
International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org  

Volume 3, Issue 9, September 2014         ISSN 2319 – 4847 
 

Volume 3, Issue 9, September 2014                                                                                         Page 1 

 

 ABSTRACT 
The construction industry in India is estimated to be worth $120 billion per year.  The sector caters to the needs of over a billion 
people and contributes 5.5% to the nation’s GDP. However, this industry continues to face challenges around skill shortage, rise 
in material and labor costs, and socioeconomic changes. The primary intent of this research study is to focus on the India 
construction transportation sector with an emphasis on multiple project risk factors. A data collection questionnaire was 
administered to Indian construction companies with a 66% response rate. Respondents were asked to rate among 30 identified 
industry risk factors. Three tests were performed to assess the data’s reliability, correlation between the variables, and relative 
importance of risk factors among each other. The study results indicated that several of the risks highlighted have a high impact 
even if the probability of occurrence is low. It is also understood that project management teams are not effective in terms of 
communication with project stakeholders, and are incapable of formulating the correct strategies when projects are not in good 
health. The research outcome suggests that the Indian construction transportation sector needs to employ innovative technologies 
and better contract management strategies to overcome project risk factors.  
Keywords: Risk Identification, Risk Classification, Risk Assessment, Transportation Projects, and India Construction 
Industry 

1. INTRODUCTION 
Risk is involved in every business, and the Indian construction industry is no exception. Because of the nature and the 
size of the projects, the construction industry in India continues to face challenges around shortage of talent, rise in 
material and labor costs, and changes to socioeconomic conditions. Finances are a major source of worry in India, as 
international funding is limited. The Eurozone and the United States’ economies are having an impact on the 
infrastructure sector in India, which directly affects the general economy and also specific sectors such as railway freight. 
 

 
Figure 1. Infrastructure Investment in India as a share of GDP 

(*Figures are based on estimation done in 2008-09, # Projected) 
The Indian construction industry is estimated to be worth about $120 billion per year. As seen in Figure 1, construction is 
growing due to the booming economic activity, large-scale expansion plans, and infrastructure projects including 
transportation, energy, and natural resources. It is estimated that construction is the key economic activity in India 
accounting for almost 15 percent of the nation’s Gross Domestic Product (GDP) [1]. Therefore, managing construction 
risks in India is critical. It is necessary to identify and study commonly occurring risks in the construction projects 
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pertaining to factors both internal and external. The aim of this research is to focus on risk assessment related to the 
Indian transportation industry.  

1.1 Overview of the Indian Transportation Sector 
The Indian transportation sector caters to the needs of over a billion people. Its contribution to the nation’s GDP is about 
5.5 percent (2007-08), with road transportation contributing the largest share in the sector. Infrastructure plays an 
important role in establishing physical connectivity between urban and rural areas, which in turn fuels the economic 
growth of the country. Since the early 1990s India's growing economy has demanded that transport infrastructure and 
services be commensurate to sustain the growth [2]. However, the sector has struggled to keep pace with this rising 
demand and may result in slowing down of economic growth. Some statistics on the major economic sectors can be found 
in Table 1. Major improvements in the sector are required to support the country's continued economic growth and reduce 
poverty. Some major challenges facing the transportation sector in India are:  
 Congested and poor quality roads.  
 Poor access to rural areas.  
 Severe capacity constraints on railways.  
 Severely congested urban centers. 
 Inefficient and poorly managed port infrastructures. 
 Insufficient airport infrastructure. 

Table 1. Major Indian Economic Sectors and Key Statistics 

Sector Number of Projects 
Delayed 

Delay Period in Months Cost Overrun/Percentage 
Escalation (INR billion) 

Roads and Transport 78 2-101 22 (8%) 

Power 47 1-83 146 (12%) 

Oil & Gas 31 4-120 83 (10%) 

Railways 27 2-204 302 (137%) 

Urban 1 24 52 (82%) 

Coal 17 9-48 31 (27%) 

Shipping and Ports 10 2-93 8 (10%) 

1.2 Significance of the study 
With a population of about 1.2 billion people, transportation in India is imperative to the nation's economy. Since the 
economic liberalization of the 1990s, development of infrastructure within the country has progressed at a rapid pace, 
resulting in many modes of transport by land, water and air. Though the number of motor vehicles is low when compared 
to global standards, the automobile industry in India is rapidly growing, with a production of over 4.6 million vehicles 
[3]. Public transportation still remains the primary mode of travel for most of the population, and India's public 
transportation systems are among the most used in the world [2]. As of 2011 India’s rail network is the 4th longest and 
the most heavily used system in the world, responsible for transporting 7,651 million passengers and over 921 million 
tons of freight annually [4]. 

2. LITERATURE REVIEW 
The Project Management Institute (PMI) defines a project as a temporary endeavor undertaken to create a unique product, 
service, or result. Although repetitive elements may be present in some project deliverables, this repetition does not 
change the fundamental uniqueness of the project work. There may be uncertainties during the course of projects because 
of their unique nature. These uncertainties are referred to as risks. Risk is an uncertain event or condition that, if it 
occurs, has an effect on at least one project objective such as cost, quality, or scope. A risk may have one or more causes 
which in turn could have one or more impact. Global Industry Analysts, Inc. (GIA) is a leading publisher of “off-the-
shelf” market research. In a recent article in Construction Business Owner, GIA stated that, “The global construction 
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industry is forecast to register consistent growth in terms of construction spending with developing countries such as 
China and India leading the growth chart.” Spurred by huge transportation infrastructure investments from government 
in these nations, the industry could rise at impressive growth rates. The rapid growth of construction sectors in emerging 
markets is largely attributed to the increased emphasis on transportation infrastructure development activities. GIA also 
pointed out that China, India, Indonesia, and Vietnam are expected to be frontrunners in construction spending.  
However, in India, “indisputable need” and “significant potential” collide with inefficiency, corruption, and unbridled 
population growth and urbanization. For all its high-profile infrastructure projects in recent years—a national highway 
system connecting its four largest cities; modern airports; subways in New Delhi, Bangalore, and soon Mumbai as well as 
Hyderabad; and a score of major power projects—the country chronically struggles to meet the needs of an economy that 
has been growing at a heady 7 percent annual clip. In fact, analysts suggest that infrastructure bottlenecks prune the GDP 
by at least two percent annually [5].  On a project or case-specific level, all parties/stakeholders to the project need to have 
a similar notion to the way the Risk Management (RM) process is conducted. It is essential to realize that uncertainties 
are inevitable, and the need is to identify which of these uncertainties may affect the project objectives, either positively or 
negatively. Construction management traditionally includes process groups and a control system. These process groups 
generally include Initiation, Planning, Execution, Monitoring and Controlling, and Closing. After the Initiation Stage, 
the project is planned to an appropriate level of detail. The main purpose is to adequately plan time, cost, and resources in 
order to estimate the work needed and effectively manage risk during project execution. Project risk management 
describes processes involved with identifying, analyzing, and controlling risks for the project.  Risks are prevalent at 
every stage of a project. It may not be possible to identify all the risks but if handled at a preliminary stage it could help 
make a project successful, leading to revenues for all project participants. Effective governance and risk management is 
critical to the success of any major construction project. Various researchers in the past have tried to determine the factors 
that influence the smooth completion of a project. Many variables have been found in the literature and therefore, it was 
decided to include previously studied factors that are applicable to the Indian transportation industry in this study. Every 
transportation project contains some degree of risk and yet, most project managers are ill-prepared when it comes to 
identifying or adequately addressing potential risks [6]. Trying to identify all the risks is time-consuming and 
counterproductive. Attempts to consider every risk are doomed to fail. In this research, factors were identified that 
influence the smooth completion of a construction transportation project. This required feedback from construction 
professionals, contractors, technical consultants, and project management experts which ensured that a fair cross section 
of project participants is covered and that their views are reflected. Various factors were classified into major groups in 
support of an appropriate methodology.  

3. RESEARCH TASKS 

The research tasks of this study include (i) Risk classification; (ii) Risk identification; and (iii) Statistical methods, which 
are presented in the following sub-sections.  Section 4 of this paper will discuss the research results. 

3.1 Risk classification 

There are a number of uncertainties or “risks” that could occur, hindering the goal of completing a transportation project. 
Timely completion is considered a success factor, then there are many uncertainties that result in risk factors such as 
weather, productivity, clearance from regulatory agencies, socio-political factors, scope changes, site conditions, soil 
condition, material delivery time, and equipment efficiency. Similarly, if quality that conforms to standards is considered 
a success factor, then there are uncertainties such as workmanship, supervisory skills, training standards, and the 
execution at the site that influence the risk of project completion. Various risks were identified mainly through literature 
review research. A Risk Breakdown Structure (RBS) was constructed to organize the different categories of project risk as 
shown in Figure 2. The RBS shows risk groups, risk categories and risk events at the lowest level. To improve the risk 
identification process, risks can be categorized based on their source. Project risks were categorized as either internal or 
external. Internal risks are those that are related to a project and typically fall under the control of the project 
management team. On the other hand, external risks are those risks that are beyond the control of the project 
management team. Internal risks are initiated inside the project while external risks originate due to the project 
environment [7]. Internal risks are then divided according to the party who might be the originator of risk events such as 
owner, designer, contractor, etc. External risks are those initiated at the macro level [7].  
 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org  

Volume 3, Issue 9, September 2014         ISSN 2319 – 4847 
 

Volume 3, Issue 9, September 2014                                                                                         Page 4 

  
Project Risks 

 
Internal Risks 

 
External Risks 

O
w

ne
rs

 

D
es

ig
ne

rs
 

Co
nt

ra
ct

or
s 

Su
b-

Co
nt

ra
ct

or
s 

Su
pp

lie
rs

 

Po
lit

ic
al

 

So
ci

al
 &

 
Cu

lt
ur

al
 

Ec
on

om
ic

 

N
at

ur
al

 

O
th

er
s 

-Delayed payments to Contractors 
-Unreasonable Imposed Tight Schedule 
-Improper Intervention 
-Change of Design 
-Lack of Scope Definition 
-Delays in Obtaining Site Access 
-Breach of Contract 
-Sudden Bankruptcy 

-Defective Design 
-Deficiency in Drawings 
-Changes in Design 
-Documents not Issued on Time 

-Construction Accidents 
-Poor Quality 
-Low Productivity 
-Technical Problems 
-Contractors’ Incompetence 
-Lack of Departure or Qualified Staff 

-Poor Performance 
-Breach of Contract 

-Material Quality Problems 
-Delay of Material Supply 

Criminal Acts - 
Substance Abuse - 

Conflicts due to -  
Differences in Culture  

Inflation - 
Currency Fluctuation - 

Shortage in Material Availability - 
Shortage in Manpower Availability - 
Shortage in Equipment Availability - 

Unexpected Inclement - 
Weather - 

Unforeseen Site Conditions - 

Delays in Resolving Contractual Issues - 
Delays in Resolving Litigation - 

Unfairness in Tendering - 
Local Protectionism - 

Difficulty in Claiming Insurance - 

 
Figure 2. Risk Breakdown Structure as Drawn from Literature Review Frameworks 

(Source: Sameh Monir El-Saegh, 2007) 
A literature survey shows that a number of risk factors were identified by researchers in the past. Assaf and Hejji in [8]  
listed a number of factors that influence timely completion of large construction projects such as legal disputes, delayed 
penalties not taken into effect, delays in site mobilization, poor communication, breakdown of construction equipment 
and machinery, and low productivity of labor. Similarly, earlier researchers in India have also found the items listed 
below as the origin of risk: (1) risk from outside the company—natural hazards, activities of suppliers, debtor customers, 
government policies; (2) risk from within the company - physical damage, accidents; and (3) risk that originates from 
company’s activities— negligence. In addition, Tang et al. in [9] identified estimator-specific, design and project-specific, 
subcontractor-specific, client-specific, unknown geology conditions, and economic and contract-specific factors as critical 
to the smooth completion of a project. Similarly,  Subramaniam et al. in [10] presented that among various risk factors 
discussed in their research, the risk pertaining to project-specific, architect/consultant-specific, external environment 
specific, and contract clause-specific factors varied widely with respect to their level of uncertainty and, to a greater 
extent, influence successful project completion in the Indian construction industry. Thomas et al. in [10] identified eight 
risks to be very critical in the Indian road sector under Build–Operate–Transfer (BOT): traffic revenue, delay in land 
acquisition, demand risk, delay in financial closure, completion risk, cost overrun risk, debt servicing risk, and political 
risks. The success of any risk allocation process is largely influenced by the risk acceptance level of the major BOT road 
project participants [10]. A compilation of all the risks identified by researchers in the past was tabulated in Table 2. This 
list was then used as a reference platform for designing the survey questionnaire in support of this study. The 140 risk 
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factors are listed in no specific order of importance. The reduction and synthesis of this list is further explained in the 
methodology section. 

Table 2: Construction Risk Factors Identified by Researchers in the Past 
1. Accidents during construction 71. Lack of leadership quality of project manager 

2. Accuracy of project program 72. Lack of vision/inability in identifying critical 
activities 

3. Act of God 73. Lack or departure of qualified staff 
4. Actual quantities differ from the contract quantities 74. Legal disputes and lawsuits 
5. Ambiguities in defining certain clauses 75. Liquidity risk 
6. Ambiguity of work legislations 77. Location uniqueness 
7. Ambiguous planning due to project complexity 78. Low productivity of labor and equipment 

8. Consultant leaving the project midway 79. Lower work quality in presence of time 
constraints 

9. Financial crisis 80. Market risk 

10. Project manager leaving the project 81. Monopolizing of materials due to closure and 
other  

11. Change order negotiations 82. Negative attitude of project manager 
12. Changes in laws and regulations 83. Nonpolitical force majeure risk 
13. Changes in material types and specifications during  84. Occurrence of accidents because of poor safety  
construction  85. Operation risk 

14. Changes in work 86. Owner’s lack of exposure to changing trends in 
industry 

15. Changes made by owner during construction 87. Owners’ breach of contracts and disputes 
16. Changing government policies 88. Owners’ improper intervention 
17. Completion risk 89. Owners’ sudden bankruptcy 
18. Complex/non-executable design 90. Owners’ unreasonably imposed tight schedule 
19. Conflicts due to differences in culture 91. Partnering risk 
20. Contingency risk  92. Permits and regulations 
21. Contractor competence 93. Political risk (direct and indirect) 
22. Coordination with subcontractors 94. Poor communication between involved parties 

23. Corruption and bribes 95. Poor communications between the home and 
field  

24. Cost of capital offices (contractor side) 
25. Cost overrun risk 96. Poor inventory management 
26. Credit risk 97. Poor qualification/experience of the contractor 

27. Criminal acts 98. Poor site management and supervision by 
contractor 

28. Currency fluctuation 99. Pre-investment risk 
29. Debt servicing risk 100. Profitability risk 
30. Defective materials 101. Project manager's technical capability 
31. Deficiencies in drawings and specifications 102. Quality of work 
32. Delay in financial closure 103. Quality problems of supplier material 
33. Delay in handing over the site to contractor 104. Regulatory approvals 
34. Delay in land acquisition 105. Regulatory risk 

35. Delay in mobilization 106. Reluctance in maintaining target schedule by 
top management  

36. Delay in payments by owner; not offering incentives 107. Resettlement and rehabilitation risk 
for early completion of activities 108. Resource management 
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37. Delay in performing inspection and testing by 
consultant 109. Rushed bidding process 

38. Delay of material supply by suppliers 110. Rushed design 
39. Delay penalties 111. Selection of material and equipment 
40. Delayed dispute resolutions 112. Shortage in equipment availability 
41. Delays in approvals 113. Shortage in manpower supply and availability 
42. Delays in subcontractor’s work 114. Shortage in material supply and availability 
43. Demand  risk 115. Size of the project 
44. Design and  latent defect risk  
45. Deviation of scope 116. Subcontractors’ breach of contracts and 

disputes 
46. Difficulty in claiming insurance compensation 117. Subcontractors’ poor performance 
47. Difficulty to access the site (very far, settlements) 118. Sudden termination of work by owner 
48. Drawings and documents are not issued on time 119. Sudden unforeseen events 
49. Environmental risk 120. Supply of defective materials 
50. Equipment breakdown 121. Technology risk 
51. Exchange rate fluctuation 122. Third Party delays 
52. Financial policies 123. Time risk 
53. Financial risk 124. Tools and techniques 
54. Frequent change of subcontractors 125. Traffic revenue risk 
55. Holding key decisions in abeyance 126. Type of project 
57. Improper selection of equipment 127. Unclear and inadequate details in drawings 

58. Inaccurate project program 128. Un-coordinated design (structural, mechanical, 
electrical, etc.) 

59. Inadequate definition of project scope in the 
beginning 129. Undefined scope of working 

60. Inadequate experience of consultant with regard to 
type  130. Undocumented change orders 

61. Inflation and sudden changes in prices 131. Unfairness in tendering 
62. Inflexibility of consultant 132. Unfavorable economic/market fluctuations 
63. Information management 133. Unfavorable social environment 
64. Insufficient data collection and survey before design 134. Unforeseen site conditions 
65. Intense competition at tender stage 135. Unpredicted technical problems in construction 
66. Labor strikes and disputes 136. Unrealistic price variation in material 
67. Lack of consistency between bill of quantities, 
drawings and specifications 137. Unreasonably high expectation of owner 

68. Lack of coordinating ability and rapport of project 
manager with other contractors at site 

138. Use of appropriate planning tools and 
techniques by project manager 

69. Lack of effective monitoring and feedback by project 
manager 139. Varied labor and equipment productivity  

70. Lack of induction and training of human resources 140. War threats 
3.2 Risk Identification 
The next step of this study is to identify the risks involved in transportation projects by means of survey questionnaires. 
The comprehensive list of 140 risk factors obtained through a literature review (as seen in Table 2) was synthesized and 
reduced to 30 questions presented in a survey questionnaire. The questionnaire was prepared to get opinions from experts 
who are currently managing various transportation-related projects in India. The questionnaire was structured in such a 
way to determine (a) Which of the risks identified in this study occurred frequently during the projects; and (b)The impact 
of the identified risks Data collection, carried out using the survey questionnaire, helped to understand the practitioners’ 
perception of the risk factors. The target respondents were experts working in the transportation industry in India. They 
were asked to rate the risks on a scale of 0-9. The scale was selected to obtain a greater level of flexibility in choosing 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org  

Volume 3, Issue 9, September 2014         ISSN 2319 – 4847 
 

Volume 3, Issue 9, September 2014                                                                                         Page 7 

statistical procedure [11], where the rank of 0 was given to a risk with an insignificant contribution to the frequency and 
impact, and a rank of 9 was given to the risk with the most significant contribution. There are a total of 30 risks identified 
that were divided into four specific categories, as shown in Table 3: Contractor-Associated Risks, Owner-Associated 
Risks, Designer-Associated Risk, and Project Manager-Associated Risks. Each risk was rated by the respondents 
according to frequency of occurrence and impact. 

Table 3: Classification of Risk Factors and Major Risk Categories 

 Risk category Risk code Risk Factor Meaning of the risk 

Contractor  
Associated risks R1 Delay in mobilization 

Delay in mobilizing the work force, material and equipment to begin the 
work, delays the start date of the project, which finally delays the end date 
and other related activities get affected. This imposes a major risk to the 
project. 

R2 
Abnormal Increase in material 
prices compared to the original bid 
amount 

Contractors’ bid amounts usually have a certain allowance for price increase 
of material. The project budget is based off of this amount. When the market 
prices increase beyond this amount,  it becomes a risk. 

R3 Improper construction 
methods/quality control 

Lack of formalized operating system for construction quality in executing 
the work is also a risk factor. This increases the chance of redoing already 
executed work, which further delays projects. 

R4 Frequent change of 
subcontractors/vendors 

Disputes between contractors and their vendors could result in change in the 
agency. This is a risk because time is lost between the existing vendor 
quitting the job and a new vendor starting his  

R5 Poor site management and supervision 
by the contractor Contractor not fully equipped with site management system 

R6 Safety accidents at work site Occurrence of accidents because of poor safety procedures 

R7 Failure to disclose changes and 
resulting extra work 

Risk due to chances of delay because of change in nature of work. And 
further risk of increase in project cost due to failure of reporting the changes 
at the time it occurs 

R8 Bankruptcy Chances of contractor’s risk of facing financial crisis during the course of the 
project 

Owner Associated  

Risks 
R9 Inadequate/unclear definition of 

project scope 
Major changes being made in the functional use of the structure 
may alter the complete plans and project purpose which could risk 
the project not being completed on time and as planned 

 
R10 Delay in handing over the site to 

contractor 
Risk of delay in getting the site cleared of encroachments 

R11 
Failure to disclose site conditions 
and circumstances which the 
contractor may encounter 

Risk of encountering obstruction due to site conditions which were 
not taken into consideration before bidding phase. 

R12 Failure to make timely payments 
to the contractor 

Unable to attract/retain better talents because of poor practices 
like untimely payments and not offering incentives for early 
completion of activities 

R13 
Change orders or variations 
(additions, deletions and 
modifications) 

Owner making changes in original plan during construction 

R14 Holding key decisions in abeyance 
Conflict among owners representatives; Delay in project due to  

Owner’s inefficiency in making timely decisions 
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R15 Owner's improper intervention 
during construction 

Delay of construction activities due to owner consuming the float 
time by intervening where not necessary 

R16 Bankruptcy Chances of facing financial crisis leading to project termination 
 
The data collected from the survey questionnaire were then analyzed using different statistical methods. 
3.3 Statistical methods 
Three statistical methods were performed in assessing the research data on reliability, correlation between variables, and 
relative importance of risk factors among each other.  
3.3.1 Data reliability 
For the reliability testing of data, Cronbach's alpha method was used. Cronbach’s alpha is the most common measure of 
internal consistency "reliability". It is most commonly used when multiple Likert questions are used to form a scale, and 
the reliability of the scale must be determined [12]. Cronbach's alpha determines the internal consistency or average 
correlation of items in a survey instrument to gauge its reliability. Cronbach’s basic equation for alpha [12]:  

α = 
 

                    ( 1) 
 

n = number of questions  
Vi = variance of scores on each question  
Vt = variance of test scores  

3.3.2 Correlation between variables 
The Correlation Coefficient – Measuring the strength of association within ‘frequency’ and ‘impact’. Since the population 
data is not present for this study, the sample coefficient of correlation is computed using the following formula [13]: This 
is executed using CORREL function in Microsoft Excel.  

r = 

 

 

                                              (2) 
 

   
r = Sample coefficient of correlation  
n = Number of data sets  
Xi  = Frequency of occurrence of risks  
Yi = Impact of risk on successful completion of project  

 and  = Mean of frequency and impact data 
3.3.3 Relative important index (RII) 
RII test on survey responses is primarily used to determine the impact of risk factors by assigning a risk rating to each 
variable. For the purpose of this research the aim of the analysis was to establish the relative importance of the various 
factors identified as responsible for successful completion of transportation projects. The score for each factor is 
calculated by summing up the scores given by the respondents. RII was calculated using the following equation [14]:  

RII = 
 

 

                                          (3) 
 

RII = relative importance index   
Pi = respondent’s rating of risk  
Ui = number of respondents placing identical weighting/rating on the risk  N = sample size (in our case its 40, as 40 
people responded to the survey)  
n = the highest attainable score for each risk  

Using the Equation 3 above, the indexes were ranked for contractor-related risks, owner-related risks, designer-related 
risks and project management team-related risks. Based on the survey results, the RII is also used to determine the 
frequency and impact rating of the risk.  

4. RESEARCH RESULTS 
A total of 60 questionnaires were distributed, of which 40 valid responses were received, resulting in a response rate of 
66%. The sample included 40 respondents having an experience level between 10-40 years, in which 68% of the 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org  

Volume 3, Issue 9, September 2014         ISSN 2319 – 4847 
 

Volume 3, Issue 9, September 2014                                                                                         Page 9 

respondents have 20-30 year working experience in transportation projects. The roles they held were Directors, General 
Managers, Project Managers, Managers, and Senior Engineers in the construction field in India. The alpha value (α) 
obtained through Cronbach’s alpha by using Eq. 1 is 0.92 for survey responses related to “frequency of occurrences” and 
0.89 for “impact of occurrences”. The higher α values of 0.92 and 0.89 indicates that the survey data was highly reliable 
[15] [16]. A high value of alpha is evidence that the items measure an underlying (or latent) construct. However, a high 
alpha does not imply that the measure is one-dimensional. Cronbach's alpha is not a statistical test - it is a coefficient of 
reliability (or consistency). It will generally increase as the inter-correlations among test items increase, and is thus 
known as an internal consistency estimate of the reliability of test scores. 

Table 6: Cronbach’s Statistics from Frequency Survey 

Risk 
Factor Risk 

Correlatio
n 

Coefficient 
(r) 

1 Delay in mobilization 0.96 

2 Abnormal Increase in material prices compared to the original bid 
amount 0.45 

3 Improper construction methods/quality control 0.27 
4 Frequent change of subcontractors/vendors 0.39 
5 Poor site management and supervision by the contractor 0.29 
6 Safety accidents at work site 0.25 
7 Failure to disclose changes and resulting extra work -0.11 
8 Bankruptcy 0.28 
9 Inadequate/unclear definition of project scope  -0.30 
10 Delay in handing over the site to contractor  0.31 

11 Failure to disclose site conditions and circumstances which the 
contractor may encounter 0.24 

12 Failure to make timely payments to the contractor 0.17  
13 Change orders or variations (additions, deletions and modifications) -0.01  
14 Holding key decisions in abeyance 0.19  
15 Owner's improper intervention during construction 0.22  
16 Owner Bankruptcy 0.06 
17 Defective design 0.05  
18 Documents not issued on time 0.28 
19 Design changes  0.02  
20 Complex/non-executable design 0.22  
21 Inadequate and/or unclear details in drawings 0.50 
22 Use of primitive/obsolete design technology 0.51 
23 Designer leaving the project midway 0.45  
24 Insufficient data collection and survey before the design 0.21 
25 Project manager's technical capability 0.41  
26 Project Manager Holding key decisions in abeyance 0.22  

27 Lack of coordinating ability and rapport of project manager with other 
contractors at site 0.28  

28 Lack of leadership quality of project manager 0.43 
29 Lack of effective monitoring and feedback by project manager 0.46  
30 Chances of project manager leaving the project 0.32  

Since inter-correlations among test items are maximized when all items measure the same construct, Cronbach's alpha 
indicates the degree to which a set of items measures a single uni-dimensional latent construct [17] [18] [19] [20] [21]. 
The respondents were required to rate the frequency of occurrence of risks and the impact these risks might have on the 
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successful completion of a project. This second statistical analysis was conducted in order to understand the association 
between the frequency and impact variables. From Table 6, the Coefficient of Correlation (r) values indicate that there is 
a positive correlation between the frequency and impact of the risk factors. This means that the frequency of occurrence of 
factors increases linearly with the increase in the impact they might have on projects. The closer the correlation  
coefficient to +1.00, the greater the degree of correlation between the variables’ frequency of occurrence and impact of 
occurrence. The majority of the correlation values are less than +1.00, indicating the strength of correlation is not very 
high between the variables. Correlation values closer to “0” indicate that there is no correlation between the variables and 
a negative value indicates a negative correlation. The results above could be a result of inconsistent responses from the 
survey respondents or it could mean there are other elements according to the respondents that influence the frequency 
and impact of the risk factors that are not covered as part of the research scope. In addition, the RII was calculated for 
each risk based on the frequency of occurrence and impact of occurrence using equation 3. These risks were then ranked 
according to the RII. The results related to survey responses on impact of occurrence are presented in Table 7. 

Table 7: RII and Ranking of Risk Factors 

Risk 
ID Group Risk factor 

RII impact 
of 
occurrence 

Risk 
ranking of 
impact 

RII 
frequency 
of a 
recurrence 

Risk ranking 
of frequency 

R1 Contractor  Delay in mobilization 4.75 20 3.54 26 

R2 Contractor  
Abnormal Increase in 
material prices compared to 
the original bid amount 

5.54 12 4.28 19 

R3 Contractor  Improper construction 
methods/quality control 5.48 13 4.05 22 

R4 Contractor  Frequent change of 
subcontractors/vendors 5.48 13 3.76 25 

R5 Contractor  
Poor site management and 
supervision by the 
contractor 

4.67 22 5.81 9 

R6 Contractor  Safety accidents at work 
site 5.25 17 4.92 15 

R7 Contractor  Failure to disclose changes 
and resulting extra work 7.93 5 5.87 7 

R8 Contractor  Bankruptcy 7.32 6 2.84 29 

R9 Owner Inadequate/unclear 
definition of project scope 4.4 26 4.04 23 

R10 Owner Delay in handing over the 
site to contractor 5.1 18 7.5 1 

R11 Owner 

Failure to disclose site 
conditions and 
circumstances which the 
contractor may encounter 

8 3 5.84 8 

R12 Owner Failure to make timely 
payments to the contractor 7.02 7 5.73 10 

R13 Owner 
Change orders or variations 
(additions, deletions and 
modifications) 

8.45 1 7.07 2 

R14 Owner Holding key decisions in 
abeyance 8.21 2 5.19 12 

R15 Owner 
Owner's improper 
intervention during 
construction 

5.81 10 4.34 18 

R16 Owner Owner Bankruptcy 3.13 28 2.77 30 
R17 Designer Defective design 4.66 23 3.47 28 
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R18 Designer Documents not issued on 
time 6.2 9 5.19 13 

R19 Designer Design changes 5.57 11 4.14 20 

R20 Designer Complex/no executable 
design 4.41 25 4.84 16 

R21 Designer Inadequate and/or unclear 
details in drawings 7.95 4 3.86 24 

R22 Designer Use of primitive/obsolete 
design technology 5.25 17 4.13 21 

R23 Designer Designer leaving the 
project midway 4.74 21 4.37 17 

R24 Designer 
Insufficient data collection 
and survey before the 
design 

6.23 8 5.11 14 

R25 
Project 
Managemen
t 

Project manager's technical 
capability 5.38 15 6.2 4 

R26 
Project 
Managemen
t 

Holding key decisions in 
abeyance 3.86 27 6.44 3 

R27 
Project 
Managemen
t 

Lack of coordinating ability 
and rapport of project 
manager with other 
contractors at site 

5.31 16 5.51 11 

R28 
Project 
Managemen
t 

Lack of leadership quality 
of project manager 4.87 19 6.01 5 

R29 
Project 
Managemen
t 

Lack of effective 
monitoring and feedback by 
project manager 

4.57 24 5.93 6 

R30 
Project 
Managemen
t 

Chances of project manager 
leaving the project 5.43 14 6.3 27 

According to the ranking, the top five critical risks that most impact the construction management of transportation 
projects in India are: 

1. Change of scope of the project (RII = 8.45) 
2. Holding key decisions in abeyance (RII = 8.21) 
3. Owner’s part in failure to disclose site conditions to  the contractor (RII = 8.00) 
4. Designer’s part in failure to provide adequate and clear details in drawings (RII = 7.95) 
5. Contractor’s part in failure to disclose changes to subcontractors (RII = 7.93) 

The most significant risk is ‘change of scope of the project’ (RII = 8.45) in the form of modifying an existing plan or 
adding new elements to the plan. This risk can introduce unforeseen elements to the project that may affect the timeline 
and overall deliverables. Since transportation projects in India are heavily dependent on the outside variables like 
governmental regulations, finance, and socio-economic conditions (World Bank) the high RII value for this risk factor 
appears logical. The second most important risk identified in the survey was ‘holding key decisions in abeyance’ (RII = 
8.21). This signifies the importance on the owner’s side to make effective and timely decisions regarding any issue that 
might arise during the course of the project. The third most important risk was identified as the ‘owner’s part in failure to 
disclose site conditions to the contractor’ (RII = 8.00). This signifies the importance of the owner’s clear disclosure of site 
conditions, proximity to supplies, and any geography of the site along with any previous underground work like gas 
pipeline, utility cables etc. This risk is especially important when working in urban environments. When such risks 
surface at a later stage in the project it will have significant impact on the deliverables of the project. The fourth most 
important risk was identified from the survey as the ‘designer’s part in failure to provide adequate and clear details in 
drawings’ (RII = 7.95). It is obvious that the accuracy and adequacy of construction details in drawings play a very 
important role in ensuring the success for a construction project in general and transportation project in particular. The 
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fifth most important risk was revealed to be ‘Contractor’s part in failure to disclose changes to subcontractors’ (RII = 
7.93). This includes the communication among professionals involved in the construction project including contractors, 
subcontractors, and engineers. Failure to disclose changes to responsible professionals may result in extra work and 
additional costs. 

5. CONCLUSIONS 
Investment in India is projected to reach to about 30,000 billion INR (476 billion USD) in the next 5 years as projected by 
IMF. In this scenario infrastructure projects will assume a critical role in the growth of the country’s economy. As per the 
12th Sectorial Investment Plan released by the planning commission of the Indian government, about 23% of 
infrastructure projects are related to the transportation sector. Therefore, risk management in construction will be of 
greater significance to ensure that the projects are completed on time and under budget. With various factors influencing 
the smooth completion of transportation projects, there exists sufficient scope to develop a better risk mitigation 
methodology. The study results indicate that several of the risks highlighted have a high impact even if the probability of 
occurrence is low like the bankruptcy of a contractor. Another important understanding from the research is that the 
designer is critical to the success of a project. An improper or an incomplete design can have a sizable impact on the 
schedule and cost of a project. It is also understood from the research that project management teams are not effective in 
terms of keeping communication channels with project stake holders and incapable of formulating the correct strategies 
when projects are not in good health. These inferences are made based on the RII value assigned to the risk factors 
associated with the project management team. The owner of the project plays an important role in communicating the 
requirements clearly during the project requirements phase. Scope changes and additions to the project at a later timeline 
are understood to have a high impact on the deliverable of the project. In addition, the owners need to adapt an open 
communication policy in terms of communicating key decisions on time to all the contractors and sub-contractors. 
Considering the socio-political conditions in India, the owner must get all the necessary approvals before beginning the 
work. Failure to do so will have a major impact on the result of the project. The contractor-specific risks that impact the 
project are poor site management by the contractor and also failure to disclose key changes resulting in extra work on the 
project.  Out of various factors considered in the research, those specific to the owner, contractor, designer and project 
manager are subject to deviation from the expected levels. A better risk response strategy needs to be devised to manage 
the risks. A balanced contract document can serve as the first step to mitigate several risks found in the survey. Contract-
related documents can be modified to better handle risks that arise due to the following factors: 

1. Design issues   
2. Issues related to material availability  
3. Clearly define role of project team members   
4. Delay damages  
5. Contingency plan in case of personnel leaving the project or uncertainties in  terms of material availability  
6. Establish standards for communication policy    
7. Transparency in the tendering system for proper contract administration  

 Today there are more stakeholders in the process of contract delivery than ever before. This includes bankers, insurance 
agencies, specialty sub-contractors, etc. This has caused construction projects to become increasingly more complex to 
manage. The research outcome suggests that the Indian transportation construction industry needs to employ innovative 
technologies and better contract management strategies to overcome these challenges.  
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