energy development is classified in to non-renewable energy and 

renewable or sustainable energy.  One third of global greenhouse gas emission has been found 

to contributed by coal, oil, and natural gas, which is a source of electricity generation. Cleaner 

and reliable electricity required to be generated and supplied in the interest of  elevation of 

standards of people. As per the report published by World Resource Institute during 2017, India 

held responsible for global carbon emissions by 6.65% out of total global carbon emissions and 

ranked fourth in order, where as China, USA, European Union (EU) stands with 26.83%, 

14.36%, 9.66% respectively. Hence, it is required to have sustainable energy development and 

transmission. International Energy Agency (IEA) has defined “Sustainable Energy 

Development (SED) as that lasts and issupported by an economically profitable, socially 

responsive and environmentallyresponsible energy sector with a global, long-term vision”. SED 

is an approach where in the resources will remain for future generation in future course of time 

and at the same time the required energy shall be produced and consumed to the need of the 

people and projects. The enhance access to  secured energy and to have minimal impact of 

climate change with respect to electrical power generation, India may require to deploy the  

renewable energy policy. As on today our electrical energy requirementhas been supported by 

producing the energy by non-renewable sources, like coal, biomass, diesel etc., The reliable 

non-renewable source for producing the energy is coal. Nearly 70% of the energy requirement 

met by producing through the thermal power plant operation. The coal has been extracted either 

from open cast or undergroundmines.  Quality of mined coal and quantity of coal available in 

India is influencing India to depend on coal imports from the other countries. The other mode 

of power generation is hydro power, which may attract huge expenditure, people relocation, 

disturbance in ecology etc., The quantum of power generation depends on available of water in 

reservoir as well as rains.Ministry of New and Renewable Energy (MNRE) initiated to develop 

small hydro power projects. MNRE is encouraging the small hydro power plants (SHP) across 
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India, especially in hilly areas (i.e. States) and also the micro power plants to serve the needs of 

remote villages/areas.  Sun rays spreads over India's land area, solar energy shall be harnessed 

by installing the solar photovoltaics and it receives 4 kWh - 7 kWh per sq. m. per day and 

generating 5,000 trillion kWh per year energy, shall be named as solar energy. Solar energy 

shall be generated on a short lead time duration basis, the same shall be distributed over grid.  

Prevailing power generation capacity shall enhanced with the addition of solar power 

generation.  To meet electrical energy requirement of rural and urban domestic shall be met 

through off - grid decentralized solar power generation stations. The power transmission losses 

through this off grid decentralized solar power generation stations found to be minimal in 

comparison to power transmission through power grids. Sun rays is being hitting the Indian 

land over a number of hours on a day, it is advantageous to convert this solar heat in to electrical 

energy. It is being thy gift to Indian land, it is preferred to convert the heat in to electrical energy 

and the solar heat will not vanish as long the sun rays are hitting the land. National Institute of 

Solar Energy has assumed 3% of the waste land, which will have a potential of 748 GW power 

generation through solar photo voltaic modules. National Solar Mission (NSM) is aimed at to 

spread and to diffuse the solar technology across the country through well-established policy. 

In this paper it is concluded that shortfall of coal reserve and technological advancements 

leading and encouraging to solar power generation through solar park construction and 

development. The location, time of solar incidence on the land, intensity of sun light influencing 

the type of solar power park. The study of solar electrical energy is welcoming in standalone 

basis. The pollutants released in the environment during the process of manufacturing, 

transportation of photovoltaic cells and transportation is beyond this study.    

Key Words: Electrical Energy; Hydro energy; Thermal energy; Solar energy; Agrivoltaics 

/Agrophotovoltaics solar energy; Wind energy 

1. Introduction  

People on this earth has been blessed with energy in different forms, classified to renewable 

and non-renewable energies. Renewable or clean energy sources are as follows: biomass, 

geothermal resources, sunlight, water, and wind. Non-renewable energy generated out of scarce 

material available in nature and below ground level. They are being scarce cannot be replenish-

able over generation/s. Coal, petroleum, and natural gas are categorized under scarce category.  

Fossil fuels consists carbon as the main element. 

Hydropower Energy 

Hydropower energy is known clean energy and also called as renewable energy.  It is capital 

intensive in nature, hence developed based on technical, environmental and economic benefits. 
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The basic concept of this energy to convert the potential energy to kinetic energy and then to 

electrical energy (Fig.1). To have potential energy, it is required to huge water reserves, which 

may submerge wide land areas and also a dam required to be constructed. Hydro power 

electrical energy is being reliable, proven technology, high efficiency, very low operating and 

maintenance costs, and the ability to easily adjust to load changes, hydro power generation is 

recommended over years.  These reservoirs provide water supply during summer to public, acts 

as flood control mechanism and also creates a facility of recreation to community.  Water is 

being pure in nature, this resource will not lead to cause acid rain as well as green house gases. 

Hydro power generation depends on the precipitation and catchment area, which is beyond the 

control of human beings. 

Energy consumers have to fetch and convert the energy to electrical energy to put it to use in 

different forms like illuminating the dark space/s, water lifting, operation of plants and 

machinery and vehicles etc.In India the electrical power demand has been met over decades 

through either hydel or thermal power plants.The source of hydel power station has met by 

developing reservoirs through constructing dam.  The hydro power plants have been classified 

based on its power generation capacity. They are classified in to micro (100kW or below),  mini 

(101 KW - 2 MW), small hydro (2 MW - 25MW) segments. 

Ministry of New and Renewable Energy (MNRE) initiated to develop small hydro power 

projects. MNRE started to implement United Nations Development Programme (UNDP) 

Project - Financed by the Global Environment Facility (GEF) assisted technical assistance 

project entitled “Optimizing Development of Small Hydro Resources in Hilly Regions of 

India”.MNRE is encouraging the small hydro power plants (SHP) across India, especially in 

hilly areas (i.e. States) and also the micro power plants to serve the needs of remote 

villages/areas. These SHP’s shall be categorized under reliable renewable energy/power, 

pumped storage hydropower (PSH) is of its kind.  PSH are constructed to pump the water back 

to elevated water reservoir using the solar power and same water run to turbine to generate 

electrical power during peak demand. The hydro power is also generated by erecting the 

turbines in perennial river. The challenge with hydro power is about the availability of water, 

in turn it depends on the rains and number of dams constructed in the upper region/s. Hence, 

the production of electrical power is possible during the availability of sufficient water.  
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Fig.1: Schematic diagram of  Hydro Electric dam 

Thermal Power Energy 

The thermal power plants, addressed this challenge, country depends on the thermal power 

plants for electrical power, which is reliable, and to continue to be reliable the sufficient coal 

reserve to be assured in the stock yard of thermal power plants. The thermal power stations 

(Fig.2) are the source of environmental pollution in India. The gases emitted as per 

environmental pollution (2016) report in the environment are sulphur dioxide (SO2), carbon 

dioxide (CO2), oxides of nitrogen (NOx), Fine particulate matter (PM2.5) and 51%, 43%, 20%, 

7% respectively. Environment (Protection) Amendment Rules, 2015 has been developed and 

created by Ministry of Environment, Forest & Climate Change (MoEFCC).  Output per man 

shift (OMS) has been enhanced from 4.92 tonnes during 2011- 2012 to 9.09 tonnes during 2020-

2021 under Coal India Limited (CIL) and OMS has been enhanced from 3.94 tonnes during 

2011- 2012 to 5.62 tonnes during 2020-2021 under Singareni Collieries Company Limted 

(SCCL).  The coal extracted either from open cast mines or underground.  To extract the coal 

from open cast mines the waste or spoil (i.e. layers of stone or layers of soil) should be removed, 

the material to be removed shall be termed as over burden (OB) and the removal is known as 

Over burden Removal (OBR).  The process of Over burden Removal will attract heavy cost. 

The removal of OBR and extraction of mineral shall be termed as stripping activity. The ratio 

of OB to the mineral (i.e. coal) to be produced during whole project life under open cast mining 

shall be termed as standard stripping ratio. Stripping ratio across India found to be enhanced 

from 2.47 Million Tonnes during 2018-2019 to 2.81 Million Tonnes during 2020 -2021. The 

non-coking coal is graded (i.e. G-1 to G- 17) based on Gross Calorific Value (GCV).  The 

Ministry of Coal has projected on medium term coal projection for power generation during 

May 2022 is 735 MT during 2022 -2023, 810 MT during 2024-2025, 938 MT during 2027-

2028 and 1034 MT during 2029-2030.  Coal is an essential resource in producing electrical 



107 NICMAR University, Pune 
 

power generation through thermal power plant/s and India’s 70% electrical power demand has 

been met through these thermal power plants only. Quality of coal and mined quantity of coal 

is influencing India to depend on coal imports from the other countries.  

 

 

Fig.2: Schematic diagram Thermal Power production 

Wind Power Energy 

MNRE is encouraging the wind power (non-continuous and non-dispatch-able resource of 

energy) industry in India. The power generation depends on location of the wind mill (Fig.3), 

wind speed, density of air, characteristics of turbine etc.  In India the wind power energy  is 

resulted in 10,000MW.  As on 31st March 2021, it is observed that the 39.25 GW has been 

installed in India and fourth position has been captured by India with this mentioned installed 

capacity. With this installed capacity India has generated 60.149 billion units during 2020 - 

2021 calendar year. 

 

Fig.3: Schematic diagram Wind Power production 
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Solar Power Energy 

Indian’s have worshiped the sun as life -giver and also considered as best of better energy 

source. Sun rays spreads over India's land area, solar energy shall be harnessed by installing the 

solar photovoltaics (Fig.4) and it  receives 4 kWh - 7 kWh per sq. m per day and generating 

5,000 trillion kWh per year energy, shall be named as solar energy. Solar energy shall be 

generated on a short lead time duration basis, the same shall be distributed over grid.  Prevailing 

power generation capacity shall enhanced with the addition of solar power generation.  To meet 

electrical energy requirement of rural and urban domestic  shall be met through off - grid 

decentralized solar power generation stations. The power transmission losses through this off 

grid decentralized solar power generation stations found to be minimal in comparison to power 

transmission through power grids. Sun rays is being hitting the Indian land over a number of 

hours on a day, it is advantageous to convert this solar heat in to electrical energy. It is being 

thy gift to Indian land, it is preferred to convert the heat in to electrical energy and the solar heat 

will not vanish as long the sun rays are hitting the land. National Institute of Solar Energy has 

assumed 3% of the waste land, which will have a potential of 748 GW power generation through 

solar photo voltaic modules. National Solar Mission (NSM) is aimed at to spread and to diffuse 

the solar technology across the country through well established policy.  

 

Fig.4: Schematic diagram Solar Power production 

A solar park is also known photovoltaic power station/ merchant power plants which provides 

merchant power to the power grid.  Merchant power plants are meant to sell the generated power 

to competitive and spot market through power purchase agreements. The phrase "utility-scale 

solar" is sometimes used to describe this type of installation. Solar power is generated using 

photovoltaic modules, which convert light directly to electricity. Concentrating solar-thermal 

power (CSP) technology use to reflect back (Fig.5), the solar radiation on to a fluid reservoir 
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that will be convert the fluid in to steam then this steam will be diverted and directed to spin 

turbine to generate the electrical energy.  The arrangement of CSP, depends of system design. 

 

Fig.5: Schematic diagram Concentrating solar-thermal power production  

(Courtesy: Basim Belgasim) 

Floating Solar Photovoltaic (FSPV): Solar PV deployment requires wide land bank, which may 

be difficult in many cases. To overcome the land bank challenge, Floating solar PV (FSPV), 

also known as floatovoltaics (Fig.6), technology opted, it is gaining importance in the 

technology market.  FSPV has an advantage in solar PV deployment since it is not reliant on 

land availability. There are around 4,00,000 km2 of documented man-made reservoirs in the 

world, with India accounting for over 70,000 km2. This demonstrates the enormous potential 

for capturing sustainable energy sources. 

Solar PV panels constructed and placed to floated on water bodies (such as water reservoirs, 

industrial/water treatment/mining ponds, lakes and lagoons) but, firmly anchored and secured 

to earth bed to maintain stability are known as floatovoltaics. Attention to FSPV technology has 

been grown, both worldwide and in India. Hence, it is forecasted the rate of FSPV may matches 

with the ground-mounted solar PV rate. The derating factor will influence power generation, a 

increase of 1°C in photovoltaic cell panel will leads to 0.45% decrease in its efficiency. The 

derating effect shall be observed in PV cell panel mounted on land, whereas the similar effect 

cannot be observed on  floatovoltaics due to presence of water evaporation. however it depends 

on the floater design, gap between the water surface and the PV array etc. 
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Fig.6: Schematic diagram Floating Solar Photovoltaic  plant power production  

(Courtesy: https://openknowledge.worldbank.org/handle/10986/31880)  

The water evaporation loss, estimated as high as 40% across world, and its impact is amplified 

in dry and arid climates. The water evaporation loss in the nation is between 150 and 30,013cm 

per km2 per year as per the Central Water Commission (CWC) of India,.  FSPV plants shadows 

the water surface. The solar radiation intercepted from reaching to the water's surface and also 

limits the interaction of wind with the water's surface. It requires keen study to observe the 

evaporation losses.  

Complementary operation with hydroelectric power plants: India has 45GW, 16 of built 

hydroelectric generating capacity as of August 2019. Hydro power plants will generate the 

electricity during availability of desired water level in the reservoir. FSPV plants in combination 

with the hydro power plants may yield power generation throughout the year. FSPV plant 

anchoring and mooring for maintaining is challenging.  

According to Lazard's calculations, producing one megawatt-hour energy cost a conventional 

metric to evaluate electricity output is $102 from coal, where as it  is approximately $50 from 

solar power.  

Standards and technical guide lines of FSPV yet to be refined and also components to anchor 

the panels subject to location, the micro guidelines  yet to be re-established. The components 

shall withstand the harsh environmental conditions while retaining the quality over a period of 

25 years. It should not cause serious impact on local biodiversity. 

Agrivoltaics /Agrophotovoltaics:  This innovative technology will lead to allow solar electrical 

power generation, in addition to plant cultivation.  This technology will allow to develop the 

solar power, allows agriculture and reduces the surface water moisture evaporation. This 

technology allows the solar radiation to generate power and also allow the greenery to grow. 

Coexistence of solar panels and crops leads to minimal surface water moisture evaporation. The 



111 NICMAR University, Pune 
 

laws governing agrivoltaic production varying country to country.  An agrivoltaic  facility 

investor may have a variety of goals in mind, including agricultural yield optimization, crop 

quality, or simply energy generation with a couple of crops growing around the arrays. 

Agrivoltaic solar panels (Fig.7) deprive crops of light and space, but they also have a variety of 

other effects on the crops and land they cover. Water and heat are two potential consequences. 

Agrivoltaics are expected to change the microclimate for crops in both positive and negative 

ways in northern latitude climates, with no net benefit, reducing quality by increasing humidity 

and disease and necessitating a higher pesticide expenditure, but mitigating temperature 

fluctuations and thus increasing yields. 

Varying systems are projected to improve the condition of the weather conditions in nations 

with poor or inconsistent precipitation, large temperature fluctuations, and limited chances for 

artificial irrigation. A 14% - 29 % reduction in  surface water moisture dissipation was 

discovered in trials assessing evaporation levels under solar panels for shade resistant 

vegetables cucumbers and lettuce irrigated by irrigation in a California desert. Agrivoltaics 

might be utilised for agriculture or other applications where water efficiency is critical. A study 

to understand the characteristics of climatic condition under the panels was carried out. To study 

the climatic condition heat of the ground, air and crops beneath solar panels characteristics  have 

been considered and the earth and plants were discovered to have lower temperatures than the 

air beneath the panels, despite the fact that the air beneath the panels remained constant. 

 

Fig.7: Schematic diagram Floating Solar Photovoltaic  plant power production  

(Courtesy:https://link.springer.com/article/10.1007/s10098-022-02337-7) 
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2. Research Objective(s) 

The objectives of this research work is  

a. To confirm the availability of coal reserve/s in India for future power generation. 

b. To generate clean energy and reduce carbon foot prints 

c. To assess the alternate source of power generation and usage.  

3. Literature review 

Commercials and coherence of a solar PV cell depends on type of PV cell material, the PV cell 

material classified as first, second, and third generation. Concentrated solar power(CSP) 

technology use an indirect process, solar radiations are condensed  to generate searing air and 

diverted in conventional power cycle to generate the electrical power. Parabolic troughs power 

towers with dish systems and linear Fresnel reflectorsare the main CSP technologies in use and 

Solar cells performance can be characterized through current–voltage (I–V) curves, which 

determines the maximum power out put of the solar cell or spectral responsively wavelength 

curves, which explains the behaviour of currentgeneration and collection mechanisms of a PV 

cell (Muhammad Badar Hayat et.al., 2018). Solar Power Generation alone can cater more than 

60-65% of Indian power requirement (Dr. APV Appa Rao et.al.,). Depletion in natural fuels, 

uncertainty of water reserves forcing the society to look at alternative electrical power 

generation methods and there is a scope to generate the solar with no environmental, ecological 

disturbance, the transmission and distribution system can be avoided (Jai Singh Arya, Aadesh 

Kumar Arya, Sanjeev Aggarwal, 2013). Tax immunity, alluring price plans and commercial 

encouragement will lead to the maintainable progress of the nation, government of India has 

already proposed tax reduction for establishing the large - manufacturing plants for solar panels, 

lithium storage batteries, electric cars and charging facilities (Anupama Khare Saxenaa & 

Seema Saxenaa& K. Sudhakar, 2020).  Less or  minimal capital investment, reduction in energy 

bill, no-adverse impact on the environment, demonstrating a constructive legacy, peers advice 

towards solar power,  recommendations for solar power from peers, unveiling solar information 

in public domain and minimal reliance on my power company have encouraged the public in 

espousing residential solar adoption in New York (Chelsea Schelly & James C. Letzelter, 2020). 

Never ending energy has been considered to generate the electrical power, because of the 

depleting oil reserves”(Sh. Nassehzadeh Tabriz & E. Behboodi & F.Q. Aliyev, 2012). The sun 

tracker system has enhanced the power generation to a magnitude of 25% in comparison to 

conventional mechanism (João M. G. Figueiredo &, José M. G. Sá da Costa, 2008). Solar 

technology has reduced non-renewable raw energy consumption, air pollution, ecological 

environmental deterioration. Economic benefit of 352.5 thousand renminbi (i.e. RMB) over a 
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period of 25 years noted. A coal consumption limiting of 89.73 tons lead to generate 233.65 tons 

CO2 production, 6.73 tons SO2 production, 3.36 tons NOx production, and 61.02 tons smoke 

production (Xiao chun Qin .etc., 2015). The peak power output (i.e.10.34 MW) and minimum 

power (i.e. 40.83 kW) has been observed over a period of year. Maximum and minimum total 

energy generated is 1,511.003 MWh during the month of January, 950.228 MWh during the 

month of July respectively. The real time output matching with the predicted generation of 

energy modelling software (B. Shiva Kumar& K. Sudhakar, 2015). Human physiology and 

ozone layer has been impacted due to green house gasses, where as renewable energy is being 

environment friendly and also observed that the in most of the cases power generation and 

consumption in the same location (Ubaid Asad et al., July 2015).  As an experimental study to 

measure the PV potential during July 2008 - April 2009 over  an area of 100 m2 and highest 

solar radiation has been noted during May and June, this study is to setup a higher capacity 

plant over larger area (Souvik Ganguli & Sunanda Sinha 2009). To mitigate the energy crisis in 

Bangladesh solar energy has been opted as alternate source of energy and it will replace the 

consumption of fossil fuels. Here after the solar parks will be electrical power generating 

stations (Zafrin Ahmed Liza &Mohammad Rakibul Islam 2020).  

The current policy and regulatory environment is  found to have constraints/ overlaps/gaps, 

leading to solar power sector no-development. Hence, it is noted that there is no solar electrical 

power capacity addition. Technological Barriers are impeding factors in India.  Research and 

development facilities is found to be on snail pace, due to  less awareness, lack of government 

policies, poor quality and  least/no financial support. Solar power plant investors and developers 

felt that there should be a common renewable purchase obligation (RPO),  as they have noted 

there are differences in the definition of the framework for RPO. Financial assistance from 

banks found to be difficult due to no proven track record such investments and gains, as well as 

poor awareness and familiarity of solar electrical power generation (Pushpendra Kumar Singh 

Rathore etc., 2018). The Karnataka Solar Power Development Corporation Ltd. (KSPDCL) was 

successful in having the land on lease basis from local agricultural farmers. The proposed lease 

period is 25 to 35 years. The amount payable per acre is Rs.21,000/- during 2015 - 2016 and 

the total amount payable is Rs. 23 crore to Rs. 25 crore per annum.  To wash the solar 

photovoltaic panels top surface it is estimated to consume 7 crore litres water  per wash in a 

fortnight and this estimation has been worked out by Environmental Impact Assessment (EIA, 

2016). But, at this point there various different water less dust cleaning mechanism are made 

available in the technology market (Fig.8).  This lease agreement restricted moment of live 

stock from grazing due to fencing of land as well as skilled farmers could not engage themselves 
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elsewhere and also land lords going ideal, unemployed.  (S. Rajendran, 2019). An extent of land 

13,000 acres (53 km2) reserved for solar park in Pavagada taluk (Fig.9), Tumkur district, 

Karnataka. It is planned to generate 2000 MW and the estimated cost is Rs.14,800 crore. It will 

be world's biggest solar farm. 

 

Fig.8: Water less solar panel cleaning mechanism 

 

Fig.9: Solar park in Pavagada taluk, Tumkur district, Karnataka 

4. Methodology 

The study has been carried out through exploratory research and descriptive Research.  

• The Exploratory research has been carried through secondary information. The published 

articles from journals and unpublished articles uploaded on to website, to understand the 

opinions of various authors about solar power, solar power application and solar power 

parks to generate the electricity. The parameter of challenges, risks, alternatives compiled. 

• The Descriptive research has been carried out through a survey form. The survey form 

consisting a closed ended question and it was circulated to the industry professional and 

received the responses.  
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• Sources of data:  Every organization may hold huge data, which may useful once it is 

converted to information. To convert the data useful information, essential analysis  may 

required to be carried out.  

a. Primary Source of Data: The data gathered/collected by the researcher through an 

interaction, interview, surveys, experiments in the interest of finding a solution to a 

predefined problem. 

b. Secondary Source of Data: The useful data that has been extracted from available resources. 

The resources shall be publication like journals/ magazines/ articles/ white 

papers/records/census etc. Then the data is processed for mentioned purpose, shall be called 

as information. 

Types of Data : The data has been classified in to Quantitative data and Qualitative data 

a. Quantitative data: This data shall be easily interpretable. The same shall be presentable in a 

graph, charts, scatter plot for easy communication. 

b. Qualitative data: It is useful when one need express their opinion in once opinion through 

words, pictures/symbols.  

Methods of Collecting Data : The data is collected either in reaching the respondent or through 

on line mode. 

a. In person collection: The data is collected by reaching out to respondents to gather 

 information or knowledge based on the project requirements (i.e. Physical surveys, 

interviews, group discussion, etc.) 

b. Virtual Mode: The data is collected either during tele-conversation, on line survey forms.  

 
5. Findings 

Through this research work the following observations are made and they follow as: 
a. The coal reserves will not last long for electrical power generation. 

b. The Solar Power Generation alone can cater more than 60% - 65% of Indian power 

requirement. 

c. In China, the solar technology has reduced non-renewable raw energy consumption, air 

pollution, ecological environmental deterioration. Economic benefit of 352.5 thousand 

renminbi (i.e. RMB) over a period of 25 years noted. A decrease of 89.73 tons standard coal 

consumption, 233.65 tons CO2 production, 6.73 tons SO2 production, 3.36 tons NOx 

production, and 61.02 tons smoke production. 

d. Clean energy shall be produced through Solar power, agrivoltaics /agrophotovoltaics and it 

leads to reduction in carbon foot prints. 
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e. The sun tracker system has enhanced the power generation to a magnitude of 25% in 

comparison to conventional mechanism. 

6. Originality, Value and Implication(s) : 

Originality: This work carried by the publisher is of original in nature and there is no conflict 
of interest in any manner. 
Value: The value of the study outcome is that engaging the renewable sources of power 
generation will lead to no/less - pollution to the environment. 
Implications: The conclusions of this research study is as follows: 

i. Attention required to minimize/reduce the adulteration of natural environment, by reducing 

the pollutants from non-renewable source energy production. 

ii. In the interest to sustain the fossil resources, it is preferred to switch to renewable electrical 

power development like solar farm land, floating solar photovoltaic solar parks and 

agrivoltaics /agrophotovoltaics solar parks. 

iii.  Pumped storage hydropower is operated by generating the solar power at different parts of 

India as well as world. 

iv. Water requirement for cleaning photo voltaic glass panes (i.e. 7,000 to 20,000 liters per 

Kilowatt per wash), which may lead to water stress. 

v. To generate one megawatt electrical power through solar farm power parks at least five 

acres of land is the requirement. 

vi. Floating solar photovoltaic solar parks will minimize the water evaporation, hence water 

body levels will be maintained. 

vii.  Agrivoltaics /Agrophotovoltaics solar parks may lead to have decreased crop yield. 

In author's opinion it is that the pollution found to be minimized at the electrical power 
generation location only. The study of solar electrical energy is welcoming in standalone basis. 
The pollutants released in the environment during the process of manufacturing, transportation 
of photovoltaic cells and transportation is beyond this study.    
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Abstract 

1. Introduction 

The complex and indefinite nature of many construction projects necessitates effective 

stakeholder management for a successful completion of such projects. It is in fact a very crucial 

factor which affects project performance in long term.  The complex interrelationships between 

various internal and external stakeholders and their capacity to influence the project outcomes, 

is itself a cause of project complexity. The primary objective of the present study is to identify 

the key issues impacting stakeholder management in complex construction projects and 

examine the influence of stakeholder issues on the project performance. The study also aims to 

propose a systematic framework of effective practices for successful stakeholder management 

in complex projects.  The study thus attempts to contribute to the existing literature by 

enumerating the specific nature of stakeholder management approach in complex construction 

projects, its multifaceted interrelationships, conflicts arising out of wrong stakeholder 

management practices and providing a systematic solution for all these issues.  

A complex project is a project, which displays a number of such complex characteristics or 

features that make it very difficult to forecast project outcomes and to control or manage the 

project. These may include difficult site locations, unique designs, specialized buildings or 

accelerated schedule. Typically, complex projects are massive investments on infrastructure 

development initiated by the government for the strategic development of an economy and 

society as well as for elevating country’s social image. Complex construction projects often 

involve a number of stakeholders of diverse occupational and professional backgrounds having 

different levels and types of interest in the project. The complex and volatile nature of such 

projects entails effective stakeholder management strategies to achieve best project outcomes.      

Though there are a few studies available in the existing literature on stakeholder management 

for improving the processes but there is very less work carried out specifically in the area of 
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project execution and more particularly, there is a lack of specific research studies in the field 

of complex construction project execution and the stakeholder management issues in that. The 

present study tries to fill this gap in the extant literature by identifying key components of 

stakeholder management and their interrelationships for establishing effective stakeholder 

management practices in complex construction projects. 

2. Research Objectives 

1. To identify the key issues impacting stakeholder management in complex construction 

projects 

2. To examine the influence of stakeholder issues on the project performance 

3. To develop a systematic framework of effective practices for successful stakeholder 

management in complex projects. 

4. To study stakeholder power and influence in complex construction projects 

5. To identify strategies for effective stakeholder engagement and conflict management 

The present study deliberates on how the key aspects of stakeholder management and their 

interrelationships are vital for the overall performance and management of the construction 

projects.  

3. Literature Review 

The most popular definition of stakeholders as given by Freeman (1984) says, that stakeholders 

are any group or individuals who can affect or are affected by the achievement of the 

organization’s objectives. The construction projects are often sensitive to the actions and 

decisions of stakeholders. It is evident from the past research that most projects are sensitive to 

changes in the environment (Karlsen, 1998). Further, it is also observed that in case of many 

projects, difficulties and challenges are created due to the tough demands made by the clients, 

end users and public authorities during project execution. It is clear that imposing a rigid 

detailed control or ignoring the important stakeholders, both are big mistakes from project 

management point of view. Effectively managing the relationships between project’s various 

internal and external stakeholders is the most important factor in any project’s success assert 

studies done by Cleland (1986) and Jergeas et al. (2000). As per Milosevic (1989), in case of 

complex projects, the project and its stakeholders might be seen as a network with various 

interdependent nodes which transfer information, resources, and results. Stakeholders hold the 

power over the information and resources being input into the project. Jergeas et al. (2000) 

assert that stakeholders and their perception towards the project, eventually govern the success 

or a failure of any project. 
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The entire environment or a setting of a construction project is multifaceted and dynamic 

(Gilbert,1983). If stakeholder management is not done in a proper manner, unforeseen problems 

and uncertainty always arise during the project implementation. Inefficient stakeholder 

management may lead the project manager to strive hard to achieve goals that were never 

envisioned by the stakeholders (Meredith and Mantel, 2000). In many projects, there is a lack 

of strategies, plans and methods in management of stakeholders (Karlsen, 1998). Unpredictable 

outcomes are often present in a project when certain conditions are not communicated well to 

the project team members. Several stakeholder management methods and guidelines have been 

suggested by many researchers like Cleland,1986; Savage et al., 1991, Jiang, C. and Klein, 

2002; etc. to address this challenge. They have observed that the end users and clients are the 

most significant stakeholders apart from other external stakeholders like suppliers, contractors, 

consultants, labour unions, third parties, controlling organizations competitors, press, media, 

public authorities, financial institutions etc. and internal stakeholders of the project 

organisation. 

Stakeholder characteristics in any project can be classified into three major categories as per 

Tuan Son Nguyen and Sherif Mohamed (2018): stakeholder interests, stakeholder power, and 

their attitudes. It is important to understand all of these three critical issues i.e., stakeholder 

interest, power and attitudes, as if not managed well, they may create obstacles and escalate the 

complexities in construction projects. Additionally, stakeholder conflict management should 

also be considered while planning the stakeholder management strategies as disagreements 

between different stakeholders might pose a serious threat to the project outcome. 

The next important challenge in stakeholder management is, communication management, 

which serves as a major part of stakeholder management and plays a vital role in any project’s 

success. In fact, studies show that 90% of a project manager’s work is spent in communicating 

with the stakeholders only. With the definition of complex projects, we now know that it 

requires multiple stakeholders across diversified fields, who come together and become part of 

a complex project, it becomes essential to have efficient stakeholder engagement in order to 

complete a project successfully. The study done by Rajhans, K. (2018) mentions following 

major communication issues in stakeholder management: information distortion, delay in 

information, lack of communication or misunderstanding amongst vital stakeholders, internal 

conflicts amongst the project teams, conflicts between the client and contractors and lack of 

trust amongst the stakeholders. Yang et al. (2009) in their study have proposed a primary 

framework for management of stakeholder in construction projects. This framework includes 

five key factors for managing stakeholders, i.e., precondition factor (managing stakeholders 
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with social, economic, legal, environmental and ethical responsibilities), stakeholder 

identification, stakeholder assessment, decision making and continuous support. These are 

definitely the key factors in stakeholder management.  

It is evident from the literature review that though different research studies refer to different 

aspects and issues in project stakeholder management, there isn’t much work done on exploring 

challenges of stakeholder management and that too, specifically, of complex construction 

projects in Indian context. The present study attempts to address this gap in literature by 

examining stakeholder management issues in complex construction projects in India. 

4. Research Methodology 

A detail literature review based on the objectives of the study was conducted to understand the 

key issues in stakeholder management in complex construction projects. After that, based on 

the points derived from literature review and to explore the research objectives in detail, a self-

structured questionnaire was prepared. The survey questionnaire was floated to experienced 

industry professionals working in different types of complex construction projects. 

Expected Findings 

The study based on the empirical analysis of responses to the stakeholder management 

questions, attempts to examine the influence of stakeholder issues on the project performance. 

The most critical challenges related to stakeholder management in complex construction 

projects would be identified and a way forward to manage them efficiently would be pointed 

out. A systematic framework of effective stakeholder management practices and policies would 

be proposed as an outcome of the study. 

Originality, Value and Implications 

Stakeholder management is a significant factor that impacts project performance in complex 

projects. Not only internal and project team related stakeholders but many external stakeholders 

also influence each other in complex interactions. Stakeholder interrelationships are themselves 

a cause of project complexity. Complex project management has received much attention of 

researchers, project managers and other industry practitioners recently, due to an increase in the 

number of complex projects worldwide. On the other hand, many projects fail as a result of their 

complex nature and critical execution challenges. There are increasing concerns about how to 

successfully manage this project complexity, what are key challenges involved in it and how to 

overcome them systematically.  Very few studies are available addressing these issues and 

hence the present study attempts to fill this research gap in the extant literature. The results of 

the study would point out various key elements contributing towards effective stakeholder 



122 NICMAR University, Pune 
 

management in complex projects and the positive and negative impacts they might directly or 

indirectly have on the project outcome. The study would be extremely useful to industry 

practitioners working in construction projects worldwide to understand the importance and the 

challenges of stakeholder management and also to find out the ways to overcome them. 

Key Words: Complex Construction Projects; Stakeholder Management; Project Management; 

Stakeholder Influence 
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Abstract 

1. Introduction  

The construction sector is one of the most valued and vastly spread sectors globally. The 

constant demand for the infrastructure to produce various developing operations has cast the 

construction industry as a foundation for the development of each country for decades. The 

growth of the nation is directly or indirectly dependent on the growth of the construction sector. 

The construction sector provides $11 trillion per year, which is equivalent to 13% of global 

GDP. The construction sector has enormous potential, new technologies/instruments/methods 

are being introduced each day, for better working, fast results, and improved productivity as 

well as safety of workers. In the coming years, India is predicted to experience considerable 

social and economic progress. This would result in creating demand for the construction sector.  

To keep up with the increasing demand in the construction sector, experts look for ways to 

implement digital technology advances to make their jobs simpler, more efficient, and more 

streamlined.  Most people are unaware that technologies used currently by the construction 

sector were unavailable earlier; albeit there has been a growth of technologies, the construction 

business continues to operate as it did earlier due to low investment in technology upgradation. 

The construction sector is a growing concentrated market that is gradually moving from a 

physical to a digital environment and the construction sector is progressively realizing the 

immense potential of technology adaption for its future. Implementation of digital technologies 

makes it easy to tackle uncertainties and complications involved in big projects. Wearable 

devices on-site help to implement proper site monitoring as well as control of the site. 

Nowadays communication is critical, and the implementation of wearable devices/digital 

technology is breaching the challenges faced towards communicating across organizational 

layers, thus proving to be a driver of change.  
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One of the most compelling reasons for the construction industry to implement digital 

technologies is to minimize the frequency of accidents on job sites. The construction sector has 

been known as a high-risk industry with a low level of innovation. Most construction accidents 

are associated with human errors, hazardous work activities, poor supervision, defective 

equipment, and a dangerous working environment. It is observed that around 20% of accidents 

in the US happened in the construction industry, whereas in India 24% of fatal accidents 

comprise accidents related to the construction sector. However, wearable devices can mitigate 

such accidents by proper monitoring and producing a safe work environment.  

As the use of digital technology is increased, manpower monitoring, efficiency monitoring, etc 

has become easy. Observing the growth in the construction sector experts are working on 

making technology comfortable and more efficient in terms of wearing and providing more 

safety to the manpower. However, there still exists multiple hurdles towards adaption and 

implementation of digital technologies in this sector. This study thus, aims to bridge this gap 

and understand the challenges towards adaption of digital technologies through research 

objectives, as below. 

2. Research Objective 

• Study the wearable devices and their potential impact on productivity and safety 

improvement across the construction industry. 

• Investigate the benefits and barriers of implementing wearable devices in the Indian 

Construction Industry. 

• To create awareness & undertake a detailed study of wearable sensing technologies that can 

be beneficial to the construction sector from a long-term perspective as outlined. 

3. Literature Review:  

As the construction industry involves interdependent activities and every project is unique it 

creates more challenges as compared to other industries. According to Shirur, Torgal (2014), 

the challenges facing the construction industry currently are inaccessible remote sites, 

unpredictable processes, difficulty in applying automation, unforeseen conditions, difficulty in 

managing supply utilities and other resources, slow adoption of technology, complexity, 

weather, and other environmental conditions.  

Low productivity of workers is one of the main reasons for time overrun in construction 

projects. according to the survey conducted by Dixit, et.al. (2017). Five factors have the most 

impact on construction productivity which are decision making and approval delays, planning, 

logistics, supply chain, labor availability, and budget and cash flow management. Poor site 
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coordination, lack of competency, and lack of commitment are the most crucial factors affecting 

construction productivity. However, Chowdhury, Adafin & Wilkinson (2019) analysed, that 

digital technologies are isolated into three key productivity improvement functions, Cost 

Reduction Engineering, Ubiquitous Digital Access, and Whole Building Whole-of-Life 

(WBWOL) Decision Making, and Improvement Functions.  

However, Wearable sensing devices (WSDs) provide the distinct advantage of tracking and 

transforming users' information in real-time, and they can be used in continuous monitoring 

construction hazards and vital signs, which are able to provide early warning signals to workers 

with high-risk health issues. In the construction industry, some WSDs can be found in the form 

of smartwatches, wristbands, smart hard hats, safety vests, smart boots, clips, tags, and so on. 

WSDs with gyroscopes, accelerometers, and magnetometers are finding practical uses in human 

motion analysis to enhance balance control and prevent falls. (Awolusi, Nnaji and Okpala, 

2019). These WSDs can be quite beneficial on construction sites in terms of preventing fall-

related accidents. 

4. Research Methodology  

 

 

I. Literature survey from previous research papers and journals to find out the challenges 

of the Indian construction industry and the importance of digital technology in the 

construction industry to determine the problem statement.  

Literature Survey 

Data collection 
through survey 

Data analysis 

Identifying barriers 
and benefits 

Propose the 
solution 



126 NICMAR University, Pune 
 

II.  Questionnaire survey to understand the awareness about wearable devices used in the 

construction industry. Analysis of data collected through a survey. 

III.  Study of the wearable devices and their potential impact on productivity and safety 

improvement across the construction industry. 

IV.  Identifying the benefits and barriers to the implementation of wearable devices in the 

Indian construction industry. 

V. Proposal for encouraging the implementation of wearable devices in the construction 

industry. 

5. Findings: 

As the construction industry is labor intensive monitoring productivity and safety of the onsite 

workers are two main challenges. Productivity within the construction sector has only grown 

by 5% over the last 20 years as compared to 25% in other sectors; this needs to be improved. In 

India, 24% of fatal accidents comprise accidents related to the construction sector. Most 

construction accidents are associated with human errors, hazardous work activities, poor 

supervision, defective equipment, and a dangerous working environment. Most people are 

unaware of the technologies used nowadays by the construction sector which were not available 

earlier. Since there has been a growth of technologies, the construction business continues to 

operate as earlier did due to low investment in technology upgradation. As per the literature 

review, wearable sensing technologies have the potential to revolutionize occupational safety 

and health monitoring in physically demanding and hazardous environments and also can 

positively contribute to monitoring productivity. Therefore, the main objective of this study is 

to create an awareness and undertake a detailed study of wearable sensing technologies that can 

be beneficial to the construction sector from long term perspective as outlined.  

6. Originality, value and Implication: 

The construction industry has seen significant advancements in digital technology over the last 

decade. Digital technology has made things easy & more efficient. Today, one can sit back in 

the office and can monitor all the activities, manage safety hazards tactfully, and do complex 

calculations in no time without needing physical site presence; all due to adaption of digital 

technologies and these benefits and functionalities would keep advancing in times to come.  

Nowadays, wearable technology has emerged as a new concept for increasing the efficiency 

and safety of workers. Here, the basic concept is to digitalize safety equipment such as safety 

helmets, safety glasses, safety jackets, watches, etc.  
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Safety is one of the serious issues in the construction sector, as it consists of maximum 

hazardous work. Safety engineers can monitor the whole site at a time using wearable 

technology which can result in the prevention of accidents. Wearable devices such as 

smartwatches can help to monitor workers' health. While smart hard hats can help in tracking 

them & also can prevent them from sleeping partially during work. The wearable devices may 

also notify workers if they are way near or if they are entering hazardous equipment or restricted 

area.     

Wearable technology can also help in increasing workplace efficiency as it consists of GPS-

type software, which can lead to monitoring & tracking of workers. Many a time workers tend 

to take a rest or leave the site mid-work, costing terms more money & less efficiency, using 

wearable tech, and one can completely keep a track of workers & can take action accordingly. 

Also, certain wearable devices can monitor workers' posture, movement & health, resulting in 

preventing their falls/ankle-twisting by notifying them.   

As wearable technology monitor workers/employees, it can help the company in recognizing 

the strengths & weakness of individuals which can be kept in mind while giving them certain 

positions, work, etc.  

Key Words: Safety, Manpower;, Wearable Device; Construction Industry; Technology; 

Digitalisation 
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Abstract 

1. Introduction  

Ahmadabad Mumbai High Speed Rail (HSR) is the first project of its kind in India. 

Scope of this HSR project is to construct Double Track High Speed Rail connecting Mumbai 

(in state of Maharashtra) with Ahmedabad (in state of Gujarat). The total length is 508 km and 

includes 12 stations. The bullet train would operate at an upper speed limit of 320 kmph 

covering the distance of 508 km in 2 hrs and 7 minutes. 

The successful completion of this project will be a stepping stone for future development of rail 

network and infrastructure, which is expected to boost the economic growth of India and 

development of satellite towns.  

This project would drive the Indian construction industry in terms of works contracts as well as 

introduction of new technologies and construction methodologies, as one of the main objectives 

of the project is “Make in India” initiative. 

Indian Railways is trying to improve the railway infrastructure pan India & HSR projects will 

give a positive thrust to that effort moving forward. 

To ensure the completion of HSR project in stipulated timeframe, National High Speed Rail 

Corporation Limited has divided the whole work into various packages. C4 package of 237.1 

km has been awarded to Larson and Toubro (L&T).  

In this paper, study is about the new construction methodology being adopted for the first time 

in India like pre-casting and erection procedures of Full Span Box Girder and respective 

equipment resources employed for section-3 of C4 Package from Chainage -: 241.77 km to 

Chainage -: 297.027 km 
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2. Research Objective 

• This research paper focuses primarily on resource management of latest technologies and 

specialized equipments being used in casting of full span box girder. 

• Paper also discusses about various risks (uncertainties) involved in the execution of this pioneer 

project and their mitigation measures. 

3. Brief Literature Review  

Tai et. al. (2010) in their study discuss the use of precast box girder and launching of full span 

in the construction of North - South HSR project in Taiwan, where 73 % of the elevated structure 

was done using new construction techniques for full span so as to reduce the execution time 

while achieving improved construction quality. Tai et. al. have also included the project cycle 

time of precasting and erection of the box girder. 

4. Research methodology 

The paper content has been prepared based on information collected from project site specific 

visits in South Gujarat and discussions with various stakeholders involved in the project 

planning and execution. Also referred to L&T standard operating manual specific to this project.  

The sequences of activities for the civil work of full span box girder are as follows: 
1. Detailed Project Report 

2. Land Acquisition 

3. Geotechnical Investigation  

4. Piling 

5. Pile Cap 

6. Pier 

7. Pier Cap 

8. Precasting of superstructure elements like segments, full span box girder and I-girder 

9. Erection of the superstructure elements  

This research paper focuses and elaborates on above mentioned activity point no. 8 and 9 only. 
The various risks observed and controlled during Mumbai Ahmadabad HSR project execution 

are as follows: 
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Sr. No. Risk Mitigation Measures 

1.  Time duration As the project is on fast track, completion of the      work in the 

allotted time is most important. To ensure that required 

progress is achieved, proper planning is being done. To 

speed up the work, pre-casting of super structure is being 

used. During the time when foundation and sub structure 

work was getting done, precasting of super structure is 

started on war footing. To further reduce time of 

construction, instead of segmental spans, precast Full span 

box girders weighing about 1000 MT are used in majority of 

the stretches. This is the first time in India that full span 

precast box girders are being used in superstructure of 

viaduct. 

2.  Casting & Erection of 

Super structure 

Specialized equipments are being utilized for casting & 

erection of precast full spans. Specialized moulds are 

fabricated to accurately cast full span box girders in pre-

cast yards in shortest possible time. Specially fabricated 

Straddle Carriers of capacity 1100 MT are being used to 

shift precast Full span box girders from  moulds to stacking 

bed and then to erection site. Two Bridge Gantries of each 

capacity 550 MT are being used to erect first 4 spans and 

further spans will be erected using specially fabricated Over 

Head Launching Girder of 1100 MT capacity. As weight of 

girder is about 1000 MT and to avoid movement of same 

over poor load bearing Black Cotton soil, the girder is 

moved over already erected span using one of its kind 1100 

MT girder transporter. Using this new method of erection, 

time cycle for completion of one span is reduced from 7- 8 

days to 1 day. 
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3.  Land acquisition in state 

of Gujarat 

Proper co-ordination between National High Speed Rail 

Corporation Limited and Govt. of Gujarat resulted in fast land 

acquisition. Compensation was provided to the land owners. 

Moreover education was also imparted to the land owners 

about benefits of HSR. 

4.  Financing of whole 

project 

81% of the total construction cost i.e. 88,000 crore rupees  

given by Japan as aid to Government of India, which is to 

be paid over 5 decades at an attractive interest rate with 15 

years non- repayment moratorium. 

5.  Land Strata: Black cotton 

soil 

Black Cotton soil has poor load bearing capacity. To 

overcome this, instead of open foundation, pile foundation

works are in progress. Piles of diameter 1200 mm to 1500 mm

and length from 30 to 55 meters are casted for foundation

works in viaduct while for station, the pile diameter ranging 

from 1200 mm to 1800mm with depth ranging from 30 to 40 

meters have been cast. Further proper geotechnical 

investigation works are being done to avoid any

surprises/uncertainties. 

6.  Access road As most of work is being done inside fields, access to the 

site is very difficult particularly during   monsoon period. To 

overcome this challenge, proper access road using GSM, 

WMM along with geo grid are been used. 

 

 

5. Expected Findings 

This research paper highlights the new construction methodology and erection equipments used 

in the Full Span Launching Method, its management and uncertainty mitigation. 

6. Originality, value and implication(s) 

As Ahmadabad Mumbai HSR is first of its kind project in India, the various technologies and 

equipments used in this project are introduced for the first time. In terms of originality, it being 
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a pioneer project, there are new learnings during project development and how better to manage 

uncertainties during execution. 

The HSR project brings in value in terms of stimulated growth and offer many job possibilities 

and opportunities. This project is expected to cause a paradigm shift in Indian railways. HSR 

being the future benchmark for rail projects, six more high speed rail lines are in the pipeline. 

This paired with a burgeoning population that relies heavily on Indian Railways as the life line 

for public transportation, makes India a viable HSR investment market. Positive impact of HSR 

Project is that it would give the 'Make in India' initiative a significant boost. 

Key Words: Mumbai- Ahmedabad High Speed Rail; Full Span Launching Method; Specialized 

Equipments; Bullet Train India. 
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Abstract 

The excellence of construction projects is overly reliant on an efficient material management 

system. Moreover, the construction industry of India has been exacerbated by assorted material 

management issues, that further results in lack of effectiveness and inefficiency in the 

framework for managing materials. This research investigates issues that impact effective 

materials management in construction industry. It is critical for the efficient execution of a 

construction project to have the proper resources in the location at the correct moment. Primary 

data and Secondary data were collected through extensive literature review of academic books, 

research articles, reports, and online data sources, detailed interviews, case studies and 

questionnaire survey. Using these data, a comprehensive insight into material management 

issues and how to solve them within construction site is envisaged and portrayed. Various 

construction site visits were conducted and interviews were carried out with the professionals 

to identify different issues faced by them in Pune region. Hereunder are the most significant 

issues highlighted: receiving materials too soon before they are needed, inaccurate material 

takeoff from design documents and drawings, weather, burglary, theft and vandalism, material 

shortage during construction, project delay due to slow delivery materials, ineffective control 

of storage, fluctuation in price of materials, miscalculation in ordering stock on time, causing 

project delays. Findings of this research also effectively focus on the methods for improvement 

of the material management system and thereby enhancing project’s performances. 

Key Words: Material Management Issues; Construction Industry; Questionnaire Survey; 

Storage; Project Delay; Pune. 

1. Introduction  

In the construction industry, materials management has been widely comprehended as the 

managing and monitoring over all materials and supplies as well because it is demanded ahead 

of time, purchased at a cost - effective prices, and readily accessible. To achieve success in the 

project, materials planning must be effective and integrated throughout the entire organization 



134 NICMAR University, Pune 
 

so that all members emphasize the value of materials and the responsibilities of all professionals 

in regards to materials. Scheduling, quality assurance, and proper site invoice and handling are 

all necessary factors of the materials management process. The need for a Materials 

Management System (MMS) is continuing to increase and has consistently demonstrated to be 

a crucial facet of material management. Its efficient implementation can result in substantial 

financial savings as well as managing to keep projects on track. 

The Materials Management System (MMS) of construction project must always be configured 

correctly from the inception of the project to achieve 100% resource availability. During whole 

project, acquiring correct relevant information in the materials management system is essential 

for ensuring delivery of materials on time and poised for construction works. If this is not 

successfully implemented, there will be prevalent problems and issues that manifest material 

delays. Material delays can increase project costs and have a negative impact on schedule, if 

professionals confront these issues on their construction site.  

2. Objectives 

1. To identify and address issues affecting material management in construction industry at 

Pune region (i.e., Baner, Balewadi, Pashan, Hinjewadi). 

2. To understand construction firm's point of view regarding material management. 

3. To optimize and highlight proper methods of material management. 

4. To assess and review methods used in material management. 

3. Literature  Review 

This chapter provides an overview of technical research regarding various managerial issues of 

materials encountered on construction site. A few examples of researchers addressing the 

ascertainment and effectiveness for planning and controlling the materials flow are included. 

The reports cited here focus primarily on the challenges faced concerning management of 

materials on-site. Donyavi and Flanagan (2009) conducted the study of the effects of effective 

resource management in the construction industry sites. In his study, he envisaged in terms of 

procurement and delivering materials, mismatching materials with the procuring acquisitions. 

Kasim (2011) performed research on construction industry in Iran and discovered that the 

significant causes of poor efficiency are irresponsibly stored material, inappropriate storage and 

handling, improper material implementation and deliveries. Nourbakhsh et. al. (2012) primarily 

illustrated the findings of a study that investigated the information requirements for popular 

mobile operating applications for construction projects. Omran et. al. (2013) predicted an 

investigation into the difficulties influencing the efficiency of materials management in the 

construction industry of Malaysia. He emphasized the importance of using detailed operational 
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computer software that allows all persons and entities associated with construction projects to 

upgrade their relevant data for the effective delivery of material management. Wong et. al. 

(2018) investigated the need for Bim Models in construction industry for materials and 

effectiveness control in Hong Kong to enhance communication on a worksite. The conclusions 

of their study revealed that the use of BIM in material and effectiveness control was primarily 

for cost estimation, construction sequence efficiency, and the assistance of a data base. This can 

aid in identifying and resolving material and advancement control issues before construction 

begins. 

4. Research Methodology 

This research is centered on materials management issues in the construction companies in Pune 

western region. The paper uses both primary and secondary data. The study used a questionnaire 

survey for collecting the primary data for accomplishing the research objectives Data was 

gathered through questionnaires administered to professionals on construction sites. Secondary 

data is also collected, as in a research review of published journals, research papers, surveys, 

and online information sources associated with material management issues and how to rectify 

them. 

5. (Expected) Findings  

The various issues regarding materials management are expected to be identified such as 

receiving materials too soon before they are needed, inaccurate material takeoff from design 

documents and drawings, burglary, theft and vandalism, material shortage during construction, 

project delay due to slow delivery of materials, Ineffective control of storage, fluctuation in 

price of materials and miscalculation in ordering stock on time, causing project delays.  

The various methods to minimize the materials management issues are expected to be identified 

such as MRP (Material Requirement Planning), ERP (Enterprise Resource Planning), JIT (Just-

In-Time Inventory System), ABC Inventory Analysis, Codification and Inventory monitoring 

and control 

6. Originality , Value and Implications 

The work is original in trying to find a Research based systematic solution to the various 

materials Management problems faced by Pune companies. It has value for construction 

management companies in Pune in terms of efficient execution of construction projects and also 

in terms of cost reduction of project due to use of correct material management techniques. 

Every construction project comprises of large expenditure in construction materials. A major 

issue affecting the performance of construction projects is poor material management during 

site activities. The focus of this study is on material management issues in construction 
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companies in the Pune region. According to the research findings, the major issues with 

effective materials management techniques are receiving materials too soon before they are 

needed, inaccurate material takeoff from design documents and drawings, weather, burglary, 

theft and vandalism, material shortage during construction, project delay due to slow delivery 

materials, ineffective control of storage, fluctuation in price of materials, miscalculation in 

ordering stock on time, causing project delays. As per the findings, good material management 

activities significantly enhance material handling on the construction worksite, leading to 

higher productivity and effectiveness. According to the paper, efficient material management 

measures should be incorporated from the initial stage of execution of a project over all 

construction sites and by all kinds of construction industries whether it is large, medium 

or small, to facilitate rapid completion of the project and efficient and productive delivery of 

materials on site at a fair price, schedule, and quality. 
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Abstract 

1. Introduction  

Land Conflict refers to two or more parties' competing claims to land rights, resulting in a 

disagreement over the property's ownership. The existing legal system can be used to resolve 

these problems. Land disputes can take several forms, including those involving single parties, 

inheritance disputes, and those involving many parties. Individual party conflicts are usually 

used to describe boundary disputes between neighbours, whereas inheritance conflicts refer to 

a fight between siblings over a specific piece of land. Most of these disagreements are simple 

to resolve under India's current legal system. Conflicts involving multiple parties, such as group 

invasions or evictions of entire towns, are more difficult and take longer to resolve. 

These conflicts affect an estimated 78,67,833 persons in India, including 3,879,257 hectares of 

land and endangering investments worth Rs 2,549,569 crores. These conflicts affect a wide 

range of industries, including infrastructure, power, industry, and forestry. Before India, over a 

quarter of all land disputes are resolved in the Supreme Court, with land acquisition accounting 

for 30% of all disputes. Surprisingly, land/property disputes account for 66% of all civil 

proceedings in India. 

2. Research Objective 

The goal of the current research is to assess and analyse land conflicts in India across 

geographies and sectors.  

3. Brief Literature Review 

In research undertaken over time, land conflicts in India are presented and explored in great 

detail. According to one study, inadequate land administration is the leading contributor to land 

conflicts (Singh et al, 2022). Land conflicts can erupt at any moment and in any location, and 

they have become increasingly common in recent years (Wehrmann, 2008). Due to a lack of 

transparency regarding the lands acquired for developmental initiatives, protests have erupted 

for various projects across India. These protests have been fanned further by concerns such as 

inadequate compensation, resettlement, and rehabilitation of land owners in the face of land-
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grabbing methods (Bhowmick, 2013). The 1894 "Land Acquisition Act" was repealed in 2013, 

and replaced by the "Right to Fair Compensation and Transparency in Land Acquisition, 

Rehabilitation, and Resettlement Act" (RFCTLARR). According to the most recent data, 

notwithstanding the improvements enacted with the passage of this new Act, there has been no 

significant shift in the land dispute situation (Land conflict watch, 2022). 

4. Research methodology 

For this study, exploratory research was used in conjunction with secondary data from available 

database.  

5. Expected Findings 

The current study is expected to provide insight into the magnitude of land conflicts in India, as 

well as a detailed investigation of the causes that cause them. This analysis will aid in the 

creation of an appropriate public policy that will serve as a guide for dealing with and resolving 

land issues. The study identifies the industries that are more sensitive to land disputes, as well 

as the geographical areas that contribute to land conflicts in India. 

6. Originality, Value and Implication 

The study is a unique research project by the authors that contributes to the current body of 

knowledge and lays the way for macro-level solutions to land conflict challenges. It's possible 

that the study's findings will need to be forwarded to the appropriate authorities for 

implementation in land conflict cases. Recommendations must consider legal, socioeconomic, 

and cultural ramifications to resolve land conflict disputes. 

Key Words: Land Conflict; Infrastructure; Land Administration; Land Dispute; Land 

Acquisition  
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Abstract 
1. Introduction   

Product life cycle management (PLM) is defined as the process of managing product right from 

its inception, design, process, marketing, sales and supply chain information throughout its life 

cycle. In a product life cycle, many stakeholders with varying requirements and constraints 

constantly contribute in the product development manufacturing and other aspects of the 

product life cycle. People, various processes, unique business systems, technological 

requirements, and best practises favourable for product are all integrated into PLM to support 

collaborative and effective product information interchange.   

2. Research Objective  

Construction is a labour driven industry and along with labour driven nature comes various 

problems such that less labour productivity, material wastage during handling etc. Managing 

these problems with PLM so we can directly save on the total project cost. The advancement in 

execution side and minimizing the challenges faced in developing the R&D sector.  

To provide a roadmap for the Successful implementation of PLM in construction industry by 

studying and removing barriers and risks.  

3. Literature Review  

Different industries use different line of action of PLM which involve different ideologies. 

Application of PLM system helps to improve the overall quality of the end product which tends 

towards the reduction of errors and due to which the possibilities of cost saving increases. 

Training, research and development sections of the industries are also using the various trends 

of PLM systems and taking the benefits of its advancements. Product Lifecycle management 

has shown that their utility in various departments of the different industries. PLM system 

continues to be the fruitful technique of product data management and growth throughout the 

various lifecycle of the product. 

The challenges and issues with the PLM system implementation. We generally use traditional 

methods which often cause the reimplementation of activities results in ascension of cost, time 
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and resource. To improve or upgrade this system we come up with PLM (Product lifecycle 

management) which can be proved remarkable in construction industry. 

4. Research Methodology   

Mainly, the basic differences between the manufacturing and construction industries are 

discussed. In this paper, the approach followed would be qualitative. The literature available on 

the topic of product lifecycle management would be studied and summarised in detail with the 

readily applicable advantages and disadvantages. The problems after implementing PLM such 

as labour productivity, material wastage, low research and development, time constraint, quality 

are thoroughly studied.   

5. Expected Findings   

From all the available literature about PLM in manufacturing industry, this paper will enlighten 

about the ways and risk factors of implementing product lifecycle management in the 

construction industry more deeply. Also, flaws in the construction industry are studied too. In 

the whole, this paper consists of comparison of implementing PLM in manufacturing and 

construction industries differently and concurrently finding the remedies for the construction 

industry.   

6. Originality, Value and Implication   

Originality of implementing product lifecycle management concept in the construction industry 

can be equal to new itself. Thus, this paper focuses on the PLM in construction industry to 

somehow upgrade it in terms of cost, time and accuracy in construction. All the factors as 

discussed above after implementing PLM in construction industry will be focused thoroughly 

to ultimately find the end result which can add value to construction industry.  

Key Words: Product Lifecycle Management; Barriers; Idea Generation; Construction; 

Lifecycle; Management; Factors 
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Abstract 

1. Introduction 

Pavement plays a very important role in our life by making transportation easy and by saving 

our time. In general, pavement is of two type’s rigid pavement and other is flexible pavement. 

Rigid pavement is a pavement where cement is used as a binding material wherein flexible 

pavement bitumen is used as a binding material. In general, flexible pavement prefers over rigid 

pavement because flexible pavement it is easy to develop and redevelop the road for future 

needs (Mohod and Kadam, 2016) flexible pavement also requires less cost than rigid pavement 

and it can be constructed in less time and in difficult terrain whereas rigid pavement is difficult 

to reconstruct and it takes huge time to construct the rigid pavement (Mohod and Kadam, 2016). 

As it has many benefits, it has some major disadvantages too. Some of the major disadvantages 

are high maintenance cost, low life span, prone to distress, need for heavy equipment for 

compaction, and vulnerability towards weathering action. Moreover, these disadvantages are 

caused by various parameters like sudden impact, heavy rain, extreme traffic load, etc. among 

those types rainwater is the major component for damaging the pavement quality. When rain 

water falls on the surface of the pavement some part of that get percolate in ground resulting in 

less adhesion between aggregate and binder also it reduces the base and sub base quality, the 

surface water if proper drainage facility is not provided then it causes much other distress like 

skidding of vehicles by lowering the frictional resistance of the road, water clogging on the 

surface of the road, lowering visibility, etc. This all can be prevented by taking proper care of 

rainwater falling on the pavement. 

2. Research Objective(s) 

• To study the behaviour of super hydrophobic coating in flexible pavement sample. 

• To study the changes in the flexible pavement sample by avoiding water absorption with 

application of super hydrophobic coating. 

3. Brief Literature Review 
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Mohod and Kadam, (2016) in this research paper general comparison between flexible 

pavement and rigid pavement is given. In general, flexible pavement prefers over rigid 

pavement because of in flexible pavement it is easy to strengthen pavement in stages with the 

growth of traffic. Flexible pavement requires low cost. Mishra et al., (2021) this research paper 

mainly focused on the performance studies of bituminous concrete mixes using polyethylene 

Terephthalate. Due to rapid growth in human population and urbanization amount of plastic 

creation and its usage is also go increased. The majority of plastic contains polyethylene 

terephthalate (PET). So authors used this PET in various size and percentages ranging from 3% 

to 10% of bitumen content to form a BC design. Then they performed various test like Marshal 

Test, Flow Value, Indirect Tensile Strength, etc. in this they also stated some desirable 

properties of Bituminous concrete mix and stepped towards achieving it. In this research, paper 

authors have provided detailed information about material properties. Firoozifar et al., (2011) 

in this research paper author has mainly describe about the thermal properties of the bitumen. 

The author has stated that chemical composition and its main component have major impact on 

its properties. Bitumen is a thermoplastic material, at low temperature it is elastic solid in nature 

and liquid in high temperature. In this paper, authors also discussed effects of penetration index, 

penetration viscosity, and thermal stability. For this the authors first calculated the physical 

properties of bitumen which include penetration at 25oC, softening point test, Ductility at 250C, 

Flash point test, etc. by referring various ASTM codes. After performance of test, they throw 

light on determination of asphalt content by ASTM D-4124, aging of bitumen by ASTM D2872-

04. Then they calculated the properties of aged sample as well to see the changes in asphalt 

properties. The lower the PI value, the higher the bitumen temperature susceptibility. 

4. Research Methodology 

This point presents an in-depth view on steps, which are followed to check the materials and 

their qualities. It mainly includes information about materials and their material properties; it 

also includes the test, which is going to be conducted on materials to check their quality and 

standards. To determine the behaviour of superhydrophobic coating. A Thin coat of 

hydrophobic layer was applied on the surface of low intensity traffic pavement. To study the 

behaviour of coating amount of water was sprayed on the surface of pavement the detail about 

the amount of water sprayed is also given here. After determination of quality and properties of 

material, the Mix design was performed by using The Marshall method to identify the correct 

composition for the design mix for bituminous concrete. It also includes detail steps for 

identifying the properties of mix. All test mentioned below was conducted on Veermata Jijabai 

Technological Institute Transportation Laboratory Facility. 
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5. (Expected) Findings 

Super hydrophobic-coated Pavement water absorption will be reduced.  

Maintenance period of flexible pavement will be reduced. 

Service life of pavement will increase. 

6. Originality, Value and Implication(s)  

Originality: For this study, all materials were tested by using proper laboratory methods 

suggested by IS Codes. Samples were tested in the college laboratory. 

Value: for the better life of flexible pavement and decreasing maintenance cost 

Implication: The research data from this study can implied on actual flexible pavement on 

Highways and normal road to reduce the water damage to pavement. 
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Abstract 

 

1. Introduction   

95% of the construction data still goes unused, 13% of a construction manager's time is spent 

managing coordination resulting in delays (Source – PMI). 

2. Research Goals 

The goal of this study is to find a remedy for the causes of coordination delays in residential 

construction projects in India. Coordination has grown even more vital with the emergence of 

huge projects involving several partners. However, there does not appear to be enough focus 

placed on understanding and improving coordination as a critical managerial function. 

3. Literature  Study 

For data gathering, a literature review and structured interviews with stakeholders in the 

construction project were conducted. 59 reasons for delays were identified through various 

research, and after further study, 33 critical coordination tasks that contribute significantly to 

the completion of building projects were identified. Coordination activities contribute to cost 

adherence in seven key areas, according to factor analyses of responses on critical activities. 

Planning, execution, team development, documentation, resource identification, and project 

monitoring were among the topics covered. 

4. Research Methodology 

The Delphi approach was selected to conduct interviews for primary data collecting. A total of 

100 project stakeholders were identified and interviewed three times, the first time to better 

understand the problem in relation to all of them, the second time to debate a possible solution 

to the problem, and the third time to test the final solution to the problem. 

5. Research Hypothesis 

Indian construction projects have had a poor practices that lead to meeting deadlines or staying 

under budget. Poor coordination is frequently the root cause of project failure, according to a 

review of the literature and discussions with experts in the field. In the structured interviews, 

various solutions that were currently available on the market were reviewed, compared, and 
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reviews of those software's were included. Project performance indicators were essential for 

collecting and quantifying what was accomplished, by whom, at what cost, and with what 

implications for larger budgets and programs. Such insights can help with decision-making, 

generate meaningful project and business advantages across enterprises, be shared up and down 

supply chains, and build a culture of continual performance improvement. Obtaining these 

measurements had previously been complicated by complex and frequently disjointed 

approaches to data sharing. Businesses of all sizes, from small local housebuilders to giant 

multinationals, require data quality, data access, and real-time insight. 

6. Research Limitations/Implications 

Sample Size: The study is being conducted only based on 100 people representing a larger mass 

and various projects. All the stakeholders represent projects in Mumbai. Sample Profile: The 

experience of the stakeholders selected is a minimum of 15 years so that it helps to understand 

the problem better. Practical implications: Based on the findings of the study a tool – A web-

based Mobile Application will be prepared as a solution for incorporating Real-time insights 

and managing the problem of coordination. The tool intends to increase the project visibility 

and aid coordination in the construction project. A mobile application is chosen to keep it very 

easy to use and accessible throughout the time. 

Key Words:  Delays; Co-ordination; Cost; Data; Project Management 
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Abstract 
1. Introduction 

This study is an attempt to use the different indices available to assess the degree of corrosivity 

and calcite formation of groundwater samples from various construction sites in Mumbai and 

Navi Mumbai region which is in close vicinity of dumping grounds and some from other areas. 

The indices used include Langelier Saturation Index (LSI), Ryznar Stability Index (RSI), and 

Puckorius Scaling Index (PSI). for cast-in-situ piles, groundwater present there acts as curing 

water. Corrosivity of groundwater would cause materials used in underground construction to 

leach concrete from the surface. While setting up of in situ piles, shape of piles gets disturbed 

because of corrosive behaviour of water and dissolution of CaCO3 present. Highly corrosive 

water creates harmful effects on construction. So by taking these factors in consideration, the 

present study highlights role of the corrosive behaviour of water from Mumbai and Navi 

Mumbai region. 

2. Research Objective(s) 

1. To assess the corrosive behaviour of water in foundations of construction sites by using 

Langelier Saturation Index (LSI), Ryznar Stability Index (RSI) and Puckorius Scaling Index 

(PSI) in Mumbai and Navi Mumbai. 

2. To prepare spatial distribution maps using QGIS software of Mumbai and Navi Mumbai 

showing water quality in terms of corrosivity. 

3. Brief Literature Review 

(Puckorius and Brooke 1991) In this research paper comparison of different indices has been 

done for different pH, and it has been found that the PSI is a new development that supersedes 

the LSI and RSI, particularly with the new treatment programs where pH levels are above 7.5. 

(Branch and Zealand 1988) In this research paper water quality using different indices has been 

studied and it has been concluded that results obtained using the Ryznar Stability Index should, 

therefore always be checked against the predictions of one of the two saturation indices. 
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Preference should be given to the prediction of saturation indices in situations where the Ryznar 

Index predicts scaling for sub-saturated conditions. 

4. Research Methodology 

1. Sample collection 

2. Sample locations were identified and priority is given to the construction sites in the close 

vicinity of dumping grounds. 30 water samples were collected, stored and transferred to the 

lab using standard methods. 

3. Experimental work  

4. The water quality parameters such as temperature, total dissolved solids, pH, Total hardness 

and alkalinity were measured. To increase the precision, all the experiments were repeated 

three times.  

5. Analysing different corrosive Indices  

6. After the analysis of samples, the mentioned indices i.e. LSI, RSI and PSI were calculated 

using Excel software. 

7. Results  

8. Results were interpreted by comparing the indices. 

9. Conclusion  

10. Conclusions were drawn out of results of indices. 

11. Mapping  

12. Spatial distribution maps of Mumbai and Navi Mumbai were prepared for different indices 

by using QGIS software. 

5. (Expected) Findings 

1. Water quality at construction sites in Mumbai and Navi Mumbai region in terms of 

corrosion has been found. 

2. The accurate method of choosing correct index for the samples having different water 

quality has been found by using literatures. 

3. Also severity of corrosion based on indices values is interpreted.  

4. Spatial distribution maps of Mumbai and Navi Mumbai region is prepared by using QGIS 

software. 

6. Originality, Value and Implication(s) 

Originality: For this study water samples were collected from various construction sites in 

Mumbai and Navi Mumbai. Priority is given to the sites near dumping grounds such as Deonar 
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dumping ground, Mulund Dumping ground, Kanjurmarg dumping ground and Turbhe dumping 

ground. Samples were tested in the laboratory.  

Value: for the better life of construction, these results are helpful 

Implication: The water quality results which are interpreted from this study can be taken in 

consideration while doing any construction in that particular area. 
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Abstract 

1. Introduction  

The construction industry has been lagging in innovation, advancement, and adopting changes 

compared to other sectors. The continued use of traditional and outdated practices decreases 

overall efficiency and hinders growth. Access to information on-site is crucial in the 

construction industry, especially when the risk of life is maximum, but it has been neglected for 

a long time. The already established conventional method failed to produce required output in 

term construction progress management, site management and safety management.  On the 

other hand, manufacturing industry is nurturing itself with Industry 4.0, which is revolution 

fourth generation concept which efficiently integrates the internet of things (IoT), cloud 

computing, artificial intelligence (AI), and machine learning (ML). The use of advanced sensory 

devices, embedded software, and virtual reality (VR) headsets allow better data collection. Over 

the last decade, many technologies have been introduced into the industry, like Building 

Information Modelling (BIM), 3D printing, drones, VR and augmented reality (AR).  While 

VR provides completely virtual induced environment, augmented reality combines physical and 

virtual world into one environment.  

2. Research Objective 

This paper aims to establishes synergies between AR and construction industry. The present 

study also presents the enablers, driving forces, challenges, and applications of AR in 

construction industry.  

3. Literature Review 

AR is an interface that spatially aligns digital information with the user's current view of the 

physical environment. It helps deal with problems through real-time data, pre-plan the events 

that might come later and are expensive to repair, and increase overall productivity. Cost 

management in terms of real estate also gains importance here when millions of dollars are at 

stake. Based on the market, prices may go up and down, so it becomes imperative for investors 

to monitor their investments. AR provides that flexibility to both the buyers and the 

stakeholders. The other perks are better communication between different parties involved. 
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Currently, the business model that we follow is of modulation and because of that, different 

work is assigned to different parties. Without any clear communication among them, the project 

may fall into foray and mismanagement. AR help in driving up ahead of the competitors, saving 

a lot of man-hours, preventing accidental damage and life, and training the employees.  

4. Research Methodology and Approach 

Content-based analysis is adopted for reviewing the research articles and tabulating them in 

four categories, namely, (1) driving forces, (2) enablers/ (3) challenges (4) applications. The 

proposed study reviews the present literature to analyses state-of-practice methods and its 

impact on construction industry.  

5. Findings 

The article presents a systematic literature review of the last two decades' use of AR and its 

integration with the construction industry. It also is found that AR technologies play a 

significant role in digitalization, real-time monitoring, and decision-making capabilities in 

construction activities. Moreover, the study further reveals that AR integration is limited to 

developed countries, and its use is still limited due to cost expense and unskilled workforce.  

6. Originality/Value 

Reviews of articles indicated very few studies integrating AR and construction industry. 

Moreover, there are very few articles addressing challenges, implementation, and application 

issues, thus this article is an approach to provide a better understanding for the same. 

Key Words: Industry 4.0; AR; IoT; Construction; Industry; Augmented Reality 
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Abstract 

1. Introduction 

The growing importance of IoT for intelligent buildings is emphasized all over the globe.  The 

Navigant summer report 2017 estimates that the worldwide IoT market for intelligent buildings 

will exceed $22 Billion in 2026. In India also the same trend is observed and seen a 37% 

increase in the availability of intelligent buildings in the last five years (CBRE South Asia 

Report 2022)Over the past decade, across top six cities in India saw substantial growth in smart 

commercial buildings, from 24% in 2011 to 31% in 2021. Convergence of global challenges 

has heightened focus on the green and sustainable buildings.  

People's expectations of luxurious living spaces have risen steadily as the economy has grown 

and the digital age become truly global. The usage of home automation systems or smart homes 

to enhance the quality of life, increase energy efficiency, reduces maintenance costs, and ensure 

the safety of homeowners is on the upswing. A productive and cost-effective environment is 

provided by an automated-intelligent building by optimizing its four fundamental aspects – 

structure, system, services, and management – and the inter-relationships between them. They 

offer some key benefits, including reducing energy consumption, operational costs, and increase 

in productivity, and maximizing the value of the property along with comfort, convenience and 

safety. It has intelligent control systems and interconnected devices beyond the traditional 

building structure and function. The modernized sensor-embedded residence with various 

integrated systems All mechanical and digital devices can be linked together to create a 

genuinely interactive house using the most advanced information and communication 

technology (ICT) available today. It is imperative that the social implications of home 

automation take into account the diverse needs of all residents, including those with special 

needs and those with limited financial resources.  

Smart buildings can as well be transformed into green and sustainable building which will open 

the door to future settings that not only support but also enhance our current way of life. These 

buildings will function as ambient social infrastructure that connects and interacts with people 

to enhance their conditions, by providing features, services and information directly to our 
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location. With smart building architecture has advanced beyond designing structures and 

objects, to the design of systems and interactions. A future where the building's interactions 

with its residents are an opportunity to learn and improve the system is possible. Technologies 

such as Building Information Modelling (BIM) are important for determining the optimal 

design option for intelligent and sustainable buildings. BIM is essentially the creation and 

management of information throughout the building's lifecycle; this information may then be 

used to improve the building's performance.  

2. Research Objective(s) 

1. The purpose of the study is  

2. To examine the advantages of intelligent buildings vis-à-vis  investment incurred and 

calculate the cost differential between intelligent building and conventional buildings.  

3. To adopt BIM-based approach to evaluate various intelligent systems for specific 

requirements of residents. 

3. Brief Literature Review 

Research and actual implementations indicate why intelligent buildings are important for future 

built environments. Intelligent buildings can automate and digitalize living spaces and integrate 

technology facilities to improve security, health, well-being, resource performance, 

environmental impact, investment returns, operating costs, networking potentials, productivity, 

and user well-being (Ghaffarianhoseini et al., 2016). An intelligent building delivers an 

advanced building design pattern based on embedded intelligence that optimizes building 

operations in real time. Globally, building automation, embedded intelligence, and sophisticated 

complex systems are expanding, resulting in more intelligent, smart, and green buildings 

(Ghaffarianhoseini et al., 2018). However, these terms are often misused and their 

classifications are unclear. Clements (2011) discussed the future needs and benefits of smart 

buildings. By developing virtual reality scenarios, the project's design, operation, and 

connection to other systems will be more open to user feedback. BIM design tools improve 

network efficiency. Reduce the time, people, and materials needed for the project to increase its 

efficiency. According to Vishwakarma et al. (2019), internet of things (IoT) connectivity makes 

it possible to operate and manage our smart home from virtually anywhere, which is bound to 

be convenient for the house's occupant. Elderly and disabled people will also benefit from this 

approach. Users will be able to access and control their smart home. The use of BIM technology 

in green intelligent building design has the potential to increase the overall quality of the 

architectural design. As a result, BIM should be a top priority for the vast majority of design 

firms (Rui and Qianyi, 2021). Edirisinghe and Woo (2020) presented new modelling 
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methodologies for BIM to make it a more effective platform for viewing fragmented data sets 

in real-time, while also providing a model for facility managers' decision-making. Studies have 

shown that information modelling may be utilized to make intelligent construction projects 

more efficient. 

4. Research Methodology 

The methodology was derived from a clear understanding of the study's objectives. The first 

step is to identify the latest intelligent building technologies to implement and its costing. 

Further, a building was considered to implement intelligent building technologies (IBTs). The 

second step is to compare the long-term financial and energy savings of conventional and 

intelligent buildings. As a last step, calculate the cost differential between conventional and 

smart buildings.  Moreover, determining the payback period of the investment in intelligent 

building elements and how it benefits the owner and the environment was of prime importance. 

5. (Expected) Findings 

The findings largely indicate the advantages of intelligent buildings and for the construction of 

smart buildings how BIM can be used effectively.  BIM has the potential to select the intelligent 

strategies and also estimate costing of smart buildings. Utilizing various models and the 

information obtained from them, we are able to calculate the payback period and chose the 

option that is the most suitable for an environmentally sustainable building. In practice, 

technologies aid in the analysis and comparison of a variety of options by taking into account 

the particular requirements of individuals for intelligent buildings.  Prima facie, the costing is 

on higher side, however, over the long run it proves to be cost effective and offer comfortable 

life to the occupants. 

6. Originality, Value and Implication(s) 

Building information modelling (BIM) and other digital advancements can be utilized for the 

development of intelligent buildings, which will help not only high income groups but also 

those who would not be able to afford to live in luxurious homes. These buildings will help 

people save money and improve their quality of life. In addition, the identified strategies can be 

applied by taking into account the requirements of people who are elderly or have special needs. 

Keywords: Cost, Energy, Intelligent buildings, IoT, Performance, Smart homes 
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Abstract 

Man's rapid industrialization and growth of society has caused huge damage to the environment 

in the world. With any development taking place, there is some amount of environmental 

degradation. With the materials and technologies in construction industry evolving through 

ages, energy consumed in the manufacturing processes, recycling and safe disposal, natural 

resources and raw materials consumed, problems of long distance transportation, impact on 

environment, and long term sustainability requires attention. As a result, these concerns must 

be addressed in terms of potential demand, and the use of any new construction material by the 

practice of the efficiency in which buildings use resources while reducing the effect of buildings 

on human health and the environment is referred to as sustainable building or green building 

growth. This paper compares traditional construction technology with new green infrastructure 

construction technology, which has a major effect on resource conservation such as soil, water, 

electricity, air, and material, lowering overall construction costs. 

Key words: Green Building; Environment; Sustainable Construction; Eco Friendly 

1. Introduction  

This study explored awareness and perceptions of green or sustainable design in Indian 

community and construction firms. One of the question most respondents prioritized was which 

feature of green buildings is most preferred and 41% believe energy efficiency is the feature 

most preferred, 40% believe sustainable materials is the reason why green buildings are most 

preferred, 37% believe the feature most preferred is water conservation and 33% believe it is 

health and well-being. For barriers in accepting green implementation 35% of the respondents 

believe initial cost is the main barrier while 4% of the respondents feel green building 

implementations are either not worth the risk or not required. The other reasons why people are 

not willing to adapt green building concepts are lack of awareness, lack of trust in upcoming 

technology, lack of research, lack of government leaderships and funding, non- availability of 

technical consultants, lack of availability of skilled labors, dependency on weather conditions 

for energy supply, ignorance towards the benefits of green construction methods, lack of interest 

and low market demand. It is observed that green building concepts are not much popular in the 
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construction industry and stakeholders are not completely aware of the benefits from 

implementing green concepts in the buildings. 

2. Research Objectives  

1. The objectives of this case study are: 

2. To assess the green building aspects on sustainable construction. 

3. To examine the quality and productivity aspects of green construction. 

4. To study the behavioural effects of green materials on sustainable construction. 

3. Literature Review 

Arun Kumar Sharma et al did a research on “Sustainable Development by Constructing Green 

Buildings in India” By reducing, recycling, repairing, and supplementing the materials can meet 

the requirements for strength, economic viability, and nearby accessibility. Bon-Akshay 

B.Mokal et al did a research on “Green building materials – a way towards sustainable 

construction” and came to a conclusion that the maximum consumption of resources is by 

construction industry and the only solution is the green building trend of construction. Sumateja 

Reddy Vanakuru did a research on “Green Building Materials-The Way towards Sustainability” 

and concluded that structures consume a significant amount of energy, electricity, water, and 

materials on a worldwide scale.  The major goal of this article is to emphasize the growing need 

for sustainable construction in present era, as well as their relevance in green building design 

and construction. Green building materials have less negative impacts on the environment.F 

Ciner et al studied “Environmental and sustainable aspects of green building”. Their research 

focuses on the environmental and long-term sustainability of green buildings.  

4. Methodology  

A questionnaire survey was conducted to assess the level of people in the business about the 

green building idea. This type of  qualitative approach  aimed to learn more about the 

stakeholders' knowledge of the issue, such as if they have included the elements or are familiar 

with the green construction process in any manner. The level of knowledge of sustainable 

building principles was measured in terms of the financial, social, and ecological impact of 

becoming green. It was calculated the level of awareness and readiness to act by making 

essential adjustments to apply green building principles. Relevant suggestions are provided 

based on existing attitudes and information. For our secondary research, we've picked a live 

case study. A site inspection of building  was conducted and the suitable data has been collected 

in order to examine the complete green building construction process and identify the elements 

of green buildings based on the quality and productivity which is presented in detail below. 

  



157 NICMAR University, Pune 
 

5. Observations 

This study explored awareness and perceptions of green or sustainable design in Indian 

community and construction firms. The reasons why people are not willing to adapt green 

building concepts are lack of awareness, lack of trust in upcoming technology, lack of research, 

lack of government leaderships and funding, non- availability of technical consultants, lack of 

availability of skilled labors, dependency on weather conditions for energy supply, ignorance 

towards the benefits of green construction methods, lack of interest and low market demand. It 

is observed that green building concepts are not much popular in the construction industry and 

stakeholders are not completely aware of the benefits from implementing green concepts in the 

buildings. 

6. Conclusions 

A green infrastructure is the one which reduces or eliminates negative effects on our atmosphere 

and natural surroundings while also having the potential to create positive ones through its 

design, construction or service. Green structures benefit a wide range of stakeholders in 

construction industry, namely tenants and society as a whole. Green building typically combine 

exceptional air quality, abundant regular light, access to views, and noise management, all of 

which benefit building occupants, enhancing their work or living surroundings. The component 

plan and improvement productivity, energy and water proficiency, asset effectiveness, indoor 

ecological quality, and the structures overall effect on the climate are all important 

considerations. 
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Abstract 

1. Introduction  

The Growing Construction sector in Hyderabad demands a sturdy transition of various 

construction Practices towards Digitization and one part of the construction process that 

requires it more than ever is the Building Permit Approval process. A total number of 86,827 

projects that have applied for clearance in the period of last 5 years (2017-2022) and a 2D 

approval process in place for the Building Permit Approval processing or Pre-DCR has 

approved about 71,344 projects so far and there are 15,488 project that are over 80sq.m await 

approval as on date, the statistics clearly demonstrate the extent of projects that are impacted 

by the system in place. BIM based and other digitization processes are widely adopted platform 

for the Building Permit approval process and other construction activities in many countries all 

over the world which helps optimize the construction projects by reducing the cost overruns 

and time delays amongst several other features which also has a great impact on the overall 

economy of the country but In India majority of the construction related processes are 2D and 

3D is yet to be adopted though there are competitive professionals who work for projects based 

in other countries. In case of steps taken towards effective digitization by the government will 

greatly promote the other stakeholders into adopting digitization in the workflow and 

optimizing the construction projects.  

2. Research Objective(s) 

Building permit is one of the mandatory processes in the lifecycle of a construction project, and 

the research was motivated by a lack of research in this field in relation to the existing situation 

in Hyderabad. All stakeholders involved in the CRIP sector are directly affected by the building 

permit process of the city, the objective of this study is to analyse the Digitization adopted 

recently in the building permit process of the Hyderabad Authority Greater Hyderabad 

Municipal corporation. The process which was initially manual for up to five years ago was 

updated to an online CAD based submission process since 2016. Though the software has 
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undergone numerous changes since its launch the stakeholders still find it difficult to use the 

system to its full capacity for certain projects. Hence this study aims to analyse the various 

challenges being encountered in the current process and the overall evaluation of the system. 

Further aim is to summarise the required solutions though alternate digitization tools based on 

the prevalent latest technology in the building permit approval process. 

3. Brief Literature Review 

There are limited studies which focus on the digitization in Building permit processes specific 

to the Indian context. The study by World Bank Group. (2013) on the Performance Measures 

and Evaluation of Building Regulatory Systems, identify the crucial features that can evaluate 

the performance of the Building Regulatory Systems to be the code compliance, number of 

permits issued, permit review time, clearance processing time, focus on the Cost Reduction in 

the process which could be bases for evaluation, it future gives the comparison of various 

practices around the world and specified how performance of a system can be ensured. The 

study Francesca Nardoo (2021) on the Unveiling the actual progress of Digital Building Permit, 

gives on overview on the developments on Digitalization of rules and technology features, 

primarily for automating regulatory compliance assessments. It studied the various 

developments in Digitalization of Building Permit using technologies like Building information 

modelling, Geo information and the integration of them.  

4. Research Methodology 

The objective of this study is (1) To establish the feasibility of the current Building permit 

system from the perspectives of various stakeholders and evaluate its improvements over the 

previous Manual submission system (2) list the major shortcomings of the current system (3) 

Propose Suggestive solutions, BIM, and automation-based recommendations. 

The Methodology of the study would be to Analyse the impact of study and the various available 

digitized Building Permit Systems all over the world through literature study, followed by a 

case study of a project and a questionnaire survey involving all the stakeholders in the process 

and analyse the impact and drawbacks of the current system and finally summarise the current 

scenario and suggest recommendations. 

5. (Expected) Findings 

The study aims at evaluating the current Building Permit Approval system in place from the 

perspective of different stakeholders and analyse the drawbacks. The result of the study would 

be recommendations and suggestive improvements to optimize the process of Building permit 

Approval through digitalization technologies like BIM and Automation in the process. 
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6. Originality, Value, and Implication(s) 

Though being a vital part of construction there is a severe shortfall in Research on the 

digitization of the Building Approval process, a through analysis of the shortcomings of the 

system and optimization by using the latest developments as part of digitization of CRIP sector 

could lead to a systematic, accommodating, and effective Building approval process. Research 

and implementation of best practices in the Approval process could result in reduced processing 

time and resource requirement, improved efficiency of the compliance checking process, 

Streamlining the workflow of the projects and motivate more Stakeholders to take the step 

towards implementing digitization in various stages of the construction projects. 
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Abstract 

 
1. Introduction  

The growth of the urban population in India has posed challenges to effective and sustainable 

transportation. The Mass Rapid Transit (MRT) projects are being executed and operated in 

multiple cities across India as one of the primary solutions catering to the growing needs of an 

urban commute. While it directly benefits the commuters, it also acts as a catalyst for social, 

economic and land development and critically affects the urban form. Railway systems' 

technologies, designs, and controls have rapidly advanced in the past two decades. However, 

the indirect effects that the metro rail system will have on its surroundings are contextual and 

difficult to pre-determine. Therefore, the metro rail policy 2017 insists on a systems approach 

of landuse and multimodal transportation integration. The Transit-Oriented Development 

(TOD) Policy advocates intensive but controlled development of several aspects along the MRT 

corridor. As the MRT systems are infused in already developed urban structures, the TOD 

policies may have several connotations. It is necessary to determine the impact of the MRTS 

on the existing neighbourhoods and undeveloped areas along the corridor so that development 

policies such as TOD may be framed and channelised to reinforce the co-benefits to the MRTs 

system and adjoining developments. 

Key Words: Metro Rail; Impact Area; Land Use; Densification; Property Value and Prices 

2. Research Objective 

The main objective of this research is to determine the influence of the MRTs on the 

development pattern occurring around the metro stations. 

3. Literature Review 

The motive behind the literature review is to understand the land development parameters that 

may be affected by the MRTS and why they are affected. It is frequently argued that the 

convenience of travel due to MRTs makes its adjoining property attractive for all land uses and 

improves the quality of life, resulting in several changes in development patterns (Shankar, 
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2015). Karthigeyan & Chander (2020) have confirmed that density and land use intensify in the 

influence zone of the transit system. Forouhar (2016) and Debrezion, Pels, & Rietveld (2007) 

have found that around metro stations, land/property values of residential and commercial 

spaces and vacant land are differently. Wagh & Sonar (2021) have found that the influence on 

property values is least in the first 200 metres; influence increases up to 500 metres from metro 

stations. This is further associated with land use composition changes with increasing 

commercial, mixed and institutional use and increased density. Sekar S. P & Karuppannan 

(2012) have further elaborated that the redevelopment of older properties intensifies near metro 

stations. Malhotra, Rastogi, & Paul (2020) have discussed that the property prices and property 

sizes are interlinked and are influenced by the nearness to metro stations. Realtors frequently 

leverage the benefits of MRTs influence as well as increased FSI under TOD policy with 

increased investment and project launches in near MRTs corridors (Nair, 2022). There are 

several papers that have researched the relationship of these development parameters with 

ridership and usage of MRTs. Land use pattern, land densification, property size and value are 

the parameters that are adopted for further exploration in this study. 

4. Research Methodology 

The functional line of Nagpur Metro Rail was chosen as the case study for this research. 

Development around four stations were studied. Approximately 500 metres from the stations 

(walkable distance) is considered the study zone/area. Time series satellite images were 

analysed to determine the change in land cover and densification over the years before and after 

the project. Site visits were conducted to confirm the land-use changes taking place, and major 

new and redevelopment project details were collected from secondary sources. The changes 

were analysed in spatial maps. Changes in property sizes and their related price were analysed 

from property listing websites. They were then linked to property values from ready reckoner 

rates and market prices. Conclusions were drawn based on the trends observed in land use, 

density, property sizes and values. 

5. Analysis and Discussion 

Through the analysis of the spatial maps around the metro stations, it was found that the building 

density and the land uses have changed and are impacted around the stations. There is increased 

initiation of building redevelopment in already developed areas where originally small scale 

apartments and detached homes are redeveloped to be mixed-use properties and commercial 

complexes. The increased FSI under the TOD policy supports a higher build-up in the 
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redeveloping properties. Figure 1 indicates the change in land uses due to redevelopment as 

well as the change in use of existing properties. 

Some of the higher built-up commercial and retail properties, both redeveloped and new, are 

initiated by the authorities. Small cluster redevelopment with the amalgamation of smaller plots 

resulting in bigger property sizes is observed. Whereas, the sizes of reail spaces, shops and 

residential units in the new launche have reduced. There are other factors that influence 

development. For e.g., there is a surge in development around the station near the airport, but 

the intensity is far less due to development regulations around the airport. Several previously 

vacant plots are now under construction activities. 

 

Figure 2: Land use / Land Cover Change around one of the metro station 

The property prices have significantly increased, as indicated in Table 1. However, the increase 

in not as exorbitant as was implied in the literature due to the pandemic and related market 

dynamics. Also, the increase in property prices is in all types of property including residential. 

Table 2 Change in Property Prices (2015 and 2021) 

 

6. Conclusion 

Through this research it is found that metro systems have substancial effect on the development 

of the surrounding areas. Redevelopment and new development on formar vacant land is 
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observed and is supported by public policies such as TOD. While property sizes of redeveloped 

retail spaces are larger due to amalgamation under the policy, the sizes of other new launch 

properties are likely to reduce. Property prices for all typologies are likely to increase. There is 

an increased tendency towards commercialization and convertion to non-residential uses due to 

property price increase. The impact of metro rail is substancial on the real estate and 

development in its surrounding. Special efforts and policy implementation is essential to ensure 

quality of life in the surrounding neighbourhoods. 
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Abstract 

1. Introduction  

A construction contract comprises various clauses each mentioning the role of the parties to the 

contract, their duties, and responsibilities in fulfilling the obligations agreed upon at the time of 

signing the contract. One of the important obligations of a Contractor is to notify the other party 

of situations that might affect the project cost and schedules. These are termed as ‘notice 

provisions’ which help in enforcing the contract effectively. It is observed that these provisions 

are important influencing factors in resolving construction disputes.   

This study focuses on the contract notice provisions in the various clauses of the standard forms 

of contract. It will aim at promoting an understanding of the implications involved in 

misinterpreting or missing the expressly written notice provisions and facilitating improved 

contract administration.  

2. Research Objectives 

The objectives of the research are to study the various clauses of standard forms of contracts 

and identify the notice provisions in the clauses. It will further study the timelines and the 

implications of if/or not communicating these notices in the relevant situations.  The study will 

further explore case studies related to claims raised by parties and involve enforcement of notice 

provisions for their resolution. It will further develop a flow chart illustrating the events 

requiring notice provisions as a prerequisite for claims, the timelines required for 

communicating the notices by the party, and the subsequent action and decision to be taken by 

the other party. This depiction in the form of the flow chart will act as a ready reference for the 

contract administrators to avoid unfavourable consequences in the event of dispute resolution.  

3. Literature Review 

One of the important causes of project failure in the construction industry is the proliferation of 

disputes during the execution of the project (Chaphalkar And Patil, 2011). Construction projects 

are becoming more and more complex resulting in more complicated contracts. Disagreements 

and conflicts between parties to contract is inevitable due to vague, ambiguous contract 
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conditions (Sertyesilisik, 2010). For the smooth functioning of the project, the contract 

administrators have to comprehend the contract as a whole and interpret all the clauses in 

concurrence with each other (Thomas and Ellis, 2007). 

Construction contracts include procedural obligations called notice provisions. The purpose of 

the notice provision is associated with the owner’s right to be aware of the liabilities that come 

along with any changes in the construction project (Thomas et. al., 1990). To preserve this right 

contractually, the notice provision specifies the communication along with time bars, to be 

conveyed by a contactor about a given event, affecting the cost and schedule of the project. In 

a typical notice provision, a contractor is required to intimate the owner, about a circumstance 

or an event that may affect the project cost and schedule. This notification has to be given within 

a specified period of time. If an event occurs causing a delay in the project, then a contractor's 

timely notice of the incident may help the contract administrator to carry out an early and 

simultaneous evaluation of the contractor's claims and their root causes rather than a post-

incident evaluation. (Ajibade, 2009).  

If the contractor raises a claim for an extension of time (EoT) and/or compensation, as per 

contractual requirements, it is an express condition-precedent to issue a notice by the contractor. 

If the contractor fails to issue a written notice within the time limit stated in the contract, then 

he cannot claim for EoT and/or compensation (Patil and Woolhouse, 2019).   

As per Thomas et. al. (1990), the form of communication, the party to whom the notice should 

be directed, time limits, and additional procedures to be followed are the essential elements of 

a notice provision. They further observed that courts enforce these provisions during dispute 

resolution except in cases wherein the owner has waived the requirement. According to them, 

good contract administration can be promoted through a better understanding of the legal 

aspects surrounding the notice provision. 

The present study focuses on identifying the notice provisions used in the various clauses to suit 

the circumstances in which they are to be used.  

4. Methodology 

The study proposes to study the notice provisions in the various clauses of the International 

Federation of Consulting Engineers (FIDIC)- Red Book (2017), a standard form of contract 

mainly used for international projects. It will identify the events requiring the issue of notices, 

the time limit provided for issuing these notices, and the responses required by the opposite 

party for the notices issued. Further, the study will reinforce the importance of the issuance of 
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these notices through the study of case studies on dispute resolution involving notice 

requirements. 

5. Expected Outcome 

The research will result in a methodical classification of notice provisions on the basis of the 

event occurrence, along with the required time bars required for the enforcement of the claims 

raised due to the event occurrence. This analysis will be in the form of a flow chart depicting 

the event, notice requirements, parties responsible for issuing notices, the time limit for issuing 

notices, and the respondent party obligations.   

6. Value and implication(s) 

The outcome of the study will help the contract administrators to understand the notice 

provisions in the contract and oblige towards the precedent contractual provisions for 

substantiating the claims arising due to events resulting in delay and compensation. 

Key Words: Construction Contracts; Notices; Notice Provision; Dispute Resolution; 

Condition Precedents; Contract Administration; Ready Reference 
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Abstract 

1. Introduction  

The rapid advancements in the Information and Communication Technology (ICT) sector have 

opened up multiple avenues of research using data that were seldom used earlier. One such data 

type that has gained traction among researchers is the “unstructured text data,” and researchers 

are optimistic about its use to better understand the construction sector, at least in the near future 

(Ding, Jie, & Luo, 2022; Huang, Shi, Zuo, Pena-Mora, & Chen, 2021). The unstructured text 

refers to primary data in raw text, like contract documents, court case judgments, or the data 

found on construction firms' internet and web pages (like public social media conversations, 

annual reports, and vision and mission statements, among others). Unstructured text data forms, 

similar to structured data (data in the form of numbers that can be readily analysed to extract 

meaningful observations), hold vast quantities of knowledge that can be mined to derive 

meaningful inferences. However, due to the very nature of unstructured text data, which is 

subjective textual content, its exploration was limited compared to its structured data 

counterpart. With the recent advancements in Natural Language Processing (NLP)- based 

techniques and the availability of open-source coding platforms, there has been a spike in the 

research output based on NLP and related text mining techniques (F. ul Hassan, Le, & Lv, 

2021). In this study, considering the context of lean construction, the authors explore NLP-

based techniques to decipher the latent knowledge in construction contract documents. 

2. Research Objective 

The study's objective is to use an NLP-based text classification algorithm to analyse 

construction contract documents and automatically classify clauses based on predefined 

categories that aim to assess the lean-friendliness of construction contracts. In this process, the 

robustness of the NLP-based algorithms can also be assessed considering the context of techno-

legal documents like construction contracts. In the conflict and dispute-ridden construction 

sector, lean construction promises to improve work productivity and make the construction 
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projects predictable (Lichtig, 2005). However, lean implementation requires structural changes 

in how construction projects are executed, and construction contract documents play a crucial 

role in bringing about such a change (Malla, Jagannathan, & Delhi, 2022). Analysis of the extent 

to which construction documents support lean implementation can help understand the changes 

required in the drafting style of construction contracts, thereby supporting the sector with viable, 

lasting, and promising solutions. 

3. Brief Literature Review  

In a developing economy like India, the construction and infrastructure sectors are the backbone 

that fuels the growth engine. However, low productivity issues often affect the sector, leading 

to severe cost and time overruns. Over the years, researchers and practitioners have identified 

several causes for the delays and overruns and have also suggested many techniques to resolve 

them (Doloi, Sawhney, & Iyer, 2012; PMI&KPMG, 2019; Sun & Meng, 2009). However, 

public infrastructure projects can still witness an increasing trend of cost and time overruns 

(MOSPI, 2021). The COVID 19 pandemic has further exacerbated the issues. Studies have 

indicated that construction productivity is very low compared to other industries like 

manufacturing and has not shown significant improvement over many years (Forbes & Ahmed, 

2011). The observation indicates that unless the solution addresses the root of the problem, 

productivity, the problems plaguing the sector will continue (Doloi, Sawhney, Iyer, & Rentala, 

2012). The lean philosophy that has revolutionised the manufacturing sector is increasingly 

prescribed as a promising way forward. Leading construction firms that have adopted lean have 

reported their success stories about waste reduction, productivity improvement, and cycle time 

reduction (Narayanan, 2021). However, lean implementation is not automatic and requires a 

cultural shift in how construction projects are executed, wherein project stakeholders are 

expected to collaborate to realise the project objectives (Raghavan, Kalidindi, Mahalingam, 

Varghese, & Ayesha, 2014). Collaboration helps reduce non-productive and non-value-adding 

works, which in the context of lean are called “wastes,” thereby leading to productivity 

improvement (Bølviken, Rooke, & Koskela, 2014). Cultural shifts, however, are not easy, 

especially in the construction industry, where traditional non-collaborative practices 

represented by silo-based working and adversarial working styles (Gibbs, Emmitt, Lord, & 

Ruikar, 2015) are ingrained in the stakeholders.  

While cultural issues may hinder lean implementation (and therefore affect the efforts to 

minimize waste and improve productivity), researchers have identified ways to overcome such 

hindrances through contractual mechanisms by which parties are mandated to collaborate to 

improve project productivity (Gibbs et al., 2015; Jagannathan, Chowdary, & Vijayeta, 2019; 
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Malla et al., 2022). There are efforts to draft collaborative construction contracts to induce risk-

sharing behaviour amongst the parties to a contract (Jagannathan, 2017; NACG, 2015). 

Considering the efforts in this direction, the authors evaluate how construction contracts 

promote waste-reducing efforts through contracts. The greater the emphasis on waste reduction, 

the greater the contracts' 'lean-friendliness.' 
Earlier attempts to assess a contract document’s potential to affect lean implementation have 

been mainly through a manual content analysis process (Jagannathan et al., 2019). While such 

processes are a step in the right direction, NLP-based techniques can help broaden the horizon 

by including more significant volumes of data and supporting the results with stronger 

validation techniques. NLP is indeed used widely in construction management research to 

assess the quality of contract documents for its conflict-proneness and dispute potential 

(Agarwal, Jagannathan, & Delhi, 2020; Ding et al., 2022; F. U. Hassan & Le, 2020; Padhy, 

Jagannathan, & Delhi, 2021). In addition, related construction documents such as construction 

specifications (Moon, Lee, Chi, & Oh, 2021), construction schedules (Hong, Xie, Bhumbra, & 

Brilakis, 2021), building regulations (Song, Kim, & Lee, 2018) are assessed to extract 

meaningful information. However, there seems to be muted focus on using NLP-based 

techniques to assess the lean-friendliness of construction contracts, especially in the Indian 

context. A keyword-based search in the Google Scholar database did not yield significant results 

in the chosen research domain ( ‘contract,’ ‘lean,’ ‘NLP,’ ‘construction,’ ‘project’). Given the 

non-collaborative nature of the construction contracts used in the Indian context (Iyer, 

Chaphalkar, & Joshi, 2008; Subramanyan, Sawant, & Bhatt, 2012), the study is all the more 

relevant. 

4. Research Methodology 

The authors have adopted the qualitative research route, considering the research objective of 

identifying the ‘lean-friendliness’ of construction contracts. Specifically, the rule-based NLP- 

text classification research method is followed to fulfil the research objective. The input text 

corpus for the analysis will comprise contract clauses from Indian and International contract 

documents. Initially, 70% of available data will be used for training the model, wherein various 

clauses from the contract documents will be manually analysed and categorised as ‘lean-

friendly’ and ‘not lean-friendly’ based on the extent to which the clause helps in waste 

reduction. After training, the model will be tested on the remaining 30% of the data to validate 

the accuracy of text classification. The results will then be validated through a confusion matrix 

that will evaluate the accuracy, precision, recall, and the F-score of the model.  
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5. Expected Findings 

At the end of the study, it is expected to develop a model that can automatically analyse and 

assess the lean-readiness of a given clause from any standard form of the construction contract 

document.  

6. Originality, Value, and Implication(s) 

Based on the literature review conducted and to the best of the authors’ knowledge, there is no 

significant research on using NLP-based techniques to assess the lean-friendliness of 

construction contracts considering the Indian context. Therefore, the study potentially addresses 

the gap by bridging contract management and lean construction concepts through NLP. The 

research can potentially lead to two major contributions. Firstly, the NLP-based assessment 

model can help stakeholders look into the drafting quality of the contract text and improve the 

contents towards making the contract lean-friendly, thus promoting collaboration, waste 

reduction, and productivity enhancement. Secondly, the research also helps assess the 

robustness of NLP-based techniques in assessing the techno-legal documents like construction 

contracts, thereby adding to the existing body of knowledge. 

Key Words: Lean, contract, NLP, India 
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Abstract 

Prefabrication is a method of small sized and customized structural components at a factory or 

other manufacturing facility and shipping the segments to the construction site wherever it is 

located. It is one of the fastest modern strategies and considered as a optimum technique in the 

modern construction industry as it apparently saving on building expenses by reducing time, 

manpower, and material prices and also increasing rapid productivity, sustainability and eco 

friendliness. This particular segment construction industry has gained substantial popularity 

over the years and Mega infra projects such as long span bridges, flyovers, City subways and 

metro lines in particular have been adopting the Pre- cast segments in bulk quantity. The 

construction industry is going full swing for the past decade in India and urban infra projects 

like Mass rapid Transport Projects has been finding it as great boon because of its inherent 

advantages.  Various cities in India already have a functional metro rail network of about 500 

km., and over 660 km of metro rail projects spread over 15 cities are implemented and 

undergoing at various stages. Currently Kolkata, Delhi, Chennai, Bengaluru, Hyderabad, Jaipur, 

Gurgaon, Mumbai, Kochi, and Lucknow are the best examples of metro projects success. 

Nowadays the focus is mainly on elevated metro transportation system as construction of 

elevated metro requires less cost and reduces the complexities involved in tunnelling for 

underground metros. Also elevated metros require less electricity for cooling, ventilation and 

lighting, thus making them more energy efficient. In India, many cities have used elevated metro 

tracks for intra-city transit. Babu studied the metro framework in India and concluded that 

underground metro requires higher investments as compared to elevated metros. Also, elevated 

metro development has a smaller impact on the environment than underground metro 

development (Babu, 2019). These elevated tracks are made of spans which are made of smaller 

pre-fabricated RCC segments.The segments are usually of two types: span segments, and 

junction segments. These segments are casted in pre-cast yards far away from the sites outside 

the city limits and are transported to the metro sites for assembling Mendorf(1993) studied the 

segmental construction in the first ever elevated mass transit rail system in Monterrey, Mexico. 
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The 18.7 km long railway line in Monterrey used pre-cast concrete segments, pre-cast concrete 

box girders and post tensioned movable steel trusses. The study concluded that using pre-cast 

members was a cost-efficient solution for the project This study is focussed to provide baseline 

information in understanding the overall market for pre-cast segments in the metro project 

construction segment. However, the study specifically intended to determining the number of 

spans required for the elevated metro lines from various secondary and online case study 

sources. Further it leads to estimation of span segments, the manufacturing process of each type 

of the segments, and the formworks and reinforcements required to cast such segments are to 

be studied. Logistical aspects precisely a special transportation system used by suppliers to 

deliver these segments, various other elements associate in production and supply are broadly 

looked at. The costs involved in the entire process is also to be calculated and briefly discussed. 

This sort of Desk research should be useful for various stakeholders associated with pre-

fabrication industry, the metro rail project authorities and special transportation agencies. 

 Key Words: Prefabrication; Elevated Metro; Urban Transportation; Traffic Congestion and 

Precast segments 
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Abstract 

Introduction to CivitBUILD- An Innovative Cloud-bas ed Information Management 

Platform (CIMP) for Construction Industry 

In a fast-paced technology world, the construction industry has been relatively slow to embrace 

technology due to the hesitance of the stakeholders and the myriad complexities of the 

construction world. For construction organizations relying on traditional on-premises systems, 

implementing IT-supported business processes and functions can be tedious, quite time-

intensive, costly and difficult to adopt. So, digitalization becomes complex with on-premises 

implementation, while a cloud-based platform can accelerate digital transformation. This 

Industry Practitioner Write-up by SoftTech Engineers Ltd. explores the multitude of benefits 

that CivitBUILD, our Cloud-based Platform in the SaaS model, offers in terms of efficiency, 

ease of use, resilience, security, compatibility and profitability. 

In these unprecedented times, construction companies are restricted by capital crunch, time and 

cost overruns, shortage of skilled labour and supply chain bottlenecks due to dependencies on 

tedious manual processes and outdated legacy practices. According to industry insights, relying 

on a dynamic Cloud-based Construction Information Management Platform can address these 

challenges and effectively improve productivity, planning and cost savings. 

CivitBUILD can seamlessly digitalize a construction organization's functions, giving complete 

control and visibility over the business. 

Why CivitBUILD is a one-stop Construction ERP Platform?  

Today's AEC (Architecture, Engineering and Construction) organizations are required to 

comply with increasingly tighter construction budgets and timelines. As an end-to-end 

construction lifecycle management solution, CivitBUILD can help optimize business 

excellence in many ways. Powered by the cloud, CivitBUILD offers today's construction 

organizations the choice, flexibility and agility to unlock growth and opportunities. 

• Manages the end-to-end lifecycle of construction projects 
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• Seamless automation of every business functions 

• 360° visibility, intuitive insights and dynamic analytical dashboards 

• Instant approvals for Project Budgets, Project Pricing, Procurement, Payments, etc. 

• Real-time notifications and alerts to concerned authorities to take necessary actions 

• Enable real-time collaboration and management of dispersed teams 

• Smarter and faster decision making by using AI and BI 

• Minimize timelines and costs overruns 

 

 

The dynamic solution helps organizations streamline their projects, resources and financials on 

a single integrated platform by offering an array of Cloud benefits: 

• Flexibility to scale up and scale down as per your project needs 

• Robust Data Security with minimized downtime 

• Seamless multi-device usage across PCs, Tablets and Smartphones 

• Inbuilt multi-project, multi-site, multi-currency and multi-lingual features 

• Automatic upgrades as per technology advancements 
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Moreover, construction organizations can harness the power of an integration-ready and fully 

customizable solution to meet their unique business needs. By integrating Business Intelligence 

tools like Microsoft PowerBI, SAP BO and IBM's Cognos with CivitBUILD, construction 

enterprises can optimize their decision-making process in real-time. 

 

 

 

 

 

 

 

CivitBUILD is equipped with SoftTech Engineers Ltd.’s 25+ years of deep domain expertise 

and AEC industry knowledge. In a nutshell, with the power of cloud, CivitBUILD allows 

today’s construction organizations efficiently manage their projects and have better control over 

project execution, asset management, outsourced works management, monitoring project 

expenses with the budgeted amounts, inventory management and just-in-time procurements. 
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Abstract 
1. Introduction  

With the growing need of an effective information management of the complex construction 

projects, it has become very important to have digital platforms/ solutions that can efficiently 

store, manage and retrieve the critical information of the project for execution of the projects 

on real-time basis. With the advancement in the internet technology and cloud solutions, it is 

possible today to access and manage data effectively on the Cloud 24 x 7 x 365 by all 

stakeholders in the Construction industry on a Single Integrated Cloud-based Platform.  

2. Objective 

This paper has tried to study different Cloud Based platforms available today for the information 

management of Construction, Real Estate, Infrastructure and Project Management (CRIP) 

Organizations.  

The Cloud Platforms allows us to quickly access and easily store & retrieve information from 

anywhere, anytime using just an internet connection. The cloud infrastructure increases 

organization productivity, efficiency and provide robust data security, real time backups with 

minimal downtime. 

With the adaption of such platforms, the Organizations can efficiently manage their projects 

and have better control over Project Execution, Asset Management, Outsourced Works 

Management, Monitoring of Project Expenses with the Budgeted Amounts, Inventory 

Management, Just-In-Time Procurements, etc., This eventually help the Organizations to Save 

Project Cost and Time, Improve Profitability by digitisation of every function in the 

construction life cycle with -minimal IT infrastructure Cost.   

3. Literature  Review 

We are taking references of several literature papers and mentioned various ideas which some 

authors have already suggested. 

Rohit Kenge and Zafar khan (2020) Analysed the various Cloud-based Platforms for 

Information Management and its current trends in Implementation process and current trends 

in Application offerings. 
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Babel Str. (1989) Based on research agenda on the current generation of Cloud-based Platforms 

for Information Management which were developed based on a literature review on current 

problems of such systems. 

Samwel Matende and Patrick Ogao (2013) This paper reviews literature on implementation of 

Cloud-based Platforms for Information Management systems with an aim of building a case for 

involving users in this such implementation processes. 

Y Helio Yang and Nikhil Varaiya (2002) This paper conducted a survey to study on 

implementation of Cloud-based Platforms for Information Management systems and to 

investigate its contributions and concerns to an organization.  

4. Research Methodology  

The approach used in this research consisted of both quantitative and qualitative analysis of 

various construction projects to identify issues and possible solutions in the Construction 

project. This literature review made several conclusions drawn from analysis of collected real-

life construction projected data. 

5. Expected Findings  

The Expected Findings from this Literature Review are 

1. How lack of any prior knowledge in using of Cloud-Based Platform may affect adoption 

and implementation of a such system in a construction enterprise. 

2. How a user efficiency is affected in case of non-availability of site information on a real-

time basis? 

3. How collaboration among all stakeholders of the project can be achieved seamlessly on a 

Single Integrated Cloud-based Platform. 

4. How Time and Cost can be saved during the entire project life cycle with exchange of real-

time data and project status. 

5. How can we integrate various departments on a Cloud-based platform involved in 

construction projects to achieve more efficiency and fill-in the communication gap? 

6. What methods do we need to execute during Project Implementation so that Project should 

be completed on time and on budget.                                                       

6. Originality/value   

The current study is unique in its kind, focusing on the issues and challenges faced by 

organizations during implementing Cloud-based platform for Information Management in their 

construction projects. Moreover, this study contributes to understanding and further analysing 

management capabilities for developing remedial measures while planning the implementation 

of an enterprise system in their organizations prior to the occurrence of different issues and 
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challenges ahead. The study also led to understanding and explaining socio-technical issues and 

their severities. This study will extensively present how implementing best practices can help 

today’s Construction organisations maximize the value gained from a cloud-based platform for 

information management. The construction industry has been relatively slow in adoption of 

technology and this study will uniquely present that how cloud solution and service benefits can 

simplify and accelerate the embracement of technology.  

Key Words: Cloud Platforms; ERP System; AEC Industry; Construction, Real Estate; 

Infrastructure; Project Management; Implementation Process; Project Progress; 

Procurement; Inventory; Asset Management 
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Abstract 
 

1. Purpose 

Covid-19 pandemic created massive disruptions in business environment. The restrictions 

imposed by the lockdown challenged the business strategies across industries. The Indian Real 

Estate industry was no exception and found itself submerged in this shock. Prior to the 

lockdown, physical site visit was a crucial factor in purchase decision of a prospective home 

buyer. The Real Estate marketing strategies focussed on driving campaigns to attract 

prospective customers to the sites and provide them with a first-hand experience. Faced with 

the challenges imposed by the restricted movements during the pandemic, many Real Estate 

marketeers redefined their marketing strategies. Many firms adopted Virtual Reality (VR) 

technologies to drive their marketing strategies. The present study explores the effectiveness of 

VR as a marketing tool in absorbing the shock imposed by the lockdown. 

2. Research Objective(s) 

The objectives of this study are (i) to analyse the impact of Covid-19 on the performance of 

Real Estate companies in terms of net sales (ii) to explore the effectiveness of VR technologies 

as an alternate sales channel in Real Estate industry. 

3. Brief Literature Review  

The applications of VR in Real Estate marketing is a comparatively new concept. The existing 

body of literature on this subject is scanty. These digital technologies have eased information 

search and is increasingly being used as an alternative evaluation tool (Bleize and Antheunis, 

2017; Sahi, 2018). Studies with respect to consumer behaviour for strategizing the 

implementation of this technology to influence house purchase intention documents that 

pleasure and arousal emotion had significant impact on the purchase intention in a virtual 

environment (Azmi et al, 2021). The VR technologies were able to generate interest and driving 

emotions of the consumers in pre-sales markets (Juan et al. (2008). 
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4. Research Methodology 

A sample of 86 Real Estate firms were selected from 140 based on consistency of data. The 

impact of Covid-19 on the performance of the Real Estate firms was assessed based on sales 

data. To determine if there was a significant difference between the pre-Covid and post-Covid 

sales of the Real Estate firms, the data was analysed using Student’s t test.  Further, to ascertain 

if the change was due the Pandemic or any other factor, the short-term impact and long-term 

impact were studied separately. A composite scenario matrix was developed based on the 

outcomes of the short-term and long-term analysis. Firms across various categories as classified 

in the matrix were further studied for developing better insights.      

5. Expected Findings 

This study would help in identifying the impact of the shock laid down by the Covid-19 

pandemic across the Real Estate companies. Further, it would also help in assessing the 

effectiveness of adoption of VR technologies to drive Real Estate sales. This study would also 

enlist some recommendations based on findings to showcase a roadmap for Real Estate 

companies targeting digitalization of marketing campaigns using VR technologies. 

6. Originality, Value and Implication(s)  

The study integrates the concepts of virtual reality application in marketing strategies of Real 

Estate firms and highlights the effectiveness of this digital technology in challenging market 

conditions. The use of VR technologies in Real Estate sales will surely pave its way in the 

purchase decision of home buyers in the years to come and this study will help the marketing 

professionals to adopt digitalisation tools as alternate channels for driving sales. 

Key Words: Virtual Reality; Real Estate; Marketing; Disruption; Pandemic; Strategy 
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Abstract 

1. Introduction 

Amid intense competition and continuously changing business environment, it becomes 

extremely difficult for companies to maintain profitable existence. There are pressures on 

companies to deliver offerings at a market competitive price. This increases additional pressure 

on company to cut down the operational costs. Companies today strive to achieve this 

practically difficult goal by designing and executing innovative business models. One of these 

innovations is platform business model. This means business is being run using digital platform. 

This platform is a place where buyer & seller meet and exchange takes place between them. 

The platform businesses are certainly not the means of production as they don’t produce goods. 

Rather they serve as a means of connections as they connect buyers with requirements to sellers 

with offerings. The digital platform saves significant operational costs adding value to the 

customer experience. Customers get their requirements fulfilled with customised solutions 

provided by platform businesses at much lower cost. Popular and successful examples of 

platform business are Facebook, Uber, Amazon etc. 

2. Research Objectives 

The primary objective of this research is to explore and understand the extent to which 

construction businesses in India apply platform business model. The secondary objective of the 

research is to understand challenges and opportunities associated with usage of platform 

business model.  

3. Brief Literature Review 

Platform business models have become very popular among corporate because they can be 

adopted as a major competitive business strategy to create value and form an ecosystem for 

different stakeholders. The platform serves as a collection of solutions and problems belonging 

to a particular business ecosystem (Junic Kim, 2015). It creates a value exchange environment 

within the ecosystem (Stoian C.A. & Tohanean D., 2021). In short, the platform business model 

powered by new technologies have introduced better ways of running business at relatively 
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much lower cost. These platforms facilitate interactions and value exchange between different 

sides of market i.e. demand and supply side (Eckhardt et al., 2018; Parker and Van Alstyne, 

2018; Teece, 2018). 

4. Research Methodology 

Since the platform business concept is relatively newer and not much explored, exploratory 

research design will be used for this research. In particular, the case study approach will be 

used. Select construction firms in India which is currently using this business model and those 

which have immediate plans to use this business model in near future will be identified first. 

Then the kind of platform business model they use will be thoroughly analysed to achieve the 

research objectives stated above. 

5. Expected Findings 

The research is expected to explain the novel concept of platform business in first section and 

then explores the penetration of this concept in the construction industry in India. The research 

is expected to identify key challenges and opportunities associated with usage of platform 

business models in construction industry. 

6. Originality, Value and Implication 

Although it is yet to be reviewed in the present research, the preliminary evidences indicate the 

newness and uniqueness of platform business framework. This framework is not much 

penetrated, particularly in the context of construction industry in India. Analysing the possibility 

of using platform business model in construction firm will identify newer ways of doing 

business at lower cost and creating competitive advantage in order to outperform rivals. 

Key words: Platform Business; Business Model; Business Ecosystem; Competitive Advantage; 

Construction 
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Abstract 

1. Introduction 

The pandemic outbreak impacted practically every industry and altered the way business is 

normally conducted. Industries saw through business transformations to deal with the "new 

normal". In the service sector, the hotel business was impacted particularly hard. Government 

regulations pushed the hotels all around the world to take the hard decision to close down. 

Moving forward, there were some exceptions. Few chose to provide social benefit and serve the 

community during the unprecedented times by converting them into quarantine centres rather 

than completely shutting it down. This in principle also supported the hospital infrastructure 

that was running in short of hospital beds and oxygen supply. Though noteworthy, converting 

a hotel into a quarantine was a difficult task. To fulfil the government norms hotel management 

had to make lots of changes in the existing hotels in both civil and operational works (Jiang and 

Wen, 2020). The hotels had to follow the WHO guidelines, norms and standards to implement 

a number of sanitary and hygiene measures and also provide rigorous training to its employees 

to work in the new normal.  

2. Research Objective(s) 

The goal of this study was to identify the important challenges and obstacles that COVID-19 

posed to the hotel industry and to provide an objective assessment of the feasibility study for 

converting hotels into quarantine centres. As the challenge was also with respect to the 

uncertainty involved and time being crucial, it was imperative to use Building Information 

Modelling (BIM) as a tool for quick visual assessment by the hotel management team for 

optimizing the changes in the design and analysing its cost impact (Eastman et al., 2011). The 

hotel management team wanted to assess and optimize cost for the necessary changes without 

jeopardizing the hotel's ability to meet future needs. To this end, this study explored to 

understand: 

a. How can BIM support the conversion of a hotel into a quarantine centre? 



187 NICMAR University, Pune 
 

b. What are the costs involved in the conversion process? 

c. What are the challenges faced and remedial measures? 

3. Brief Literature Review 

BIM is an integrated design and construction technique that provides better quality buildings at 

optimum costs (Eastman et al., 2011). Zhao and Wang (2014) conducted studies on BIM 3D, 

4D simulation (time) and 5D cost estimation implementation in commercial projects. The study 

demonstrated better information flow and coordination between stakeholders to manage and 

control the project progress. Five-dimensional (5D BIM) cost capabilities are becoming more 

prominent. Firms that employ this new-age approach to project cost management are beginning 

to understand how it might help them remain competitive in the industry. During the pandemic, 

information technology took a surge in application due to which it is expected that BIM 

adoption process would enhance in the industry. Given, the unprecedented situation, it is 

therefore interesting to explore the role of BIM implementation in conversion of hotels into 

quarantine centres.  

4. Research Methodology 

The study was exploratory in nature with no precedence for data source. With the strict 

regulations, data was collected qualitatively through open-ended semi-structured interviews 

from hotel management teams, medical practitioners and hospital management staff. The 

preliminary results helped to understand the scope of the conversion process. Taking one of the 

hotel sites as a prototype, a 3D BIM model was foremost developed in Revit Architecture. 

Subsequently, the existing design was altered to suit the requirement of a quarantine centre 

following WHO guidelines (WHO, TR:2020). Focussing on the civil works and from the 

received inputs, the changes were incorporated in the design and showed to the hotel 

management team for analysing its feasibility. Thus, taking an action-based approach (Bryman 

and Bell, 2011) wherein the researcher is also part of the team that was instrumental in the 

change process, the study involved design changes to reflect the requirement of a quarantine 

centre. Further, using Navisworks software and 5D BIM, the cost for the changes was 

computed. Several design solutions provided alternative cost model which helped the hotel 

management team to identify the feasible cost solution. 
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5. Preliminary Findings 

The findings primarily demonstrated the use and benefit of BIM to the stakeholders through 

this project during the pandemic. During the conversion process, BIM helped the hotel 

management team to visualize several modifications in the layout and post a decision calculate 

the cost of modification with ease. In effect, 3D BIM helped to visualize alternative design 

solutions and 5D BIM reduced the time to take off quantity and calculate the costs for 

modification accurately and with ease.  

6. Originality, Value and Implication(s) 

This study was conducted during the pandemic with limited access to the project site. The study 

is original and not published earlier. The preliminary findings add value in understanding the 

role of technology adoption during unprecedented times. The experimental study has 

implications for both theory and practice to understand and can act as a stepping stone for 

further research and validation in other building types.  

Key Words: Crisis; Hotel; Quarantine Centre; 3D BIM; 5D Cost Estimation 
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Abstract 

1. Introduction 

Construction Sector has a huge contribution in the growth of any country and contributes 

heavily in the GDP of any nation, in India it is approximately 10% which is a promising one in 

terms of national economy of a developing country. 

For a fast-growing industry, to keep pace with the demand and to fulfil the global standards, 

automation in the construction sector has become the new norm in the industry. It not only 

promotes quality preciseness but also adds in the productivity, speed and ensures more safety 

work place. Also, the current shortage of skilled labors is one of the reasons why automation is 

required in construction industry. 

Application or Implementation of Automatic Equipment or other process or facilities in 

construction processes starting from initial planning & Design, execution stages and processes, 

monitoring and operation stage is known as Automation in construction Industry. Use of 

Artificial Intelligence and Robotics in the constructions projects particularly in infrastructure 

projects have reduced the human errors to a larger extent with increase in speed and efficiency. 

Latest innovations in Computer Science, Robotics and Artificial Intelligence, GIS etc. have 

aided in a breakthrough changes in how the construction projects are carried out now as 

compared to the conventional methods. 

Today, it is apparent that the level of automation in construction sector is very low in India in 

comparison with existing technological advances all over the globe.  

Key words: Construction; Automation; Digitalization; Process 

2. Objectives & Scope of Work 

To understand the in-depth application of automation in construction sector in our own country 

and other associated parameters related to automation, the study is planned: 

1. To understand different barriers and challenges to implement automation/digitalization on 

construction projects in India. 
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2. To evaluate the increase in productivity and performance of construction 

processes/activities with the implementation of Automation/Digitalization in construction 

projects. 

3. To evaluate the cost benefit analysis of Use of Automation over Conventional methods in 

construction. 

3. Methodology of Work 

To attain the set objectives the study area will be divided into various parts systematically: 

First, the work will include reviewing the use of automated machines used in construction 

industries, to understand the barriers in implementation of automation on construction projects 

mainly through literature survey and interviewing of different stakeholders in a project where 

automation/digitalization has been implemented.  

In the second part questionnaire will be prepared and sent to the personnel in the field to 

understand the difference in productivity of different processes after implementation of 

automation and statistically the variation will be calculated. 

Initial Cost and Operation Cost will be evaluated and compared with the conventional system. 
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Abstract 

1. Introduction 

In today’s day and age, given the plethora of Construction Infrastructure activity underway, 

Tunnelling is considered to be a niche area and finds its own place in a gamut of projects. 

Modelling of tunnels has become a dire need so that it finds a best suitability for practical 

decision making on construction sites. Simulation, not just gives the end user an idea of the 

real-life scenario, but also helps smooth designing, for, a fair analysis would have been achieved 

through software simulations. 

In the present study a tunnel is modelled for both 2D (plain strain analysis) and 3D. A 

comparison is carried out for construction stage analysis for theoretical considerations viz. 

entire excavation I one go vis-a vis practical considerations of construction stage excavation I 

sequence followed by shotcreting at the respective construction stage. Further a comparison of 

two shapes of tunnel is carried out for ‘Circular’ and ‘Square tunnel’ for displacements due to 

stress, axial force and bending with the same backdrop of 2D and 3D analysis. 

A simple 2D Circular tunnel of diameter 1.2m is considered at a depth of 5m for a 10mx10m 

soil model. The constitutive model for soil is considered as Mohr-Columb. Supports are beam 

elements, elastic in nature with a section of 0.5mx1.0m. Using the same details of 2D, a 3D 

model is created extruding the tunnel into a 10m long section and the support is modelled as 

shell element. 

A real life scenario is then modelled in 3D with staged excavation and shotcreting considering 

2m. pull (sections). The same approach is deployed for a Square tunnel of 2mx2m and 

corresponding results are obtained. In a nutshell, in a nutshell, case 1 is a 2D and case 2 is a 3D 

both for single stage excavation whereas, case 3 is a 3D analysis with multistage excavation. 

Key words: 2D and 3D modelling; excavation sequence; tunnel displacement; axial force and 

bending 
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2. Research Objective 

The primary objective of this paper is  

To model a ‘Circular’ and ‘Square’ tunnel for 2D and 3D modelling  

To compare the theoretical versus Actual Site scenario that depicts the Tunnel behaviour for the 

construction stage analysis 

3. Brief Literature Review  

Ngoc Anh and  Daniel Dias have compared a 2D (two dimensional) and 3D (three dimensional) 

numerical simulations of tunnelling in soft soils. Evaluation of the applicability of 2D 

deconfinement method has been investigated. Methods like these consider the displacements of 

soil under stress prior to the execution of tunnel, in order to model and simulate the phenomenon 

occurring at the face of the tunnel. 

Excavation of Tunnel is a three dimensional problem, specifically in the region close to the 

tunnel face ( Arnau and Mollins 2012, Mollen et al. 2013 ). Despite the most recent advances 

in resources as far as computing is concerned, analysis of 3D models are, even in today’s times, 

less frequently used due to the complexity involved, hence 2D simulations are more often used 

because of the reduction in time for computation and calculation and is relatively simple to use 

(Muniz de Farias et al. 2004, Negro and Queiroz 2000, Casini and Callari 2005, Cattoni et al. 

2016). 

Lina-María Guayacán-Carrillo, Jean Sulem, Siavash G. carried out the tunnel analysis for 

excavation in low permeability anisotropic ground. 

Karakus (2007) used simulations in 2D and compared the findings obtained with that of the  

transverse section settlement profile which was thereafter monitored during the actual 

construction phase of the London’s Heathrow Express tunnel. 

4. Research Methodology 

In the present study, the research methodology deployed is Finite Element Method / Analysis - 

FEM / FEA. The structure is modelled with the help of a software named ‘MIDAS GTS-NX’ 

where the soil and the structure is modelled for a given constitutive model. The material 

properties and parameters are defined followed by generation of mesh-sets which comprise 

nodes and elements. The self-weight and boundry conditions are defined and the analysis is run 

to obtain various results for interpretation. 

5. Findings 

The paper tries to compare the different values of displacements obtained owing to the stresses, 

the axial forces generated and the bending moment from a 2D plain strain analysis and try to 

compare that with the actual site conditions in so far as a 3D model is concerned. The 
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comparison of different values so obtained from different models is graphically depicted, which 

helps the on-site engineers for practical decision making. 

6. Originality  

In the extant literature, few studies are on 2D and 3D analysis of tunnels as stand-alone models 

mostly, while few papers do talk about the comparison between the two models, the parametric 

study differs from author to author. This paper considers specifically the construction stage 

analysis and makes an attempt to compare not just the 2D and 3D model types, but also tries to 

bring about the research practice nexus by considering the actual site scenario. 
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Abstract 

1. Introduction and Objectives 

The biomedical waste poses challenges to human health and environment due to its infectious 

characteristics.  Improper disposal or treatment of this waste constitutes a grave risk 

[http://urbanindia.nic.in/publicinfo/swm/chap7.pdf].  Siting a municipal incineration facility 

is a complex task and requires the meeting of regulations and minimization health hazard.  It 

also involves multiple objectives and alternatives is theoretically possible.  Such complexity 

requires the systematic and clear procedures that reduce the uncertainties, and support the 

decision makers to undertake sound decisions [Erkut, E., Newman, S., 1989].   

The study area considered is Pune city and its coordinates are from 73° 45’ 00” E, 18° 45’ 00” 

N to 74° 00’ 00” E, 18° 15’ 00” N.  Pune is the ninth largest metropolis in India.  The major 

rivers in Pune are, Mula, Mutha, Pavana and Indrayani.  As per the 2011 Census of India 

estimate, the population of the Pune urban agglomeration was around 5,049,968 

[http://www.census2011.co.in/census/city/375-pune.html].   

The Pune city and its adjoining areas are experiencing high population growth mainly due to 

the availability of new opportunities in Education, IT, and Manufacturing sectors and addition 

of other 28 villages to Pune Municipal Corporation.  This urbanization has led to an increase in 

the quantity of Bio-Medical Waste generation from the hospitals.  The location of a biomedical 

waste incinerator facility is an important problem due to its environmental, social, and economic 

impacts.  The improper disposal of these kinds of waste is of great concern to human health and 

environment.   

The specific objective of the present study is identification of incinerator sites for disposal of 

Bio-medical waste using Remote sensing and GIS. 
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2. Literature Review 

Remote Sensing and GIS tools have been used for identification of potential Solid Waste Dump 

Sites [Aruna, D, T. Byragi Reddy, Swamy A. V. V. S., 2012; Nishanth. T., Prakash M. N., Vijith. H., 2010].  

Siting of Municipal Incinerator was attempted using GIS for the city of Austin, Texas.  The 

methodology of Multi-Criterion Decision Analysis (MCDA) and set of criteria’s were 

developed and implemented as a linear optimization problem [Jayanthi Rajamani 2002].  GIS was 

used for siting of a nuclear waste repository.  Firstly, all data layers were established (geology, 

transportation, nature conservation area and population statistics).  These layers were digitized.  

Later, all these layers were combined to obtain nuclear waste repository site [Openshaw, S., 

Carver, S. and Fernie, J., 1989].  A similar approach was used in the house hunting case study.  In 

this case, three criteria were considered namely, proximity to schools, property insurance and 

proximity to main roads.  The next step was involved standardization of criterion scores, 

followed by allocation of weight, and finally application of the MCE algorithm [Heywood, I., 

Cornelius, S., and Carver, S., 1998]. 

A common treatment facility for Bio-Medical Waste exists is in the Pune city and it needs 

relocation as it is causing environmental and social problems.  Moreover, as per Biomedical 

waste Management and Handling Rules 1998 and 2010, one biomedical waste incinerator 

facility can cater to a population of 30 lakhs only [http://envfor.nic.in/legis/hsm/biomed.html; 

http://cpcb.nic.in/wast/bioimedicalwast/BMWtreatmentfacilities.pdf].  The present population, 

future growth, and addition of another 28 villages to PMC will make PMC the largest Municipal 

Corporation, in term of area in sq. kms. in Maharashtra, India. 

3. Research Methodology 

IRS P6 LISS III satellite data was utilized for landcover classification.  The classified satellite 

image and GIS tools and techniques were used for the identification of incinerator sites.  The 

selection criteria for identification of incinerator sites were built up area, road network, wind 

speed and direction.  Further, fifty-six hospitals in and around Pune were attached to either 

incinerator site based on the shortest route between the incinerator and the hospital.  This paper 

identifies two incinerator sites for the proper disposal of Bio-Medical Waste generated in Pune 

city and the adjoining areas, using Remote Sensing and Geographical Information Systems.  

The identification of two incinerator sites is based on Biomedical Waste Management and 

Handling Rules, 2010. 
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4. Findings, Limitations and Implications 

The developed methodology and spatial analysis performed in the present study are simple to 

use and could be used for identification of Biomedical Incinerator sites in other cities.  It is 

expected that the vehicle containing the infectious waste will travel through the major roads 

only.  The water bodies in Pune and adjoining areas are not considered for supervised 

classification due to the major misclassification errors.  In the present study, the classification 

of satellite image is at USGS Level 1. 

Key Words: Bio-Medical Waste (BMW); Biomedical Incinerator; Supervised Classification 

using Maximum Likelihood Classifier; Remote Sensing; GIS 
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Abstract 

1. Introduction 

This study is set in the context of the Indian construction industry in which the Public Private 

Partnership (PPP) is the most prevalent form of project execution. The construction industry 

represents over 10% of the country’s GDP and utilizes around 7% of the country’s labor force. 

The construction sector reported the largest year-on-year growth among all segments of 

economy in the June 2021 quarter. The growth was of the tune of 68.3%. With huge amount of 

funds incurred in the project development especially in the PPP model, it has been estimated 

that around 5% to 20% of the project cost is siphoned off in an illegal manner (Akintoye et al., 

2003). Given this context, it is of primary importance to investigate the stages in which 

corruption is most prevalent in PPP projects and address the means to minimise the same 

2. Research Objective(s) 

The objective of the study is to determine if siphoning of funds happens in PPP construction 

projects in India and if it does, then identification of the phases of construction when siphoning 

of funds is most prevalent. For the purposes of the study, the various stages examined are 

Execution Phase, Planning and Design Phase, Tendering and Procurement Phase, Handover 

Phase.  

3. Brief Literature Review  

Literature on corruption across the world shows the existence of corruption in both developed 

as well as emerging economies. The possibility for corruption to exist in any stage of a project 

has been explored and found to be true (Le et al., 2014). Various forms of corruption include 

bribery, fraud, collusion, bid ragging, kickback, conflict of interest, dishonesty, and unfair 

conduct, extortion. These forms are practiced across phases (Kenny, 2009). One of the main 

reasons for existence of corruption is lack of transparency and public awareness. There is a need 

for the government to have an analytical framework to identify irregularities in PPP projects 

(Tabish & Jha, 2011). 
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4. Research Methodology 

The study uses a questionnaire survey method to extract information from respondents who 

have considerable experience in the construction industry with PPP projects towards meeting 

the study objectives. 42 responses were analysed using factor analysis. followed by linear 

regression. The reliability and validity of responses were tested using Cronbach’s alpha with 

dependable results.  

5. Findings 

The results indicate that siphoning of funds exist in PPP projects in the construction industry 

and the most vulnerable stage of construction is the Execution phase and the tendering/ 

procurement phase. Not much corruption is visible in the planning, design and handover phases. 

Significant areas in which siphoning of funds are found to happen in PPP projects can be 

discussed under two major heads – Billing and Budgeting; the modus operandi for the same 

being specimen manipulation, running account bills manipulation and disproportionate 

commissions. 

6. Originality, Value and Implication(s)  

The findings from the study highlight the need for a corruption index and forensic audits to be 

adopted in PPP projects. The study is carried out completely using primary data from 

professionals who work on live construction PPP projects since secondary data is hidden and 

unavailable for the said topic. The study concludes with some suggestions on how to improve 

transparency in the identified stages to reduce the extent of corruption. 

Key Words: Siphoning funds; PPP; corruption; construction; India 
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Abstract 

While we are in industry 5.0 era and construction sector has progressed in digitalizing many 

processes; however, enterprises are struggling to digitalize one of the prime domain Quality, 

Health, Safety & Environment (QHSE). SHENGEL GO team with a vision of enhancing & 

touching lives of global workforce has successfully developed an AI powered transformational 

QHSE cloud-based software solution. It empowers all stakeholders - developers, consultants, 

construction & service firms to digitize their entire QHSE processes. The application (web – 

desktop, laptop & tablet and mobile – Apple and Android) gives access to all key KPI’s and 

Statistics across the organization on any device, anytime and anywhere. 

Few key innovations in our QHSE Software are: 

• Digitizing Root Cause Analysis (RCA) Tools (Fishbone & 5 why’s) – To investigate 

incidents and NCR to identify root cause and to prevent recurrence 

• Cause Identification Tool (prompt users for potential causes) – a comprehensive built-in 

tool which simplifies the life of operator using this tool by giving various potential options 

• Quiz builder – Enable admin to ask questions and mark correct answers – thereby ensuring 

the workers / workforce get basic understanding of the task in hand 

• Artificial Intelligence (AI) Features – IBM Watson – Facial recognition, speech to text, text 

to speech and cost analysis based on photographs. Speech enabled reporting of incidents 

and report generation 

• IoT integration – Multiple technologies to track living things and assets 

• Built-in ISO clauses (multiple standards) & Regional Legal references (country specific) 

• Incompatible job finder to control permit issuance. Comprehensive portfolio of digital 

permits 

• COSHH (Control of substances hazardous to health) assessment linked with CAS finder & 

is incompliance with built-in ILO GHS classification 

• Intuitive 5X5 matrix for risk assessment & AI significant scoring finder (allows 

organization to identify impacts to environment due to their business) 
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• Modular (Client’s choice based on need and priority) – gives flexibility to choose modules 

and take baby steps to digitize QHSE 

• Mobile access (all modules / all features), unlike others in market which charge additionally 

for full feature access in mobile 

• Intuitive and user-friendly UI/UX (based on multiple customers feedback & from our 30+ 

years combined field experience) 

• Built-in and customizable workflows / tools and helps in ESG Compliance 

• Intuitive body part marking for injuries, reduces surprises at the time of treatment, reporting 

and claims processing 

Underpinning Bow Tie principle SHENGEL GO covers both leading & lagging indicators, 

which are articulated in nine (9) core modules & their associated sub-modules namely –  

Dashboard, Audit Management, Document Management, Hazard Management, Incident 

Management, Learning & Development, Risk Management, Asset Management – IoT 

integrated, Permit-to-Work and Metrics Management 

Our QHSE application not only caters to organizations / enterprises of all shapes and sizes but 

also is industry agnostic and can be easily customized across 31+ industry verticals. 

As our cloud native application is built from ground-up using the following technologies, it 

helps us leverage AI / ML / DL enhancements in a seamless manner. Furthermore, its hosted in 

cloud, therefore, we can not only scale both horizontally and vertically but also leverage all the 

cloud computing advantages. The different technologies used at multiple layers are: 

1. Front-end: Angular / NodeJS 

2. Middle Layer: Python & Django 

3. Back-end: Postgres database 

4. Mobile: Google flutter framework for both Android & Apple 

5. 3rd party: SendGrid for emails and Firebase for messaging 
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Abstract 

 

Whenever two or more roads meet at a place it forms a traffic junction, where different traffic 

flows from various approach roads compete for the use of the same physical space. Intersections 

even witness at times heavy flow of pedestrians. If no control over these flows exists various 

points of conflicts are created in the common area of traffic junction leading to potential causes 

of accidents. Intersections can be of various types and the risk depends on the type. The behavior 

and decision making of vehicles user have an effect on the safety of the intersection. The 

common intersection components are median-island, channelizing islands, edge lines, zebra 

crossings, lighting and pedestrian space and so on.  

Roadway safety plays a major role in traffic engineering. The safety at an intersection can be 

divided into i) The safety of the junction. ii) Safety of the approach roads. iii) Safety of the 

vehicles crossing the intersections. iv) Road user related safety. Pune has a large network of 

urban roadways and traffic intersections. Large traffic volume ply everyday and pose  danger 

to motorists and pedestrians as the arterial roads and major intersections are apparently lacking 

basic safety infrastructure such as traffic signs, signals, roadway markings etc. Thereby, the 

roadway condition, prima-facie is not satisfactory. .These high traffic roads and junctions face 

issues of safety and therefore, this problem needs to be tackled meticulously. A sample survey 

findings have shown that some roads have a lot of safety flaws due to apparent mismanagement 

of roadway traffic junctions thereby the situations pose at times roadway safety hazards. 

Therefore, a need is felt to conduct a safety audit of traffic intersections in order to update safety 

infrastructural features to deal with challenges posed by ever increasing traffic. A pilot study 

has been conducted by walking around Baner-Balewadi area of Pune city. Five major traffic 

intersections are inspected visually through physical site visits and found almost all the traffic 

intersections are short of essential safety features.  

Four datasets are identified in our study. These datasets are: 
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i. Road Safety related parameters. 

ii. Junction Safety related parameters. 

iii.  Road User related parameters. 

iv. Vehicular safety parameters. 

Total 28 parameters are studied under 4 dimensions. The condition of each element is measured 

by means of Likent Scale, which has three levels -1, 2, 3. 1 represents Bad, 2 represents Average 

and 3 represents Good. So in that way, five intersections are evaluated on  28 parameters by 

assigning points appropriately based on the existing physical conditions. So, on total score basis, 

the rankings are assigned to these roadway cum intersections. Out of the five intersections, one 

traffic junction scored 39 out of max 84 points securing 1st rank. Similarly, the one which 

scored least points got the bottom rank, thus the traffic roadway intersections are compared on 

the safety infrastructure features. However, no intersection is proved to be the best and a scheme 

of improvement is warranted across the junctions. 

 The study is expected to benefit all stakeholders of urban roadway management. The roadway 

condition needs to be upgraded by way of making infrastructural changes and guidelines in 

order to assure road users highest degree of safety.  

Key Words: intersection; safety; accident; road user and vehicle 
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Abstract 
 

The intangible resources are valuable, non-replaceable and a source of sustainable competitive 

advantage (Bianchi, 2017) and these resources have also been referred also been referred as 

“intellectual capital”. They are an important for organizational success. The present study is an 

attempt to examine the effect of balance sheet reported intangible assets on the organizational 

performance of construction firms in India. The organizational performance is measured as 

enterprise value (EV) of the firm. The data of 62 construction companies is collected for a period 

of eight years (2011-2018). The dependent variable, i.e., enterprise value is measured in four 

different. These are sales-based EV (SEV), Net fixed asset-based EV (NFAEV), market-

capitalization (MCAP) and the fourth one is Market enterprise value (MBEV). The independent 

variable in the study is balance sheet reported intangible assets. It resulted in four regression 

models. 

For data analysis, in the first step, the data was first tested for the basic properties such as 

Heteroscedasticity and Stationary. It was discovered that the regression models suffer from the 

problem of heteroscedasticity. Hence, the authors in the study decided to use the Prais-Winsten 

panel regression. Prais-Winsten panel estimation (1954) regression is a superior form of panel, 

which corrects the standard errors for heteroscedasticity. The effect of balance sheet reported 

intangible assets on enterprise values of construction firms in India. The panel regression results 

suggest that balance sheet reported intangible assets are a significant positive driver for all four 

variants of enterprise value. If we analyze the individual models, the best fit model based on R2 

is the net fixed asset based enterprise value model with an R2 value of 87.4%.  The intangible 

assets were found to be significant positive driver of NFAEV (0.000, p<α,). This indicates that 

net fixed assets multiplied by PB based EV is the best deception of enterprise value which is 

significantly driven by intangible assets. The other three models, i.e., MCAP, MBEV and SEV 

based models seems poor fit, if we use R2 as a criteria. The R2 for MCAP model is 11.4%, R2 
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for MBEV model is 10.5%, and R2 for SEV model is 9.3%, which can be described as poor. 

Though, these three models also suggest that enterprise value is significantly driven by 

intangible assets at 5% level of significance (p<.05). Even with such a small value of R2, the 

Wald chi2 values suggest that the models are significant (p<.05). Based on the overall results, 

authors accept the hypothesis and conclude that intangible assets have a significant effect on 

enterprise value of a firm. 

It is evident from the results of present study that intangible assets drive the enterprise value of 

construction firm. The study also breaks a myth that the value of construction firms is mostly 

driven by tangibles. Singla et al. (2021) in their recent study concluded that intangible assets 

play a vital role in the success of construction project performance. However, that study was 

also based on qualitative data. The uniqueness of the present study is that it uses quantitative 

data rather than qualitative data. However, the study is limited as the detailed bifurcation of 

balance sheet reported intangible assets is unknown. Hence, it cannot be concluded that which 

type of intangible assets are more significant.  

Key Words: Valuation; Construction; Enterprise value; Sales; Market Capitalization. 
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Abstract 

1. Introduction 

Land records hold a lot of importance to the development as well as exchange of land and 

property, particularly in the urban and semi-urban areas. Land records and their management 

assumed importance in the post-industrial era; they were amplified by the expansion of services 

sector.  Like most other nations, India got the legacy of colonial land records system, which 

served the past regime well but it required an upgradation to modern times.  Land record 

modernization, with focus on digitization, is a step in that direction.  

2. Research Objectives 

This research has the objectives of: (i) understanding the evolution of land records systems (ii) 

understanding the structure of land records system in India (iii) analysing the shortfalls of 

current land record system (iv) discussing the features of land records modernisation (v) laying 

down the way forward in the light of modern digital technologies.  

3. Brief Literature Review  

There is a paucity of well-grounded literature on land records management in Indian context. 

The limited amount of literature e.g., Mearns (1999), Zasloff (2011) and Sonar and Patel (2018), 

points to shortcomings in the current system of land records in India. There are some consulting 

reports and department dissemination on the progress so far. However, IIHS (2015) has come 

out with a series of study reports which discuss various dimensions and experiences of land 

record modernisation; they will serve useful to the current research study.  

4. Research Methodology 

The research takes a mixed methods approach with the primary use of qualitative data analysis 

i.e., review of various reports and literature, complemented by some quantitative analysis of 

secondary data. The paper will first examine the evolution and structure of land records system 

through secondary literature review.  The shortfalls of land records as well as the need for 

modernisation are analysed in the context of modern times.  The features of land records 

modernisation use secondary data available with Central and State Government and any other 

independent institutions. The way forward will be based on the emergent digital technologies. 
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5. Expected Findings 

The paper will bring out the background, need for and features of land records modernisation 

in India.  It will discuss current and emergent technologies that aid in achieving land record 

modernisation, which in turn enhance land and property transactions as well as development. 

6. Originality, Value and Implications  

Land records and their modernisation have not received much attention in academic and 

practical research so much as they are discussed in professional organisations. The importance 

of topic is also not appreciated much in India, which has been experiencing rising urbanisation 

levels and a rapid growth of land and real estate market. The paper is an attempt to synthesize 

the existing literature as well as emerging digital technologies.  

Key Words: Land records; Modernisation; Spatial technologies; Registration; Land title and 

Digitalisation 
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Abstract 

1. Introduction  

Cities are the concentrated focal points for the economic growth of a country. The cities are the 

complex interwining of people, residential areas, commercial spaces, infrastructure, services 

and the hubs of social and economic growth. However, the development of cities lead to an 

impact on various economic, social and environmental factors. The type of smart city will differ 

as per the country, the particular cities development level and the resources available for further 

development. A cities development is based on economic, infrastructure, institutional and social 

factors. The concentration is on developing these factors further and adding to it the use of 

technology and digitalization for making cities truly smart cities. We are considering in this 

research the impact of smart cities on the environment.  

The smart cities development should reduce the negative effects caused by the development of 

cities. The damage to environment due to pollution and misuse of natural resources has to be 

avoided. This can be done by the many positive aspects that come about from smart cities. 

Carbon emissions can be reduced by using well developed mass transportation system. The 

increased use of electric vehicles and bicycles can reduce pollution. Similarly, in the use of 

public lighting having correct intensity of lighting as per the cities requirement, using solar 

powered lighting will reduce the environment impact. The encouragement given to green 

builders in smart cities for government building, infrastructure, residential building also reduces 

the carbon impact. The use of solar energy rainwater harvesting, using recycle material for 

construction protects the environment. 

Key Words: Smart City; Environmental Factors; Sustainability; Green Buildings; Renewable 

Energy 

2. Research Objectives  

The Research Objectives are as follows: 
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1. To measure the impact of local area initiative of Aundh-Baner-Balewadi (ABB) on urban 

solid waste management for the surrounding area. 

2. To measure the impact of local area initiative of Aundh-Baner-Balewadi (ABB) on pollution 

control for the surrounding area. 

3. To find out the scope of Monitoring and Management of Energy and Environment from 

local area initiative of Aundh-Baner-Balewadi (ABB). 

4. To find out the benefits of the environmental sustainability as a part of smart city initiative 

in the Aundh-Baner-Balewadi area. 

3. Brief Literature Review  

Following is the compilation of international and national research papers highlighting various 

important and peculiar multifaceted issues, potential and challenges related to sustainable 

growth, technological development in the process of evolution of Smart City concept. 

Hafedh Chourabi, J. Ramon Gil-Garcia, Theresa A. Pardo, Taewoo Nam, Sehl Mellouli, Hans 

Jochen Scholl, Shawn Walker and Karine Nahon (2012). The level of success attained by 

various smart cities depends upon their design initiatives, planning and implementation in 

various ways. The impact of both outer factors and inner factors has to be considered. The 

external factors are those such as economy, infrastructure, governance and natural environment. 

The inner factors which have an impact are leadership, citizens involvement technology and 

management. The external and internal factors all have an impact on each other and in this way 

the influence the development of smart cities. 

Ashima Srivastava, Pratibha Singh, N. N. Janhavi, Avinash Singh, have conducted study on 

Green Buildings as an eco-friendly technique for smart cities. They state that building 

construction has an impact on the environment in terms of their usage of clean water, wood and 

various construction material. The Green Buildings are designed and constructed in a manner 

that will have a minimum impact on the environment. The green building construction is done 

by using material that is recyclable. The green building also help to educate people about the 

importance of concerning the environment.  

Hall RE (2000) discusses the initiative of Brookhaen. National Laboratary to research ‘Smart 

Cities’ as urban centers in which all the structures are constructed considering the environment 

and they are monitored for their impact an environment making use of technology. 

Ministry of Urban Development (MoUD) (2014) The government has a vision for developing 

100 smart cities in India. The smart city for it to be sustainable needs to offer economic 

opportunities for people. The smart city needs to provide infrastructure to ensure a good quality 

of life for its people while ensuring a minimum environmental impact. 
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4. Research Methodology 

The primary data and secondary data have been used in the study. The primary data is collected 

using a questionnaire and interviews with the respondents. The residents of the surrounding area 

and PMC people are the probable respondent of the study.  Experts from the field may be 

considered as a special category respondent for the study. The study incorporates Likert 5-point 

scale for measuring the different qualitative attributes required for the study. It also incorporates 

bar diagram, pie charts, multiple bar diagram, line diagram to represent the collected primary 

and secondary data. Column analysis is also used to summaries the collected data. Structured 

questionnaire will be tested for quality using suitable statistical test like Corn-Back Alfa Test. 

The secondary data is collected from Corporation Office (PMC), PMC website, MoUD, 

Government of India publications, and other state/central government websites.  Suitable 

forecasting model is used according to the objective of the study. The study is open to 

incorporate more analytical options in future as per further development of study. The software 

packages like Microsoft Office Excel, SPSS and E-views will be used for data processing and 

analysis. 

5. (Expected) Findings 

The Smart Cities Mission (SCM) encourages the development of cities with improved 

infrastructure and a good quality of life while paying attention to sustainability and protection 

of environment. Pune is selected as one of the smart cities and the area of [Aundh-Baner-

Balewadi-(ABB)] is expected to have all the 24 smart city features by creating a comprehensive 

road map of strategic requirements and planned activities of developing existing infrastructure 

and using technology and innovative methods for the socio-economic transformation of Aundh-

Baner-Balewadi area. 

6. Originality, Value and Implications  

This paper is a part of the NICMAR funded research project. The work is under process and its 

original in nature. Few probable implications of the study are as follows. 

The effect use of modern technology for the economy infrastructure, health care, education, 

public safety, energy and environment are an important part of modernisation growth and 

sustainable development which are some of the Smart city initiatives that positively contribute 

to an increase in employment and indirectly to the economic growth of cities. 

The use of sustainable principles in green buildings helps in reducing the carbon impact by way 

of saving in energy, water material and thereby reduces the costs. 
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Abstract 

1. Introduction  

A tunnel is an underground tube that is totally enclosed except for entrance and exit apertures, 

which are usually located at each end. For irrigation, the Babylonians made significant use of 

tunnels. Coppers saw and hollowed reed drills were created by the ancient Egyptians to carve 

temple halls in rock cliffs Tunnels were also used by the ancient Greeks and Romans to drain 

marshes and construct aqueducts. In 1681, gunpowder was used for the first time to break 

passages from out rock in France. Dynamite was first utilised in the mid-nineteenth century, 

coupled with the introduction of steam and air compressor drills for drilling a hole for explosive 

charges. Shield techniques were also created, in which a barrier supporting the dirt above moves 

with the miners as they dig underneath. Tunnels were primarily utilised for mining operations. 

Tunnel construction has become more widespread as a consequence of technical advancements 

over time as a means of connecting places, railroads, automobiles, and alternative modes of 

transport as a water diversion canal  

Complications that may occur during the construction of a tunnel can do a substantial impact 

on the overall project cost. Cost estimation during the contract or planning stage of a tunnel is 

essential to justify the construction project's value. Before estimating, it must be clear to know 

the kind of design technique to be used, the types of machinery and their requirements. In this 

context, the construction methodology of an head race tunnel is studied with the help of a live 

case study on Mangdechhu Hydroelectric Project. This case study explains all the major adopted 

constructed methodologies utilised to develop the head race tunnel for the Mangdechhu 

Hydroelectric Project. 

Key Words:  New Austrian Tunneling Method (NATM); Head race tunnel construction; 

Mangdechhu hydroelectric project (HEPP); Cost estimation. 

2. Objective 

To understand the construction methodology of the head race tunnel for the Mangdechhu 

Hydroelectric Project. 
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3. Literature Review 

“Rock defects and loads on tunnel supports’’ by Karl Terzaghi (1946), is a very good landmark 

paper in tunneling literature for many years. It provided the basis for the rational design of 

tunnels, particularly those constructed in North America. Still there are many valuable lessons 

to be learnt from this work including the practical aspects of tunnel design and construction. 

Mostly all mountain tunnels in Japan are now excavated and built by using New Austrian 

Tunneling Method (NATM), that was proposed by Kusakabe in 1964. This technology has been 

used in tunnel construction in Japan since 1978, and the number of fatalities during tunnel 

construction has decreased as a result. 

4. Research Methodology 

• The research methodology includes the study of step by step procedure in the construction 

of the head race tunnel. 

• This also includes the study of cross sectional details of the tunnel and  the machineries used 

for construction  at various stages  

5. Findings and Implications 

• Exclusively a clear idea about the construction methodology of head race tunnel by New 

Austrian Tunneling Method (NATM) method was obtained.  

• The information about various types of modern machineries like CIFA, Tam Rock, Boomer, 

Shotcrete Machine and its applications were discussed. 
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Abstract 

 

Supplier selection (SS) and order quantity allocation (OQA) to the selected suppliers plays a 

very important role in reducing mega construction project cost and time overruns. In this paper, 

we have developed a detailed methodology for SS and OQA for mega construction projects. In 

the first step, we have tried to consolidate the supply base using multi-criteria decision-making 

based analytic hierarchy process (AHP). Weightages for the selected suppliers are derived by 

considering multiple input variables. In the second step, based on the weightages derived, OQA 

to the selected suppliers is done using a multi-objective weighted goal programming concept. 

Since the variables considered were conflicting in nature, the goal programming model is 

formulated to minimize deviations in the total purchasing value by considering the total cost of 

purchasing, the number of non-defective items supplied, lead time, on-time delivery penalty, 

demand of the item and capacity constraints of the suppliers. The methodology is verified with 

a numerical example and the results are discussed. 

Key Words: Supplier Selection; Order Quantity Allocation; Mega Construction Projects; Goal 

Programming; Analytic Hierarchy Process; Design of Experiments. 
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Abstract 
1. Introduction  

India’s population is increasing with a rapid rate. India is the world's second most populous 

country, only behind China, and the world's most densely populated country in terms of land 

area. Due to rise of population and lack of employment, people migrate to urban cities. Which 

again leads to rise of population in urban cities and slum dwelling rises, standard of living goes 

down in such densely populated area. Other challenge is urban cities is the provision of decent 

and affordable housing for urban dwellers. To address such issue MCGM have issue a new 

redevelopment scheme known as cluster redevelopment. Cluster redevelopment is the grouping 

of group of redevelopment’s residential structures on a portion of the available land, reserving 

open space as well. Other than residential structures cluster redevelopment can even include 

commercial structures, school, parks, medicals, etc. Objective of this study is to completely 

understand the concept of cluster redevelopment as per MCGM DCPR. Then Select the cluster 

site mark the site layout using GIS software, develop a 2D plan using GIS software and 

AutoCAD software, developing the 3D model of the cluster redevelopment site for better 

understanding and managing, and lastly planning the whole process 

2. Research Objective 

• To learn and understand about the cluster redevelopment scheme in Mumbai. 

• To utilize GIS software for marking cluster redevelopment site and creating site layers. 

• To utilize BIM software to create 3D model of the selected cluster redevelopment site. 

3. Literature Review 

DCPR - 2034 FOR GREATER MUMBAI, 2018 

Reconstruction or redevelopment of Cluster of Buildings under Cluster Redevelopment 

Scheme: 

" For the reconstruction or redevelopment of Cluster of buildings in Mumbai under Cluster 

Redevelopment Scheme undertaken by  
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• The MHADA or the MCGM or through any suitable agency,  

• The MHADA/MCGM, jointly with land owners or Societies of buildings or Society of 

slum dwellers.  

• land owners, Housing Society of buildings, Housing Society of slum dwellers, 

independently or through a Developer, 

" The FSI will be 4.00 or the FSI necessary for current tenants/occupiers plus the incentive 

FSI, whichever is higher. 

" Eligibility: 

• The Cluster Redevelopment Scheme necessitates a cluster of buildings and structures 

with a minimum area of 4000 sqm in Mumbai and 6000 sqm in the Mumbai Suburbs. 

•  Existing physical borders such as roads, nallas, and railway lines define the boundaries.  

• Road of at least 18m width 

• no cluster or clusters shall be identified for redevelopment or cluster redevelopment 

scheme implementation by the Municipal Commissioner without first conducting an 

Impact Assessment Study on the impact of cluster redevelopment scheme 

implementation on city and sector infrastructure and amenities, as well as traffic and the 

environment. 

" For the purposes of FSI and marginal distance computation, the land under cluster 

redevelopment scheme shall be considered as one plot, regardless of the tenure of the plots 

contained. 

" In specific cases cluster redevelopment scheme where boundaries is not defined  by  roads, 

nallas and railway lines, then the boundary of the Cluster redevelopment site may be decided 

by the Municipal Commissioner. 

4. Research Methodology 

1. Literature review on the past study, published papers, publish book related to 

redevelopment, cluster redevelopment, town planning and town 3D modelling. 

2. Deciding on any cluster site in Mumbai, which falls under MCGM cluster redevelopment 

scheme. 

3. Collecting topography data of the selected site, using google earth software. 

4. Utilizing the collected data in GIS software and AutoCAD software for site layout. 

5. Digitizing of building foot prints using GIS software. 

6. Creating 2D base map 

7. Developing the 3D model of selected cluster site as per MCGM regulations 
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5. Findings 

1. Completely understanding about the cluster redevelopment scheme as per government 

regulations in Mumbai. 

2. Generating site layout by utilizing GIS software of cluster redevelopment site. 

3. Developing 2D plans of cluster redevelopment site with building foot print and roads using 

GIS software and AutoCAD software. 

4. Developing an 3D town model of the selected cluster redevelopment site. 

6. Originality, Value, Implication 

Originality: 

All the data which will be used in the research as a case study have been collected from building 

proposal Mumbai official website. 

Value: 

Cluster redevelopment in fairly a new concept, which not many developers are aware of, that 

benefit them as well as the tenants. This research will bring flow process to which any developer 

can refer and go for cluster redevelopment. 

Implication: 

In this research GIS software is used for marking site layout then the traditional survey methods 

which is less time consuming, more economical, and more accurate. Many 2d layers have been 

created of the site for data storing and more efficient management. 3d models have been created 

to explain tenants this concept of cluster redevelopment and getting their concent.   
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Abstract 
 

Due to a shortage of river sand, the construction industry faces significant challenges in getting 

high-quality fine aggregates for concrete. This issue prompts the researchers to look for 

potential substitutes for river sand in construction. The construction industry is increasingly 

looking for other alternatives. In this regard, this study compared the strength properties of 

concrete made with M Sand and Steel Slag, which have more angularity, rougher surface, higher 

total specific surface, and lower presence of deleterious substances and Pond Ash which is 

smoother in nature in various quantities with traditional M25 grade concrete. In comparison to 

natural sand, manufactured sand produces concrete with better superior quality, higher strength, 

and greater significance. The experimental investigation was done following Indian Standards. 

The parameters of the research comprise the curing periods [7 and 28 days] The outcome 

demonstrates a decrease in the workability of concrete in various concrete mix designs due to 

fine particles. Further, in contrast to the workability, the strengths of alternative fine aggregate 

mixtures were significantly enhanced by angular and rough particles. Overall the Steel slag and 

Pond ash can be used as an alternative to the M sand and River sand. 

Key Words: Pond Ash; Steel Slag; M-Sand; Strength 
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Abstract 
1. Introduction 

Built environment projects and assets leave a lasting impact on people.  While many of these 

impacts are intended and positive, and lead to development of society and nations as a whole, 

there are certain adverse impacts also.  To avoid or minimize these impacts, increasing emphasis 

is being given towards the social dimension of sustainable development.  However, underlying 

research efforts in the context of the social dimension often face the challenge of access to 

unbiased primary data due to ethics-related nature of research topics that are highly susceptible 

to various biases in case the data are collected through traditional methods like interviews and 

questionnaire surveys.  Therefore, use of secondary sources of data has been emerging as a 

strong alternate for conducting social sustainability research in construction projects.  Many of 

such studies have used text mining approaches to make sense of large quantum of qualitative 

data available through public sources (like organizational websites, social media) and 

organizational archives.  Use of text-mining can help reveal “patterns of language use in an 

inductive or abductive manner which may be of value within research designs primarily guided 

to deepening comprehension” (Wiedemann, 2013, p. 341).   

2. Objective 

The objective of this study is to review recent applications of text mining approach in social 

sustainability research from a stakeholder perspective.  Viewing the extant research efforts from 

stakeholder point of view is advantageous because the social dimension, in the context of built 

environment projects, pertains to the people impacted by the projects and assets and hence a 

stakeholder approach may provide guidance to researchers on utilizing specific secondary 

sources and text mining for each of these stakeholders.   

3. Methodology 

This paper conducts an integrative review of text mining approaches for social sustainability 

research in built-environment projects. Accordingly, this study does not intend to exhaustively 

search and report all such research efforts.  Instead, it focuses on representative studies 
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pertaining to various stakeholders to provide an overview of how similar research efforts can 

be conducted by utilizing ever-increasing quantum of text data. 

4. Findings 

Social sustainability pertains to addressing concerns of internal and external stakeholders of 

built-environment projects, particularly for three stakeholders viz., construction workers, local 

communities, and end-users.  The latter two are external stakeholders who are not directly 

involved in projects’ implementation but are impacted by them.   

For workers, the text-mining based approach can be used to analyze the qualitative data from 

workers’ safety-related reports to gain useful patterns regarding unsafe acts and behaviour.  

Taking such approach Tixier et al. (2016) collected and analyzed injury report of workers and 

reported patterns of injury causes.  

For local communities, many researchers have used qualitative secondary data from a social 

sustainability perspective to understand community expectations for projects.  For instance, 

Piróg et al. (2022) conducted text-mining of strategic planning documents from government 

authorities, coupled with interview data from local communities to compare their visions of 

development. Jiang, Lin and Qiang (2016) collected public opinion data for hydro project from 

social media sites and conducted text-mining of the same to understand the sentiments of public 

towards the project.  

With respect to end-users, text-mining based approaches can help researchers understand the 

expectations of end-users from the built-asset and also help highlight any complaints during the 

use of these assets.  Taking this approach, Chang et al. (2022) conducted text mining of end-

user complains for urban infrastructure projects to reveal key patterns in the complaints.  

5. Originality, Value and Implication(s) 

This research, though conceptual, seeks to draw attention towards the emerging possibilities 

regarding the use of text mining approach for social sustainability research by using text data 

that is being increasingly generated and often available freely to the researchers. By utilizing 

this possibility, constraint on data availability for social sustainability research can be overcome 

to a large extent and useful pattern can be drawn from the large volumes of these data.  

Keywords: Social Sustainability, Stakeholder, Text Mining, Construction, Project 
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Abstract 
1. Introduction 

Business intelligence (BI) is an umbrella term for strategies, technologies, and information 

systems used by the companies to extract from large and various data, according to the value 

chain, relevant knowledge to support a wide range of operational, tactical, and strategic business 

decisions (Muntean, 2018). Basically, it is a fundamental change of the approach of delivering 

value to customer through the integration of digital technology into all areas of a business. 

Azanha (2016) considers Digital Transformation to be complex projects that involve innovation 

and uncertainty Baccarini (1996) has presented one of the first project complexity definitions 

stating that “it consists of varied interrelated parts and can be operationalized in terms of 

differentiation and interdependences”. Complexity was attributed to two dimensions; 

organizational complexity including different sections and departments that are differentiated 

but inter-related and technology complexity including products of differentiated components 

and interdependent at the same time (Baccarini, 1996). Tatikinda and Rosenthal (2000) have 

defined project complexity “nature, quantify and magnitude of organizational subtasks and 

subtasks interaction posed by the project”. Vickery (2016) believed that the growth of 

complexity is based on the number and variety of the subtasks. Vidal et al. (2011) considered 

project complexity a function of project characteristics which doesn’t allow foresee and keep 

control of project behavior. According to Maes et al (2022), the available project management 

frameworks don’t integrate the project uncertainty to its execution plan in complex projects 

which unable forecasting project output. Collyer et al. (2010) argued that there is little 

information available of projects approaches and frameworks on how to manage complex 

projects of high uncertainty in dynamic environment. Lechler et al. 2012 attributed absence of 

project management approach to lack of differentiating between risks and uncertainty. Previous 

research identified two sources of uncertainty: the uncertainty associate with the targeted 
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outcome and the uncertainty associated with the input task. The literature over last decade 

further suggests that the dimensions associated with the concept of complexity got evolved. 

There were scattered documents of technology, innovation, project complexity and 

organizational structure  were available before 1990s. However, more focused endeavors 

related to project complexity were introduced such as resource allocation, classification of 

complex projects, organizational adaptability, uncertainty and system dynamics. These led to 

development of frameworks and models that incorporated aspects of uncertainty and system 

dynamics in order to measure complexity and support management of organizations to handle 

complex projects. Therefore, to summarise the finding of previous research the field of the 

academic research of project complexity has moved from scattered efforts of complexity related 

documents collection to more centralized endeavors starting from characterization of complex 

projects to developing frameworks and models. Furthermore, the literature suggest that the 

focus is more on developing robust framework and models for complex projects to enhance 

projects performance and success (Rezende et al., 2018).  

Within the context of management of complex projects, the dimension of agile framework, 

waterfall framework, complex projects success criteria and project governance (how to avoid 

project creeping in terms of cost, time and scope) have commanded significant focus. 

Keywords are (Project Management, digital transformation, hybrid framework, complex 

projects, Waterfall, agile).  

2. Research Objectives  

The objective of the research is to develop and evaluate an appropriate project management 

methodological framework for digital transformation projects applicable in oil and gas industry. 

To achieve this, the following is formulated:  

1. To systematically review the classical and hybrid project management approaches to project 

management in Oil and Gas industry. 

2. To identify key drivers impacting the choice of project management approach for managing 

digital transformation projects in in oil and gas Industry. 

3. To analyse and rank the complex projects challenges and Project Management key factors 

to improve success chance of complex projects in oil and gas industry using the most 

adequate research methodology.   

4. To develop and evaluate an appropriate project management methodological framework for 

its application for complex projects in oil and gas industry. 

  



223 NICMAR University, Pune 
 

3. Literature Review  

Previous research suggests shortcomings in the both, Classis Waterfall approach and the agile 

approach to managing digital transformation projects (Thesting et al., 2021). The Classic 

Waterfall doesn’t allow capturing the requirements of the stakeholders after the planning stage 

(Fagrasen et al., 2021). On the other hand, Agile approach has the flexibility of containing the 

requirements while execution, but it exposes the project into a potential project creep (Thesting 

et al., 2021). Looking at the dynamic nature and the high CAPEX of the oil industry, digital 

transformation projects require flexibility, agility and sufficient governance at the same time to 

ensure projects success while maintaining project baseline. Therefore, it’s quite essential to 

deploy the right project management framework in the oil industry in Oman that enables agility 

and flexibility while maintaining project baseline.   

The innovative digital transformation helps petroleum companies manage their assets 

optimally. The use of artificial intelligence and advanced data analytics in oil and gas sector to 

ensure efficiency and increasing productivity. The Lean methodology enables client’s way 

through this platform via connections between client’s various business drivers (Omani 

Technology Firm, 2020). According to Romero et al., (2019) complex projects of digital 

transformation face lack of standardized business framework which results into low return on 

investment (ROI). Also, not engaging the customer into the process of developing digital 

transformation products have not created the true value under the customer eye which results 

into low revenues. Another challenge that was mentioned by the authors is leaving behind the 

employees' engagement and training in the strategic use of such new technologies which result 

into lack of creating competitive advantages. Romero et al. (2019) believe that people should 

be empowered to drive change. Within the same context, (Kozarkiewicz, 2020) believes that 

there is a clear gap of standard methodology and process within the field of complex projects. 

Kozarkiewicz (2020) also believes that project-based organizations employees more commonly 

use the terminology traditionally associated with project management perceiving projects not 

as one-off projects but rather as a permanent element of company's core business. This leads to 

lack of allocation of resources. So basically, the organizations are missing the needed maturity 

when it comes to planning and execution of digital transformation projects. Kozarkiewicz 

(2020) considers this to be a gap in the digital transformation industry. Digital transformation 

projects has it’s own risk assessment related challenges and demands (Mican et al., 2021). Eight 

main gaps were identified within risk assessment of digital transformation projects including 

shorter strategy period, technological volatility, organizational subsystem, organizational 

evolvement from physical to cyber-physical systems, real time data exchange with external 
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stakeholders, data size and frequency, risk factors emerged from Highly Dynamic Environment 

which requires flexible framework to assess uncertainty of frequent requirements change, and 

risks resulted from Complexity of Environment. Furthermore, (Shqairat and Sundarakani, 2018) 

have studied the agility of oil and gas value chains precisely in the United Arab Emirates which 

is within the same region of Sultanate of Oman so study results can be common between both 

countries due to the geographical proximity and similar nature of country resource of income 

which is oil and gas in this case. Shqairat and Sundarakani (2018) classified the value chain as 

complete series of activities and processes that firms perform to convey a service or a product 

from its conceptual design stage to its finish stage to be used by end consumers which digital 

transformation falls under. In their study they reported that the value chain in UAE has a high 

level of uncertainties due to the nature of the oil and gas industry, and therefore there is a need 

for dynamic value chain capabilities. Such dynamic value chain requires constant reevaluation 

of organization structure, technology and partners. The more agile the value chain is the more 

likely for the organization to invest, explore and create dynamic competences and therefore a 

better performance level could be achieved within time.           

The researcher also reviewed digital transformation literatures outside the domain of oil and gas 

industry and found that the performance of related projects to digital transformation heavily 

relies on the consistency of the strategy formulation with project management framework. Lack 

of such consistency leaves a gap in the organizations to respond to market uncertainties, risks 

associated with the technology, environment complexity and dynamism as well as frequent 

client’s requirement changes (Correani et al., 2020). 

To frame recommendations for managing digital transformation projects with particular focus 

on oil and gas industry. 

4. Research Methodology 

Thorough understanding of dimensions of agile framework, waterfall framework, complex projects 

success criteria and project governance is must in order to develop a framework for digital 

transformation project which is considered of a complex nature and usually highly associated 

with uncertainty. According to Mukherjee (2018), there is no single optimal method for eliciting 

views. From this perspective, to rank and select the most adequate method, the researcher will 

compare three methods strength and weaknesses including interviews, focus group and Delphi 

method to understand their application adequacy in complex projects environment. The key 

questions that will be considered when selecting a technique: Which method can be used in 

projects of high uncertainty? What are the resources needed in terms of experts and money? 

And does the project involve high level of conflict opinions? (Mukherjee, 2018). Young et al. 
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(2017) have conducted an initial comparison between the techniques mentioned earlier and 

found that interviews enable accurate understanding of the questions but are more costly in this 

particular case due to the geographical proximity of the sample group. Within the same context, 

(Young et al., 2017) have also found in their research that interview technique can’t elicit 

correlations between variables of the research, therefore, interview method needs to be 

supplemented with another method. It was also found during the initial comparison between the 

techniques that focus group is an expensive choice in this particular case due to having the 

sample in different regions, also the variance in the level of experiences within the sample could 

lead to context specific discussions and subject to numerous biases and conflict opinions 

(Mukherjee, 2018). The technique is also subjected to researcher assumption that group 

consensus represents individual consensus (Nyumba et al., 2018) which could lead to false 

conclusion. Delphi method was found at this stage of comparison of techniques to be the most 

adequate choice considering the nature of the sample geographical locations and variance level 

of experience (Mukherjee, 2018). The iterative nature of the method also was considered to be 

the right approach in the case of complex project which are associated with a lot of uncertainty 

and require a deep expert reflective (Keenay et al., 2011). Delphi technique is also a method for 

structuring an effective process of communication to allow dealing with complex problems 

(Rikkonen et al., 2006). According to Alder and Ziglio (1996), face to face interaction could 

cause negative effects on the responses to the questions. Alder and Ziglio, 1996 also believed 

that group dynamics and heterogeneity could also influence the decision making process. 

Delphi method helps to remove the bias that is possible when diverse group of experts meet 

(Grisham, 2019). Delphi method helps avoiding group thinking as the research sample will have 

project manager of various levels of experience and a product manager. Delphi method has the 

flexibility to be conducted electronically as the research sample will be located in different 

regions. Grisham (2019) considers Delphi technique as an option for complex intertwined 

subjects that cross over disciplinary boundaries. Effrah et al. (2018) argue that the iterative 

approach and the expert structured feedback in Delphi method helps defining complex problems 

where little is known. In the case of this research, project management and product management 

are interrelated subjects that contribute into developing a framework for complex projects of 

digital transformation which requires understanding the product requirements and the needed 

project management tools and processes to develop the product through the iterative feedback 

of project management and product management experts. According to (Grisham, 2019) Delphi 

method is suitable and appropriate to access such level of reflective knowledge and expertise 

as it applies to the cross over disciplinary boundaries.  On the other hand, Delphi method have 
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high dropout rate and sometimes poor response rate (Hon et al., 2012). Mukherjee (2018) also 

believes that Delphi method requires a lot of time for preparations and sometimes it is hard to 

avoid convergence to the group mean in iterations.   

 A similar approach was adapted by (Torrecila et al., 2018) using Delphi method to validate a 

mature agile framework for web development project. Torrecile et al. (2018) presented a real 

example of an application of a Delphi-based expert judgment method to assess the benefits and 

limitations of the framework. Torrecile et al. (2018) supported the use of Delphi method to 

evaluate Project Management hybrid framework. Within the same context, (Turetken et al., 

2017) used Delphi method to evaluate an existing maturity model to develop a scaled agile 

framework in software development organizations. According to Turetken et al,(2017) the 

Delphi study contributed significantly to the relevancy and validity of the model. Within the 

domain of construction projects, (Rana et al., 2018) used Delphi method with combined 

systematic literature review (SLR) to develop a risk management framework for complex 

projects in construction industry. Rana et al. (2018) used a combined approach of SLR and 

Delphi method to increase the robustness of the framework by validating through the use of 

explicit knowledge in form of literature and past projects to identify the risk dimensions, and 

then to use the iterative expert feedback of Delphi method to expand and validate the list of risk 

dimensions. Rena et al. (2018) in their study recommended the combined method of SLR and 

Delphi method for framework development and evaluation. Grishman (2009) used Delphi 

method in the Doctor of Project Management Program to develop and validate a model of cross-

cultural leadership attributes.  

At this stage of PhD research it was found after reviewing many existing literature that Delphi 

method has a better ranking than other methods, but authors like R Avella (2017) believes 

Delphi has a high dropout rate and poor response rate. Delphi method also requires a lot of 

planning and time for preparation (Nibedita et al., 2017). According to Linstone and Turoff 

(2002), bias may influence the Delphi method output due to the extraordinary authority and 

influence given to the researcher. Sackman (1975) indicated that the consensus process does 

not lead to the “best” option. Therefore, this will require to consider method ranking analysis 

in the research to decide on the most adequate research method.  

As a first stage of PhD research, the SLR will be conducted on literatures mainly from Project 

Management journal and International Journal of Project Management mainly from 2017 to 

2022 considering database of Emerald, IEEE and EBSCO. The process of SLR will comprise 

seven stages including stage 1 where the selected databases and journals will be searched 

(complex projects, framework, digital transformation, agile, waterfall, hybrid). In stage 2, the 
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papers will be screened based on publication year, language and citation number. In stage 3, 

snowballing will be conducted on the selected publications. During stage 4, the titles will be 

analyzed. In stage 5, the selected articles content will be further reviewed. In stage 6 a quality 

check will be performed. The final set of articles will be selected in stage 7. 

The aim of this stage of methodology is to assess four dimensions by the sample: 

• Agile: To develop and assess the extent to which the framework guarantee adjustment to 

new requirements, quick value delivery and stakeholder engagement 

• Waterfall: To develop and assess the extent to which the framework guarantee proper initial 

planning and collecting of initial requirements of the stakeholder 

• Complex Project Success: To develop and assess the extent to which the framework 

approach different complex projects specific and generic goals 

• Governance: To develop and assess the extent to which the framework comprises the needed 

governance for project cost, time and scope.  

• Chronbach’s alpha will be applied to measure the questionnaire reliability. Qualtrics will be 

used to distribute the survey to the experts panel during the Delphi method. 

Through reviewing the literature it was found that the sample size for qualitative study varies 

as minimum of 3 to maximum of 200. For instance, Lim et al, (2000) used a sample of 3, 

(Nambisan et al., 1999) used a sample of 6 and Roberson et al, (2005) used a sample of 171. 

According to Effah et al, (2014), there is no optimal sample size of Delphi panel. Boje and 

Murnighan (1982) stated that there is no significant correlation between sample size and 

effectiveness of Delphi method. Murphy et al, (1998) argued that the bigger panel size can yield 

more reliable results.  

The research will use a sample of 10 experienced project managers and 1 product manager. The 

research sample will involve experienced project managers of more than ten years’ experience 

in the domain of digital transformation in the oil industry in the areas of agile project 

management and waterfall project management. Non-probability Quota sampling will be used 

as the structure of the population is known. The sample frame will consist of two senior project 

managers at management level, four senior project managers at execution level, and four project 

managers at operational level. Always the risk of biases is there in such sampling approach.  

Qualitative method and Quantitative method will be both used to analyse the data collected 

from the sample.  The Deviation technique will be used for measuring the consensus among the 

panel experts (Effah et al., 2016). The Qualitative Method Analytical Framework strategy 

which will be used in this research is the Thematic Analysis. The essential purpose of using this 

strategy is to identify the pre-defined research themes or patterns that are related to the research 
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topic under project characteristics, project team characteristics and organization characteristics 

that could occur across the dataset. So semantic approach will be used as specific subthemes 

related to the main themes will be focused on. The pattern across dataset coding template will 

be used for the transcripts captured through the interviews. The quantitative data will be 

collected using survey method to examine the use and impact of three project management 

approaches (waterfall, agile and hybrid) on project performance. The sample of 100 candidates 

will be used in the research. The research design will include a pilot of 5 project managers to 

assess the survey questions. The survey will ask 5 questions related to project performance 

(dependent variable) using 5-point Likert scale for each independent variable. Factor analysis 

of these independent variables of success criteria will include budget and time success, scope 

& requirement collection success and finally stakeholder success. The internal consistency of 

each scale will be supported through an analysis of Cronbach’s alpha. The Quantitative Method 

Analytical Framework strategy which will be used in this research is first to utilize the 

parametric data to find out the inference between the sample used and the population through 

using the P-value. The confidence interval for the mean which will be used is 95%. Independent 

sample of two tail t-test will be conducted and Leven’s Test for Equality of variance will be 

performed. Second, linear association between variables will be tested using Pearson 

correlation. Also, r square adjusted will be calculated to find out the correlation between the 

independent categorical variables. Third, Multiple Regression will be run to further regress on 

the data points in order to enhance the prediction accuracy of the regressed model. Also, 

coefficient table of the standardized coefficients and the unstandardized coefficients will be 

conducted to evaluate the statistical significance of each independent variable. To avoid 

multicollinearity problem associated with highly correlated data, both Principal Component 

Analysis PCA and Factor Analysis FA will be run. Factor Analysis will also enable to identify 

the high load variables and cross loading. The Quantitative Analysis will be concluded with the 

segmentation task of variables. SPSS will be used for all the Quantitative analysis. 

5. (Expected) Findings 

The researcher is expecting Delphi method to be the most adequate research method considering 

the geographical proximity of the research sample and complexity of the research phenomenon. 

The researcher also expects a hybrid framework of Project Management would be the most 

adequate to run complex project through leveraging on the flexibility of the agile approach and 

waterfall approach governance.  On theory level, the researcher is expecting discover 

complexity causal explanatory factors related to the nature of the oil and gas industry in the 

digital transformation field. 
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6. Originality, Value and Implications 

The original contribution of the research to the academia will be to do a comprehensive review 

of to identify the best method to develop and evaluate complex digital transformation 

framework in oil and gas industry in Oman. The research will also contribute to advancing the 

configurational theory in the field of project management through discovering configurations 

of explanatory factors and the correlations among these factors to explain causally complex 

phenomenon in the field of digital transformation by developing the best framework in Oman. 

The framework will help the practitioners to forecast the uncertainty of the projects in the digital 

transformation field and capture causal complexity through how and why multiple attributes 

combine into distinct configuration. This originality of theory incremental will help 

practitioners to enhance the performance of the projects in the field of digital transformation. 
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Abstract 

 
The shipbuilding industry is one of the oldest industries in the state of Goa. Earlier it used to 

cater needs of small vessels for fishing boats and cargo ships. Subsequently it become a very 

important industry due to increased maritime and mining activities and got involved in building 

of barges ranging from 1000 t to 5000 t. As is world over, the shipbuilding industry in Goa is 

also under continuous development and change. From conventional system of one ship at a time 

at a place it has now moved to modular construction process involving construction of 3 to 6 

vessels at a time at different places and at different stages of building. The building of ship 

involves various stages like fabrication of modules; Putting together modules to make a section; 

assembling the sections together to make a vessel, launching the vessel and then carrying out 

the outfitting works; before vessel is sailed to the destination  

It is a common practice that small parts (weighing up to 2 t) are fabricated inside or even outside 

the shipyards at various fabrication workshops. Such parts are assembled on skid to make a 

bigger part weighing from 5 t to 20 t and are referred as module. The modules are transferred 

on construction bay and assembled together to make a still bigger part weighing from 100 t to 

500 t and are referred as sections.  The sections are now transferred on a place commonly 

referred as grand assembly for joining the sections and making the ship ready to launch. The 

interior, furnishing and other such works are done after the launch of vessel and this is 

commonly referred as outfitting work.  

This paper presents a case study a Case Study on Planning, Designing and Construction Aspects 

of a 60t lifting capacity, 23 m span Goliath Crane Track Foundation covering a construction 

bay of 22 m wide and 100 m long. 

Key Words: Goliath; Shipyard; Moving Loads; Construction Bay; Foundation 
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Abstract 
 

Accumulation of moisture is one of the most worrisome aspects of a building. Architects and 

engineers tend to ignore its vitality during the designing and construction stage. Major fatalities 

in buildings can be caused by it. People avoid spending a lot of money on waterproofing. If the 

same mistake is repeated no deep thinking is done. The quality of workmanship and 

construction is depleting due to negligence. It is important to do an analysis of the water 

maintenance issues happening in the current buildings and give a database for all the factors 

that are causing the defect. In this research, surveys are done with two waterproofing 

consultants, two client engineers, and two project managers. The survey was based on a matrix 

that was based on the causes of water maintenance issues. There were 92 causes that were 

identified. The causes were categorized into six, namely, manpower, finance, method, 

management, environment, and material. In the matrices, the causes on the x-direction matched 

with the causes on the y-direction. 3 Likert scale was used to do a pairwise comparison between 

causes on each cell. Matrices were evaluated for main categories and for each category 

separately. A final ranking was done by the weights achieved and ‘cracks arriving from various 

construction joints’ was the highest with 0.57 relative significance and ‘usage of the material’ 

was the lowest with 0.03 relative significance. 12 defects due to water leakage were identified 

and interviewees were asked to do a pairwise comparison of them too to understand the 

priorities. When the list of causes is achieved, the prioritization as per the stratification analysis 

is done. This will be beneficial to the consultants and contractors as they will get a primary idea 

of which causes to focus on. 

Key Words: Water Leakage; Survey; Causes, Matrices, Prioritization 
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Abstract 

 
Urban Heat Island is one of the events where urbanisation affects the microclimate and creates 

a distinct temperature setting for a city. The increase in urbanization of Pune to accommodate 

the population influx has resulted into depletion of green cover leading to a significant rise in 

temperature across the city. The methodology involves observing the changes in LULC of Pune 

in the years of 2016 & 2018 respectively. This paper aims to examine the association of 

infrastructure parameters such as built, open and roads, etc. on the urban canopy layer (UCL). 

The causal factors contributing to change in urban fabric of a city results in the formation of 

urban canopy layer. The analysis will bring forth percentile change through comparison of 

LULC data of Pune. The study shall establish a pattern between transitions in infrastructure 

with temperature. 

Key words: urban heat island; residential; neighbourhood; open space; temperature 
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Abstract 
 

Human dependence on rain water as one of the most important resources can never be 

understated. Humans predominantly depend on surface and sub-surface sources for their day-

to-day water demands. Although the ultimate source of harvestable fresh water is rain, it is still 

an avenue mostly untapped and only the runoff water to rivers, lakes, etc. is used. It is necessary 

to implement and utilise both small-scale and large-scale rainwater harvesting systems, which 

can be a viable source of water. 

Rooftop Rainwater Harvesting (RRWH) technique is important and can be implemented almost 

anywhere with adequate rooftop area for rainwater collection. The amount of collected 

rainwater can be a potential source of for potable as well as non-potable water demand with 

minimalistic or almost no treatment. Which can reduce the load on the local source of potable 

water. 

The primary focus of the present study is to develop a system that provides the user with the 

design based model which can help in implementing an efficient and economic rainwater 

harvesting system. It gives the user specific data regarding the feasibility of the RRWH system 

for different sets of water demand, utilisation of current available storage or if there is a need 

for new storage. It also provides the information regarding how much water can be collected 

and utilised during dry months and reduces the structure’s reliability on the local source of water 

in terms of water demand and the associated monetary cost. The model also deals with sizing 

an optimum storage for the RRWH system. 

Key Words: Rooftop Rainwater Harvesting system; Feasibility model; Economic analysis; 

optimal sizing; water demand. 
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Abstract 

 
The construction sector is the second-largest workforce deployment after agriculture. The 

process of construction is drastically changed from labour-oriented to more mechanized. This 

change is inevitable due to the pressure of quantum work to be executed in a short time. 

Mechanized construction comes with a safer work environment and finishing the completed 

work per desired quality standards and specifications. Construction mechanisation has always 

been on the lookout for new methods that can cut down on project costs, boost productivity and 

quality, and shorten the amount of time it takes to deliver a project. To ensure the smooth and 

risk-free operation of the labour force and to reduce the likelihood of accidents occurring on the 

job site, the traditional safety procedures that have been in use up until now need to be updated, 

mechanised, and digitalized. In the construction industry, the use of mechanisation should lead 

to an increase in team collaboration, which, in turn, should lead to an increase in profitability, 

a reduction in costs, improved time management, and enhanced relationships with customers 

and clients. The coverage of this paper would be a core cause for the construction industry's 

failure to utilize 3D printing in the construction of building projects fully. Some of the obstacles 

to 3D printers in construction implementation are also discussed.  

Key Words: Construction technology; 3D printer, Project management. 
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Abstract 

A construction project lifecycle consists of communication between multiple stakeholders. The 

seamless information flow faces hurdles significantly in the code compliance process. The 

complex task of relation checking is often carried out manually by the urban local bodies. This 

process is error-prone, resource-intensive, and time-consuming. Application of the digital 

permitting process can irradiate these problems. The Systematic literature review shows the 

presence of methods and systems for virtual permitting in the research community. However, 

the negligible adaptation of the same in the industry can be identified by the lack of 

collaboration between systems. The building codes’ uniqueness and documentation style can 

be inferred as the reason for the lack of replicability of the systems. The study also indicates 

that Building information modeling (BIM) is one of the significant drivers toward implementing 

the digital permit systems (DPS). 3D object-oriented modeling with logical inter-relationships 

between building objects helps apply rule-based and machine learning-based automated 

compliance checking. The data-pre-processing that is required for automatic verification can be 

achieved through semantic enrichment. This indicates the integration of artificial intelligence 

and BIM as the next step for the industry in DPS. Finally, this article presents future research 

directions and explores the ways to further our knowledge in this area.   

Key Words: Automatic code compliance; Virtual permitting; Building Information Modeling, 

Semantic enrichment; Artificial Intelligence. 
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Abstract 

Building Information Modelling (BIM) has made a significant difference in many facets of a 

project, and it is a field of study where new dimensions are continually discovered and 

improved. Few studies integrate the BIM process with conventional project management 

monitoring and control tools such as Earned Value Analysis concepts to monitor project costs 

and proactively take corrective or preventive actions. To this end, the study's objective was to 

monitor project progress using Earned Value Analysis on a BIM-based project. A 3D model for 

two live commercial projects was foremost developed. Subsequently, quantity take-off for 

structural activities in the project schedule using Navisworks software. The computed cost 

model was further integrated with Earned Value concepts to determine the schedule and cost 

variances. The results showed that both the projects were over budget and behind schedule. 

Additionally, qualitative data was collected through interviews from the project site to validate 

the findings and understand the reasons for the delay. The findings from the study are expected 

to act as a stepping-stone for more comprehensive research and inclusion in practice. 

Key Words: Building Information Modelling; Earned value analysis; Construction projects; 

Project delays; Simulation 
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Abstract 

Construction Sector is the back bone for the development of the country. For the last few years 

construction sector is growing and contributing more than ten percent of gross domestic product 

(GDP) to the Indian economy. All the construction projects attracts huge amount of resources 

like manpower, machinery and money etc. To manage these resources effectively and 

completing the project with significant profit is really a hectic process to the contractors. In this 

hectic process the project manager is playing the pivotal role and striking the balance between 

the client, contractor and resources. The present research is aimed at selecting the right project 

manager using the Multi Criteria Decision Making (MCDM) methods like PIPRECIA (Pivot 

Pair wise Relative Criteria Relative Criteria Importance Assessment) and WSPLP (Weighted 

Sum method based on the decision maker’s Preferred level of performances) from the available, 

eligible candidates. Based on the needs and requirements of the project, an eligible criterion 

was framed by consulting client, contractor and experts in the construction projects. 

Key Words: Construction; Project manager; PIPRECIA; WSPLP; Selection 
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Abstract 

1. Purpose 

The purpose of the research is to assess the stakeholder’s roles and the productivity of 

engagement for the adoption of BIM in construction project using maximal spanning tree. 

2. Methodology 

The BIM experts were asked to assess the linkage between the two stakeholders and rate the 

productivity of engagement on 10-point scale. An MST of BIM adoption was developed with 

each node representing a stakeholder and each link representing the productivity of engagement. 

The objective is maximizing the overall productivity of stakeholder’s engagement in BIM 

adoption by connecting to stakeholders who can makes difference in BIM adoption with higher 

productivity. 

3. Findings 

It will yield the scenarios of BIM adoption with maximum overall productivity of engagement. 

The stakeholder node occupying the central position with all the links originating from it, is 

considered to handle the leadership role in BIM adoption, should it be a BIM manager or project 

manager? This requires the careful assessment of the BIM adoption goals.  

4. Originality and Value  

There has been lack of novel attempt to assess the BIM adoption with the effective stakeholder 

engagement. This study fills the void and proposed a novel research method using the maximum 

spanning tree. The essentials of team building for BIM adoptions have been demonstrated in 

the research. This research has an overarching implication for the BIM investors, clients and 

contractors to understand the dynamics of BIM adoption and team up with the BIM stakeholders 

which will maximize value in the adoption process.   

Key Words: Building information modelling; stakeholder’s engagement; BIM adoption; 

productivity of engagement; maximal spanning tree 
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Abstract 

The role of the planning engineer is crucial for successful planning, monitoring, controlling of 

the project. The Indian construction industry lacks the ability to implement project controls and 

project management tools leading to tremendous delays. It is crucial that at least planning 

engineers should be deployed for each construction projects for transparent reporting to sr. 

management. Collaboration & Synchronization between various departments during the project 

life cycle can only be achieved 100% by having a planning engineer in the project organogram. 

The proper organization hierarchy is essential for the implementation of the role of planning 

engineer. Project Controls department must be introduced for better working of planning 

engineers. This study examines the obstacles faced by the Indian construction sector when 

implementing the role of planning engineer. This study uses a questionnaire survey, answered 

by the industry experts. There were 140 respondents. The questions related to effectiveness of 

planning engineers were also covered. The responses conclude that the construction projects 

are grappling in implementing the role of planning engineer, thus, facing the biggest failure in 

getting the right reports at the right time leading to cost overruns, non-manageable change of 

scope & time extensions. The construction sector required to move from being unorganized 

sector towards being organized. Organizations as a whole should be more focused about 

ensuring the proper implementation of roles, responsibilities & authority of planning engineer, 

follow international recommended guidelines like AACE for understanding in detail about the 

role & responsibilities of planning engineer, provide latest software to planning engineer for 

digitalization of reports and provide appropriately training at the required time. 

Key Words: AACE; PMI, Project Planning; Planning Engineer; Indian Construction Industry 
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Abstract 

1. Introduction  

Estado da India (Old Goa) exists today as a monumental vestige and holder of memories of a 

lost city. Like any other medieval metropolis, a town is borne, developed, attains a peak, and 

finally declines. Estado da India has undergone all these phases during Portuguese rule. Today 

it is a living representation of our history of heterogeneous culture, heritage, traditions, 

architecture, sustainability, and social values. It is a responsibility to ensure that future 

generations have access to and connect to this heritage and understand the past importance of 

urban design and city planning. The city's growth began as a port town Ella during the pre-

Portuguese period; the shift was due to the overuse and silting of nearby historic capital port 

towns of Chandrapur and Gopakapattanam of the Kadamba dynasty. During Adil Shahi, after 

Bijapur, it served as the second Capital and a maritime commerce center. Because of its 

advantageous geographical location along the Arabian Sea, with fertile hinterlands, and 

equidistant from Malabar and Gujarat ports, it was conquered by the Portuguese in 1510 CE to 

become the seat of power controlling trade over Europe, Africa, and Asia. For more than 200 

years, the Portuguese maintained Goa as their Capital. 

2. Research Objectives 

The paper attempts to understand how the lack of infrastructure, the healthcare environment, 

and hygiene affects the decay and fall of the glorious medieval colonial Capital, Old Goa, Rome 

of the Orient. The goals are to examine hard and soft infrastructure; Understand the Portuguese 

conquest and social structure following the invasion; interpret the city form, fabric, urban grain, 

and imageability of urban environments. Research infrastructure, drinking water, and waste 

management; and understand population, health, hygiene, mortality, and prevalent diseases in 

Old Goa under its reign. 
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3. Brief Literature Review  

Archival and published primary sources on historical accounts provided informative and 

explanatory substance in understanding and contextualizing elaborately the city's urban design 

and planning, form, fabric, architecture, infrastructure, socioeconomic, political, and defense 

processes in the town of Old Goa. From the traveler's account, which included eyewitness 

accounts of Europeans visiting the city during that period and recording the activities of various 

urban administrative, ideological, and cultural orientations of the Portuguese state; the 

establishment and functioning of urban institutions like public, religious, commercial, 

institutional, educational, health, charitable, and residential structures.  

4. Research Methodology 

A snowballing method is employed, in which a current paper is read and the references listed 

were then investigated. The methodology is primarily based on available archive data from Goa 

archives, various online, digitized archival materials, and other published transcripts of archival 

material with additional support from maps, drawings, and sketches from the crown, state 

officials, missionaries, and travelers. Evidence of interpretation of history, literature, from 

prose, poetry, illustrations, paintings, folklore, oral traditions, information on various aspects of 

history, and site study. The research is divided into two categories: archive and field research. 

5. (Expected) Findings 

The research seeks to validate that poor infrastructure, impure water supply, inadequate 

drainage and sewerage, lack of waste management, and absence of preventive measures 

encourage diseases. It substantiates the outbreak of pestilence and epidemics that make the 

colonial city unfit and inhabitable to live in, resulting in the abandoning of a town and one of 

the root causes of a fall of an established glorious Colonial Capital. 

6. Originality, Value and Implication(s)  

Among many apprehensions for the decline and abandonment of the capital city like socio-

political changes, the decline in trade due to other European competitors, religious dominance, 

attacks by Dutch and Regional kingdoms, local migration, etc. The paper provides a new 

contribution of deficient infrastructure resulting in health and hygiene issues as one of the major 

reasons among others for the fall of the five hundred years old magnificent colonial Capital that 

reigned for over two hundred years. An insight into humankind about the infrastructure and a 

leaving city. 

Key Words: Heritage; Health; Hygiene; Infrastructure; Urbanism 
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Abstract 

1. Introduction  

Engineered Cementitious Composites (ECC) develop multiple sub-hairline cracks, unlike 

concrete which are difficult to visualize using conventional techniques.  The deformation of the 

ductile ECC is a challenging part In the field of RC beams strengthened with ECC, a challenging 

area is monitoring the strain evolution of the ECC strengthened area. In this framework, the 

stereo Digital Image Correlation (DIC) technique is spreading a great interest in the research 

community because of its low costs, effectiveness and capacity to monitor the displacements 

and strains during experimental tests. 

2. Objectives of the Study 

The main objective of this study is to develop crack characterization and crack width 

measurement tools for ECC strengthened RC beams by adopting the stereo DIC Technique.   

3. Brief Literature Review  

The DIC is the most common technique adopted by researchers for the deformation 

measurement of the RC beams. Marcinczak and Trapko (2019) investigated the efficiency of 

DIC to estimate the shear cracks of RC beam strengthened with p-Phenylene Benzobis Oxazole 

- Fiber Reinforced Cementitious Matrix (PBO-FRCM). The authors found that DIC techniques 

can accurately estimate the deformation of the beams. Yang et al. (2020) concluded that the 

DIC technique can estimate the crack widths and failure pattern of the RC beams strengthened 

with FRCM (such as ECC and Polymer-modified mortar (PMM)).  Al-Ghrery et al. (2021) 

investigated the behavior of concavely curved soffit RC beams strengthened in flexure with 

carbon fiber-reinforced polymer (CFRP) composites under static loading. Funari and Verre 

(2021) reported that DIC was in good agreement with those furnished by the LVDT in terms of 

the effectiveness of shear crack measurement on Steel Reinforced Grout (SRG) shear 

strengthened RC beams.  
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4. Research Technique 

At first, the conventional RC beam and RC beams strengthened with a different layer thickness 

of ECC will be prepared. The beam specimens will be tested under a four-point bending test 

along with the LVDTs to track the strain and deformation of the beams. The experimental setup 

is shown in Fig. 1. Further, the images of the region of interest of the beams will be captured 

by high-resolution camera for DIC at regular intervals. The collected images during the 

experimentation will be further processed in 3-D image correlation analysis to measure out-

plane deformations and characterize the cracks by using the stereo DIC technique. Finally, the 

stereo DIC system will predict the accurate crack width and strain contours by providing 

information in terms of strengthening system and loading criteria. The proposed methodology 

is shown in Fig.2. 

 

Fig. 1 Experimental setup for stereo DIC technique 

 

Fig. 2 Proposed methodology 
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5. Expected Results  

The performance of the ECC strengthened RC beams will be checked and the stereo DIC 

technique will be developed to accurately predict the crack characteristics and nature of the 

cracks. 

6. Originality, Value, and Consequences 

The DIC is the versatile technique adopted for deformation characterization of the conventional 

RC beams, however, the accuracy of the stereo DIC technique for the ECC strengthened beams 

to characterize the damages is still undetermined. This research proposal will examine the 

performance of stereo DIC for ECC strengthened beams for the determination of multiple finer 

cracks and measuring the crack width.  
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Abstract 

1. Introduction 

At its core, every business, to be successful and sustainable, needs to deliver profit. And going 

by the famous saying, you cannot improve what you cannot measure, measurement is critical. 

Measuring profitability, its trend, its trough, and peaks is important for every business. And in 

this digitally connected data driven world, profitability and other business metrics are tracked 

& presented on interactive digital dashboards. And these dashboards are driven based on 

backend logic powered by BI (Business Intelligence) tools put together by Finance and 

Analytics teams, to help decision makers make informed decisions.  

The important question to ask here is, what is the level of trust that decision makers have on 

these dashboards? What percentage of financial decisions are taken via these dashboards 

compared to otherwise. 

2. Research Objective(s) 

This research has the following research objectives: 

• Understand from business leaders the level of trust they hold in the Financial Dashboards 

prepared by the Financial and Analytical teams and how this trust level can be increased?  

• Are the dashboards so used, easy to understand and interpret, and effective enough to drive 

informed decision making, or do leaders still do parallel spreadsheet calculations to drive 

decisions. 

• Have the dashboards helped them in better understanding the financial side of business and 

do they help drive or grow profits by taking timely action. 

3. Brief Literature Review  

Interactive dashboards are compilation of elements like charts, tables, maps etc. which help 

represent complex inter-connected data through easy-to-understand visualisations. By bringing 

the most relevant information into a single page, dashboards enable performance monitoring 

across any metric (or KPI) and support informed decision making. Although we are seeing a 
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exponential increase in adoption of dashboards, there are challenges that exist which minimize 

it being used to its full potential. (Alhamadi, 2020). 

Some of the key challenges derived from literature are: 

• User flexibility challenges: A user is unable to locate a feature they need to utilize the 

dashboard effectively. For e.g., data-drill down (a feature that lets you better understand the 

underlying data behind a KPI or metric), as a feature is not available, then the user will need 

to look elsewhere for the data and somehow defeat the purpose of having a dashboard. 

• Data design challenges: This refers to any issue in the data driving the dashboards, i.e.  any 

issue with the underlying data that hinders the utilization of dashboards. For e.g., The 

interpretation of data may be misleading if the data is of low quality, missing or incorrect. 

• Social impact challenges: Describes how dashboards are perceived personally or socially 

by people. For e.g., the knowledgeable users may feel that they are unable to get new 

insights from the dashboard, or by simply visualising the data in certain manner. Hence, 

they may not be inclined enough to refer of use these dashboards. 

Another common challenge could simply be inability of an organisation to have relevant 

internal data skills to prepare dashboard deemed fit by business professionals to take decision 

based on. And for some, just the thought of managing large data and giving generalised 

outcomes may not be comfortable enough.  (Alexander, J. 2018) 

An analytical dashboard is more than just a summary screen; it serves as a gateway to 

navigating, digging into, visualizing, and interpreting layers and layers of interconnected data 

in a single visual representation. (Dubriwny & Rivards, 2004). A dashboard like this increases 

the user’s ability to manage a large repository of voluminous, varied and sometimes rapidly 

changing data (Brath & Peters, 2004). These systems make domains comprehensible and 

intuitive to interpret, without requiring specialist analytical skills.  

As Stephen Few (2012) puts it, “it is my role to be the voice of reason, constantly asking the 

question: “But does it work?” Does it give the ability to find meaning in the data, make sense 

of it, or communicate it regardless of how cool it looks or how much it dazzles the eyes? 

It is imperative that managers identify the leading indicators of performance in order to create 

an effective system of performance improvement reports. For e.g., It is essential to know the 

ending receivable balance and sales for the period to calculate DSO, a key but lagging indicator 

of accounts receivable performance. The best performance report, however, tracks key leading 

indicators such as revenue patterns and collections weekly. Based on the interim measures, 

decision makers can better estimate the future predicted ending receivables and take required 

corrective actions more pro-actively. 
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Furthermore, traditional financial reports are prepared with accountants in mind, not for 

nonfinancial managers and employees to understand and take decisions. This can lead to key 

trends and exceptions getting extremely difficult for decision makers to identify and act upon. 

Research methodology 

This study wishes to better understand individual behaviour and experiences while interacting 

with digital dashboards (especially revolving around the financial aspects of the project).  

Hence, this will be done by interacting (interviewing) the decision makers of consulting 

organizations, working in the construction sector. Interviews will be semi-structured, based on 

a mix of close ended survey questions and open-ended discussions around the topic. 

The results of the interactions and survey will be summarised to derive findings, and document 

what improvements are required. 

4. (Expected) Findings 

What are the key metrics when tracked effectively on financial dashboards can assist business 

leaders in making informed decisions? 

Are the financial and analytical teams flexible enough to customize dashboards according to 

business leaders’ requirements, or do they expect business leaders to interpret and understand 

existing dashboards. 

What is the source of data that drives these dashboards, and how well it can be trusted? 

Especially, how does business predict future performance and on what basis. 

5. Originality, Value, and Implication(s) 

Consulting business (especially the Project Management Consultancy) in the Construction 

Sector has seen a sharp decline in the margins now, from the levels they enjoyed in early years 

of their establishment (like 1990-2010). This is happening due to increased competition and 

cost cuts brought by potential clients, in recent years and especially post pandemic. Hence there 

is a clear demand to increase profitability for this industry to thrive and attract and retain talent. 

Else it may lose out on the edge it offers and may become obsolete. Thus the larger study 

undertaken as part of PhD Research work focuses on how profitability, margins and eventually 

employee benefits can be increased to help this industry thrive in future. 

Key Words: Profitability, Business Intelligence, Digital Dashboards, Consulting, 

Construction 
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Abstract 
1. Introduction  

Minarets constructed of stone are the most significant historical structures in India. UNESCO 

has classified several minarets, including Qutub Minar, Hiran Minar, and Char Minar, as World 

Heritage sites. Due to prior earthquakes, cyclones, and other natural calamities, the minarets 

have deteriorated dramatically. The stability of minaret structures depends on the familiarity 

with its structural information, the technique of construction, the designer's experience, the 

seismicity of the location, and the availability of building materials. The following are some of 

the issues with the minaret structures: 

A. Due to natural climatic change, the deterioration of monumental constructions is sadly fairly 

typical. 

B. The significance of the heritage structures from an economic standpoint is due to their value 

as tourist attractions. In addition, hundreds of thousands of individuals enforce stringent 

controls and maintenance efforts to ensure the preservation of these structures alongside an 

adequate level of security. 

2. Objectives of Study 

On the basis of the problem statement, the following study objectives are formulated: 

i. To characterise the material of chosen historical minarets using non-destructive testing 

(NDT) techniques.  

ii. Damage survey of the historical minarets using the Structure from Motion (SfM) 

technique of photogrammetry to acquire information about crack patterns, degradation, 

and colour recognition. 

iii.  Developing an artificial neural network (ANN)-based prediction model for the material 

characterization of the selected minaret structures based on the findings of NDTs and 

photogrammetry. 
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3. Brief Literature Review  

Through photogrammetry and discrete element analysis, Napolitano & Glisic (2019) identified 

the crack patterns of the brick wall. Using photogrammetry, the condition of the wall was 

examined before and after its cracking under various load patterns. In addition, the sources of 

wall damage are modelled using discrete element analysis. This strategy was finally applied to 

the Baptistery of San Giovani in Florence, Italy in order to comprehend the damages and their 

causes. Borin & Cavazzini (2019) provided a three-dimensional assessment of the RC bridge's 

condition. The authors utilised an R-CNN neural network to train the concrete cover detachment 

dataset. Subsequently, photogrammetry and the neural network are utilised to build an image 

that estimates the spalling of concrete in the BIM environment. In addition, the methodology 

was validated through a case study conducted in northern Italy. Emanuela et al. (2019) 

quantified the stone's damage using SfM and image analysis methods. On the basis of image 

processing, the five levels of deterioration in the stone are quantified and the loss of material is 

evaluated. Cavalagli et al. (2020) offered a UAV photogrammetry survey via which a 3D model 

of the historical structure and its current damages might be obtained. The conclusion of the 

investigation included the precise actual geometry of the historic bridge's structure as well as 

cracks and current damage to the entire bridge. 

4. Research Techniques 

Phase I: Documentation of the history of the structure and historical seismic activity in the 

vicinity, past repair work will also be undertaken. A visual examination will be conducted to 

determine the current state of the structure and its components. 

Phase II: Using an ultrasonic test, the fracture pattern survey, categorization of wall 

discontinuities, masonry morphology survey, material degradations, flaws, and crack 

propagation detection will be conducted. 

Phase III: For precise geometry, a three-dimensional model will be constructed to localise 

cracks and defects. Images obtained during the photogrammetry scan will be used for material 

characterization, deterioration analysis, and damage mapping. 

Phase IV: The photogrammetry images and NDT results will be used as inputs in an ANN 

prediction model to forecast the material properties. 
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5. Expected Results 

The physical properties of the historic masonry material will be estimated. Subsequently, the 

state of deterioration of the historic stonework of the selected minarets. A 3D geometrical model 

of the historical minarets incorporating the present-day damaged condition will be obtained, 

which can be utilized for performing different numerical analyses. 

6. Originality, Value, and Consequences 

The current condition of the historic minaret constructions is uncertain due to the absence of 

assessment documents. In addition, the use of photogrammetry in historical structures of 

national significance is a relatively new technology. Assessing the current historical masonry 

material qualities of the selected minaret structures is an urgent condition assessment 

requirement. Integrated knowledge of photogrammetry and NDT findings will be used to build 

a machine learning-based model for forecasting damage to chosen minaret structures, which 

will aid in the planning of conservation strategies for selected historic monuments. 
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Abstract 

1. Research Problem 

Following a natural catastrophe, the aftermath for evaluating buildings' damage level is often 

based on manual visual inspection. While comprehensive, the process usually takes several days 

to months to achieve. Mainly, manual inspection involves error-prone, redundant, and 

inaccurate assessment. An in-situ sensor network assessment is impractical with respect to cost 

or deployment time.  

2. Innovation/novelty 

The possibilities of UAV data and satellite data are underutilised of infrastructure management. 

The novel tribrid approach that involves UAV and satellite data and verification with field data 

correlates with global data. The presented unique approach gives leverages to overcome each 

other deficiencies, as shown in Figure 1. 

 

 

Figure 3 Integrating lower and higher spatial-temporal data. 
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3. Literature   

The potency of optical and radar satellite data in disaster management applications is well 

known. Various studies have been conducted in recent years following major disasters to 

calculate losses (Turker & Sumer, 2008) (Janalipour & Mohammadzadeh, 2016).Due to the size 

of the damaged structures being too small compared to the pixels, the spatial resolution datasets 

in the past decades did not allow for accurate loss estimation. The inaccurate estimation leads 

to inadequate financial decisions corresponding to the redevelopment of infrastructures. On the 

other hand, the use of aerial imagery, especially unmanned aerial vehicles (UAV) based 

monitoring, has shown significant application in infrastructure development (Srivastava et al., 

2020) (Li et al., 2019) (Naito et al., 2020).In literature, the assessment based on the satellite and 

aerial data is explored separately, but the fusion of data in disaster recovery management is still 

unexplored. Thus, there is a need for integrated modelling approaches which also provide a 

framework for financial decisions. The large-scale damage assessment may have errors and 

uncertainties but can be modelled using the proposed tribrid model. The modelling involves the 

superimposition of different data sets obtained from hyperspectral satellite imagery, high-

resolution UAV imagery, and field observation data. The superimposition of the data set in a 

common coordinate system can be achieved by generating orthophoto images with UAV, and 

the damage is then assessed by 3D,4D reconstruction of missing elements using UAV data to 

access the damage. The model provide a more realistic estimate and a rating on the Damage 

Scale (DS).Based on the DS, a framework will be developed using machine learning approaches 

(Nex et al., 2019) which decides the types of treatment needed for infrastructure,  

4. Proposed Solution 

Development of assessment model using multi-temporal satellite data, high-resolution aerial 

imagery, with field survey. This comprehensive model determine the structural and functional 

condition of each infrastructure. Based on the assessment, some frameworks can be developed 

for the post-disaster recovery financial decisions. The assessment and decision framework are 

optimized using machine learning approaches.  
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5. Research Methodology 

Satellite data (such as GEO-CAN, UNOSAT, and IKONOS) provides pre and post-disaster 

optical/hyperspectral imagery with ariel imagery accuracy ranging to a few inches. The data  

will then processed together to enhance output, and correlation will be established using a field 

survey. The obtained result can be used to make short-term and long-term financial strategies 

as shown in Figure 2. 

Figure 4 Proposed research methodology. 

6. Practical Application and Implications 

The output of the study may help engineers for validating the ground truth while deciding 

strategies for induvial structure (Repair, Rehabilitation, retrofitting or Reconstruction). The 

output of the research may also help decision-makers and the government to make the financial 

decisions efficiently.  

Key words:  Structural Health Monitoring; UAV, Remote sensing; satellite data; Machine 

learning; Infrastructure monitoring 
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