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Abstract — With an increase in demand for infrastructure in 

India which actually contributes to the economic as well as 

the overall development, there is huge certainty for 

accumulation or entering the project into risk. Existing 

models for PPP of roads such as Built Operate and Transfer 

(BOT) and Hybrid Annuity (HAM) model are not the 

exception ones. Identification of risks on field is bit a tougher 

job as limitation in data availability and making the risks 

quantitative from qualitative becomes much more difficult 

because of no factors of judgment are available. There seems 

a way of light if some rating methodology is developed to 

deal with conversion so that the analysis can be done using 

quantitative data generated. The research adopts an integrated 

approach to prioritize risks using group technique for order 

preference by similarity to ideal solution (GTOPSIS). The 

analysis can help improve the understanding of implications 

of specific risk factors on project completion time and cost. 

This enables the project manager to devise a suitable strategy 

for risk response and mitigation. 
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I. INTRODUCTION 

India as it is seen now is buzzing with activity, enterprise, and 

innovation. In the modern era of the twenty-first century, 

numerous developments have occurred. Out of those, road 

construction facilitated the quick and easy movement of 

people and goods around the country as well as improved 

connectivity to other regions. In terms of general 

development, roads have proven to be the backbone of nation. 

Today, a new idea known as PPP (Public Private Partnership) 

has evolved and successfully demonstrated its benefits as a 

means of overcoming the traditional method of building roads 

and adapting to the modern era of technology. Even though 

PPP has proven to be advantageous, there are a number of 

risks that arise throughout the PPP project’s life cycle. The 

factors and subfactors causing risks in PPP road projects are 

identified in this research as per severity. In order to identify 

and rate the risks in PPP Road Projects rating methodology is 

developed. The stakeholders are surveyed to determine the 

risk, its factors and sub-factors and prioritised using 

GTOPSIS. A multi-criteria-based decision-making system 

called Technique for Order Preference by Similarity to Ideal 

Solution (TOPSIS) was developed in the 1980s. TOPSIS is a 

method for allocating ranks based on the importance and 

weights of the given factor. Weights indicate how much a 

particular factor should be taken into account. Impact denotes 

whether a certain factor has a favourable or unfavourable 

effect. GTOPSIS is a variation of TOPSIS with multiple 

decision-makers. Due to the fact that estimates offered by 

experts for risk analysis frequently reflect their pre-existing 

bias (against particular risk variables), it is crucial to have a 

diverse group of decision makers and to use group decision 

making techniques. Incorporating collective decision-making 

reduces this impact while performing risk analysis. Last but 

not least, TOPSIS is incredibly effective, appropriate in 

situations when there are many attributes and choices, and 

useful for both subjective and objective data availability. 

A. Problem Statement 

With an increase in demand for infrastructure in India which 

actually contributes to the economic as well as the overall 

development, there is huge certainty for accumulation or 

entering the project into risk. Existing models for PPP of 

roads such as Built Operate and Finance (BOT) and Hybrid 

Annuity (HAM) model are not the exception ones. 

Assessment of identified risks on field is bit a tougher job as 

limitation in data availability, so making it difficult to analyze 

with quantitative data. There seems a way of light if some 

rating methodology is developed so that the assessment can 

be done based on qualitative data gathered. 

B. Objectives 

1) To find out the Factors and Sub factors Causing Risk 

2) To develop a rating methodology using GTOPSIS. 

3) To assess the vulnerable risk(s) in PPP road projects 

using rating methodology developed. 

II. LITERATURE REVIEW 

Vijay Pal et al. (2014) A range of risks caused by PPP projects 

are discovered from the literature that has been gathered and 

evaluated. Since national highways are essential to a Nation’s 

growth, the Indian government has chosen to promote the 

road sector through public-private partnerships (PPPs). Two 

PPP models have been applied to the Indian National 

Highways Project: BOT (Toll) and BOT (Annuity). However, 

the choice of PPP for National Highway development is 

influenced by the high-risk profile of projects and their 

financial sustainability.[1] 

 Vasishta Nagalla et al. (2018) Prior to planning and 

risk management, risk evaluation is crucial to reducing the 

serious sources of risks related to highway construction. Risk-

related factors are complicated at many stages of the project, 

from designing to planning to completion. Using the Relative 

Importance Index, & this analysis involves identification, 

classification, and assessment of numerous risks involved in 

highway project construction. An application of the 

suggested risk management technique is shown through a 

case study to help organisations allocate their limited 

resources and choose risk response strategies effectively. [2] 
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 Engineer Rinaj Pathan et al. (2013) By examining a 

particular BOT Road Project, it ispossible to evaluate the 

risks associated with BOT. to assess how the project’s 

financial stability affects risks and has an impact. to 

investigate each party’s individualistic perspective. This 

article primarily illustrates the risk of funding during the 

operational term as a result of changes in the prime lending 

rate.[3] 

 Vishal Kumar Gupta, et al (2018) The research uses 

the Group Technique for Order Preference by Similarity to 

Ideal Solution (GTOPSIS) to prioritise risks in an integrated 

manner. The literature research makes it evident that both 

qualitative and quantitative risk analysis are two broad 

methodologies that are frequently utilised in project risk 

analysis. Analysing risks qualitatively in qualitative risk 

analysis, hazards are prioritised for future investigation or 

action by weighing their impact and likelihood of repetition. 

In most cases, qualitative risk analysis lays the groundwork 

for quantitative risk analysis and is a quick and economical 

way to determine the priority for risk response. Risk 

probability and impact assessment Probability and impact 

matrix and Experts judgement are examples of frequently 

used approaches for qualitative risk analysis.[4] 

 Mingyu L (2022) The four types of frequently 

employed evaluation methods of the build location decision-

making risk assessment model are analysed in this paper, 

starting with the angle of Risk, location index system for 

using the G1 method and entropy weight method from two 

aspects of subjective and objective index system for 

empowerment, using greycorrelation analysis and TOPSIS 

method to comprehensive evaluation, the risk alternative 

location to determine minimum risk value optional location, 

This model can serve as a guide and foundation for choosing 

a project location.. [5] 

 Jaeho Cho (2022) In the paper, a feedback-based 

decision-making model is presented that incorporates a multi-

criteria technique for order preference by similarity to ideal 

solution(TOPSIS) model, extended quality function 

deployment-failure mode effect analysis(extended QFD-

FMEA), and fluctuating environmental risks for 

simultaneously choosing the construction method. [6] 

 Mayur S. Ghayal et al (2019) In this study, the 

relative importance index (RII) technique isused to determine 

the strengths and weaknesses of the HAM model as well as 

the most important factors that affect its success. 

Additionally, a model concession agreement (MCA)is used 

to provide a schematic depiction of HAM financial model. [7] 

 Anil Kumar Gupta et al. (2013) In this study, the 

relative importance index (RII)technique is used to determine 

the strengths and weaknesses of the HAM model as well as 

themost important factors that affect its success. Additionally, 

a model concession agreement(MCA) is used to provide a 

schematic depiction of HAM financial model.[8] 

 Nayan C Parikh et al. (1999) Through the BOT 

process, concrete measures have already been taken towards 

privatising road infrastructure. To encourage greater private 

investment in this area, the existing Framework must be 

modified as needed based on the lessons learned from the 

pioneer enterprises in this field. Only then would it be able to 

achieve the planned expansion of India road network. [9] 

 Sharmila Mane et al. (2013) This study&#39;s 

combined qualitative and quantitative research technique 

included a variety of methods. A thorough examination of the 

available literaturewas conducted in the first stage, along with 

lessons acquired from the experience of BOT projects in 

developing nations, particularly India, to create a preliminary 

list of hazards related to BOT infrastructure projects in India. 

Only the critical risks related to India BOT Infrastructure 

projects were identified for analysis in the second stage of 

instrument development. [10] 

 Raja Sekhar Mamilla Alli et al. (2021) This study 

used a variety of techniques for anintegrated Larger PPP 

projects ended up being extremely expensive for Constriction 

corporations, perhaps bankrupting them. There are numerous 

examples of PPP killing someindustry giants in India&#39;s 

construction sector due to poor financial and cash flow 

management brought on by various hazards that occurred at 

various stages of the project.[11] 

 Tehreem (2021) MCGDM (multicriteria group 

decision-making) is a useful tool for selecting the most 

important option from a collection of alternatives in the 

evaluation and selection process.[12] 

 Baosheng Xu (2022) An essential component of 

normal bridge use is the reliability assessment of highway 

bridges. For the regular operation and maintenance of 

bridges, it is crucial to propose appropriate and practical 

dependability evaluation methodologies. This study employs 

combined weighting-TOPSIS to assess the dependability of a 

specific bridgein use based on evaluation following 

consultation with a substantial amount of research.[13] 

 Subrata Chakraborty, et al (2022) It can be difficult 

to choose an effective Multiple Attribute Decision Making 

(MADM) strategy to solve a particular MADM challenge. 

The Modified TOPSIS approach and the Technique for Order 

Preference by Similarity to Ideal Solution (TOPSIS) are the 

two most popular methods for the same class of MADM 

issues. This paper includes in-depth simulation-based 

comparisons and mathematical analysis of these two widely 

used approaches to help clear up any ambiguity over which 

one should beused to solve MADM situations.[14] 

 Saiful Husin (2019) accurate risk assessment could 

reduce the failure rate to accomplish the outcomes and 

objectives of money, time, and quality for a project, the 

development of risk analysis studies is growing quickly.[15] 

III. METHODOLOGY 

Various risks its factors and sub-factors were identified from 

the literature studied. A network for the same developed 

considering the 3 levels, level 1 for risks, level 2 for factors 

and level 3 for sub-factors. A questionnaire survey was 

developed and was circulated to the identified contactors / 

private players engaged in PPP road projects. The data so 

collected was taken down for analysis. A rating methodology 

developed using the technique called GTOPSIS which is 

based on the multi-criteria decision making. The attributes for 

this rating methodology are risks, its factors and sub-factors. 

The rating given by the responders in the questionnaire 

survey developed is on the basis of severity of those attributes 

as per their experience in the particular project. 
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 For rating a scale is developed from 1 to 5 wherein 

the severity is decided in the ascending order, that is 1 for 

extreme low, 2 for low, 3 for medium, 4 for high, and 5 for 

extreme high. The input in form of rating for level 1, 2 and 

3is used an input for the rating methodology developed using 

GTOPSIS. The rating methodology developed is fit to give 

the rating/ranking to the risks based on the severity derived 

out of responses. 

IV. DATA COLLECTION 

Responses of questionnaires are segregated according to the 

experience of the stakeholdersthen Average of ratings given 

to each risk by responders are calculated and these 

averagevalues are multiplied with the weightage decided as 

per the experience of stakeholders. Thenprioritise the risk 

those are occurred in PPP road project by using GTOPSIS 

technique.TOPSIS technique has been commonly used to 

solve multi criteria decision-makingproblems. This technique 

is based on the comparison between all the alternatives 

included inthe problem. Following are the steps which are 

used to prioritise the risk by using GTOPSIS 

Step-1: Construct normalised decision matrix for each 

experience 

 
Step-2: Calculate weighted normalized matrix 

 
Step-3: Determine the positive ideal and negative ideal 

solution for group decision matrix 

Step-4: calculate the separation measures 

 
Step-5: Calculate the relative closeness to the ideal solution 

 
Sr. No Responder Experience Weightage Given 

1 0-5years 1 

2 Above 5-10year 2 

3 Above10-15year 3 

4 Above15-20years 4 

5 Above 20 5 

Table 4.1: Weight-age as per experience of Responders 

Average of Rating by Responders 

  Experience in Years 

Sr. No Risk 0-5 Above 5-10 Above 10-15 Above 15-20 Above 20 

1 Technical 3 5.68 6 10.18 13.155 

2 Construction 3.125 6.64 7.332 10.908 15.34 

3 Financial 3.313 6.64 10.332 14.36 16.55 

4 Commercial 3.125 6.88 9.333 9.088 14.655 

5 Transfer 2.781 6.4 8.334 9.088 13.89 

6 Political 3.344 6.4 9.333 12.728 14.135 

7 Legal 2.781 6.4 10.332 11.636 13.62 

8 Design 2.813 6.8 9 10.908 13.62 

9 Environmental 2.719 6.48 7.668 8.36 13.275 

10 Operation  Maintenance 3.156 6.32 9.999 9.816 13.965 

Table 4.2: For Level 1: Risk in PPP Road Project 

  Experience in Years 

Sr. No Factor 0-5 Above 5-10 Above 10-15 Above 15-20 Above 20 

1 Time 3.156 5.84 10.665 10.544 16.55 

2 Cost 3.375 6.32 10.332 14.544 16.895 

3 Men 3.468 6.4 8.664 9.816 13.79 

4 Material 3.468 6.32 9.33 10.908 14.655 

5 Machine / Equipment 3.312 7.12 9 12 14.48 

6 Method / Process 3.187 6.24 9 9.816 14.48 

Table 4.3: For Level 2: Factors Causing Financial Risk 

  Experience in Years 

Sr. No Sub-factor 0-5 Above 5-10 Above 10-15 Above 15-20 Above 20 

1 Unavailability of Financing 3.125 6.16 9.333 12.724 15.86 

2 Cost Overrun 3.218 5.92 10.998 12.36 15.65 

3 High Interest Rate 3 6 10.332 10.544 15.34 

4 High Exchange Rate 3.031 6.32 9.333 9.816 14.825 

5 High Bidding Cost 3 6.72 9.999 10.16 14.31 

6 Financial Closure Risk 2.968 6.24 10.332 10.88 15.17 

7 Liquidity Risk 2.906 6.88 10.332 9.8 15 

Table 4.4: For Level 3: Sub-factors of Cost 
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V. DATA ANALYSIS 

A. Gtopsis Method 

Level 1: Risk in PPP Road Project 

  Experience in Years 

Sr. No Risk 0-5 Above 5-10 Above 10-15 Above 15-20 Above 20 

1 Technical 0.313755795 0.277542865 0.213917374 0.296774545 0.291827424 

2 Construction 0.326828953 0.324451518 0.261407032 0.317997714 0.34029895 

3 Financial 0.346490983 0.324451518 0.368365719 0.418632855 0.367141305 

4 Commercial 0.326828953 0.336178681 0.332748476 0.26493979 0.325103071 

5 Transfer 0.290851622 0.312724355 0.297131233 0.26493979 0.308132491 

6 Political 0.349733126 0.312724355 0.332748476 0.371055639 0.313567514 

7 Legal 0.290851622 0.312724355 0.368365719 0.339220884 0.302142875 

8 Design 0.29419835 0.332269627 0.320876062 0.317997714 0.302142875 

9 Environmental 0.284367335 0.316633409 0.273386405 0.24371662 0.294489476 

10 Operation & Maintenance 0.330071096 0.3088153 0.356493304 0.28616296 0.309796274 

Table 5.1: Step 1: Normalised Matrix for Level 1 

  Experience in Years 

Sr. No Risk 0-5 Above 5-10 Above 10-15 Above 15-20 Above 20 

1 Technical 0.063377548 0.070526645 0.070689666 0.146244411 0.291827424 

2 Construction 0.066018279 0.082446642 0.086382772 0.156702754 0.34029895 

3 Financial 0.069989939 0.082446642 0.121727606 0.206293688 0.367141305 

4 Commercial 0.066018279 0.085426641 0.109957776 0.130556896 0.325103071 

5 Transfer 0.058750987 0.079466643 0.098187947 0.130556896 0.308132491 

6 Political 0.07064484 0.079466643 0.109957776 0.182848611 0.313567514 

7 Legal 0.058750987 0.079466643 0.121727606 0.167161097 0.302142875 

8 Design 0.059427014 0.084433308 0.1060345 0.156702754 0.302142875 

9 Environmental 0.057441184 0.080459976 0.090341394 0.120098554 0.294489476 

10 Operation & Maintenance 0.06667318 0.078473309 0.117804329 0.141015239 0.309796274 

Table 5.2: Step 2: Weighted Normalised Matrix for Level 1 

v+ 0.07064484 0.085426641 0.121727606 0.206293688 0.367141305 

v- 0.057441184 0.070526645 0.070689666 0.120098554 0.291827424 

Table 5.3: Step 3: Calculate Ideal Best and Ideal Worst for Level 
  Experience in Years     

Sr. 

No 
Risk 0-5 

Above 5-

10 

Above 10-

15 

Above 15-

20 
Above 20 Si+ Si- Pi Rank 

1 Technical 
0.06337

7548 

0.0705266

45 

0.0706896

66 

0.1462444

11 

0.2918274

24 

0.1102623

73 

0.026811

309 

0.195597

785 
9 

2 Construction 
0.06601

8279 

0.0824466

42 

0.0863827

72 

0.1567027

54 

0.3402989

5 

0.0667781

06 

0.224217

126 

0.770518

213 
2 

3 Financial 
0.06998

9939 

0.0824466

42 

0.1217276

06 

0.2062936

88 

0.3671413

05 

0.0030511

13 

0.292656

644 

0.989681

999 
1 

4 Commercial 
0.06601

8279 

0.0854266

41 

0.1099577

76 

0.1305568

96 

0.3251030

71 
1 

0.187676

809 

0.158020

101 
10 

5 Transfer 
0.05875

0987 

0.0794666

43 

0.0981879

47 

0.1305568

96 

0.3081324

91 

0.0997456

89 

0.131347

777 

0.568375

122 
7 

6 Political 
0.07064

484 

0.0794666

43 

0.1099577

76 

0.1828486

11 

0.3135675

14 

0.0599489

22 

0.165752

537 

0.734388

417 
3 

7 Legal 
0.05875

0987 

0.0794666

43 

0.1217276

06 

0.1671610

97 

0.3021428

75 

0.0770268

85 

0.123356

572 

0.615602

576 
5 

8 Design Risk 
0.05942

7014 

0.0844333

08 
0.1060345 

0.1567027

54 

0.3021428

75 

0.0840068

84 

0.114463

593 

0.576728

562 
6 

9 Environmental 
0.05744

1184 

0.0804599

76 

0.0903413

94 

0.1200985

54 

0.2944894

76 

0.1178642

78 

0.056097

355 

0.322469

695 
8 

10 
Operation and 

Maintenance 

0.06667

318 

0.0784733

09 

0.1178043

29 

0.1410152

39 

0.3097962

74 

0.0873455

41 

0.144133

715 

0.622663

636 
4 

Table 5.4: Step 4: Calculate Euclidean Distance from Ideal Best and Ideal Worst and Calculate Relative Closeness and Rank 

for Level 1 

 

 



Risk Analysis in Public Private Partnership Road Projects Using GTOPSIS 

 (IJSRD/Vol. 11/Issue 4/2023/046) 

 

 All rights reserved by www.ijsrd.com 214 

Level 2: Factors Causing Risk 

  Experience in Years 

Sr. No Factor 0-5 Above 5-10 Above 10-15 Above 15-20 Above 20 

1 Time 0.38692244 0.373422297 0.457003526 0.377924534 0.444928251 

2 Cost 0.41377162 0.404114541 0.442734218 0.521294994 0.454203191 

3 Men 0.42517333 0.409229914 0.371259124 0.35183111 0.370728736 

4 Material 0.42517333 0.404114541 0.39979774 0.390971246 0.393983294 

5 Machine / Equipment 0.40604788 0.45526828 0.385656984 0.430111381 0.389278615 

6 Method / Process 0.39072301 0.398999167 0.385656984 0.35183111 0.389278615 

Table 5.5: Step 1: Normalised Matrix for Level 2 

  Experience in Years 

Sr. No Factor 0-5 Above 5-10 Above 10-15 Above 15-20 Above 20 

1 Time 0.07866409 0.09474058 0.154308985 0.185139413 0.444928251 

2 Cost 0.08412272 0.102527477 0.149490898 0.255374395 0.454203191 

3 Men 0.08644077 0.103825293 0.12535706 0.172356646 0.370728736 

4 Material 0.08644077 0.102527477 0.134993233 0.191530796 0.393983294 

5 Machine / Equipment 0.08255243 0.115505639 0.130218553 0.210704946 0.389278615 

6 Method / Process 0.07943678 0.101229661 0.130218553 0.172356646 0.389278615 

Table 5.6: Step 2: Weighted Normalised Matrix for Level 2 

v+ 0.08644077 0.115505639 0.154308985 0.255374395 0.454203191 

v- 0.07866409 0.09474058 0.12535706 0.172356646 0.370728736 

Table 5.7: Step 3: Calculate Ideal Best and Ideal Worst for Level 2 
  Experience in Years     

Sr.

No 
Factor 

0-5 

Years 

Above 5-

10 Years 

Above 10-

15 Years 

Above 

15-20 

Year 

Above 

20 Year 
Si+ Si- Pi Rank 

1 Time 
0.0786

6409 

0.0947405

8 

0.1543089

85 

0.185139

413 

0.444928

251 

0.074

234 

0.080667

101 

0.52076

6209 
2 

2 Cost 
0.0841

227 

0.1025274

77 

0.1494908

98 

0.255374

395 

0.454203

191 

0.014

04 

0.120552

087 

0.89570

889 
1 

3 Men 
0.0864

4077 

0.1038252

93 

0.1253570

6 

0.172356

646 

0.370728

736 

0.121

797 

0.011958

626 

0.08940

6346 
6 

4 Material 
0.0864

4077 

0.1025274

77 

0.1349932

33 

0.191530

796 

0.393983

294 

0.090

796 

0.033502

102 

0.26952

9581 
4 

5 
Machine / 

Equipment 

0.0825

5243 

0.1155056

39 

0.1302185

53 

0.210704

946 

0.389278

615 

0.082

499 

0.047797

815 

0.36683

8905 
3 

6 
Method/Proc

ess 

0.0794

3678 

0.1012296

61 

0.1302185

53 

0.172356

646 

0.389278

615 

0.109

272 

0.020259

253 

0.15640

444 
5 

Table 5.8: Step 4: Calculate Euclidean Distance from Ideal Best and Ideal Worst and Calculate Relative Closeness and Rank 

for Level 2 

Level 3: Sub-factors Causing Risk 

  Experience in Years 

Sr. No Sub-factor 0-5 Above 5-10 Above 10-15 Above 15-20 Above 20 

1 Unavailability of Financing 0.3889212 0.367890835 0.348937684 0.439061639 0.395087209 

2 Cost Overrun 0.4004955 0.353557426 0.411187897 0.426501246 0.389855916 

3 High Interest Rate 0.3733644 0.358335229 0.386287812 0.363837309 0.38213353 

4 High Exchange Rate 0.3772225 0.377446441 0.348937684 0.338716524 0.369304406 

5 High Bidding Cost 0.3733644 0.401335456 0.373837769 0.350586785 0.356475282 

6 Financial Closure Risk 0.3693818 0.372668638 0.386287812 0.375431518 0.377898674 

7 Liquidity Risk 0.3616656 0.410891063 0.386287812 0.338164419 0.373663817 

Table 5.9: Step 1: Normalised Matrix for Level 3 

  Experience in Years 

Sr. No Sub-factor 0-5 Above 5-10 Above 10-15 Above 15-20 Above 20 

1 Unavailability of Financing 0.078194 0.092252818 0.116711765 0.217481949 0.395087209 

2 Cost Overrun 0.0805211 0.088658552 0.137533054 0.211260365 0.389855916 

3 High Interest Rate 0.0750663 0.089856641 0.129204538 0.180220816 0.38213353 

4 High Exchange Rate 0.075842 0.094648995 0.116711765 0.167777649 0.369304406 

5 High Bidding Cost 0.0750663 0.100639437 0.12504028 0.173657387 0.356475282 

6 Financial Closure Risk 0.0742656 0.093450906 0.129204538 0.185963816 0.377898674 
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7 Liquidity Risk 0.0727142 0.103035615 0.129204538 0.167504173 0.373663817 

Table 5.10: Step 2: Weighted Normalised Matrix for Level 3 

V+ 0.0805211 0.103035615 0.137533054 0.217481949 0.395087209 

V- 0.0727142 0.088658552 0.116711765 0.167504173 0.356475282 

Table 5.11: Step 3: Calculate Ideal Best and Ideal Worst for Level 3 
  Experience in Years     

Sr.

No 
Sub-factors 0-5 

Above 

5-10 

Above 

10-15 

Above 

15-20 

Above 

20 
Si+ Si- Pi Rank 

1 
Unavailability 

of Financing 
0.078194 

0.0922

52818 

0.116711

765 

0.2174

81949 

0.395087

209 

0.0235

629 

0.0634

95 

0.729342

038 
2 

2 Cost Overrun 0.080521 
0.0886

58552 

0.137533

054 

0.2112

60365 

0.389855

916 

0.0165

16 

0.0593

6 

0.782323

848 
1 

3 
High Interest 

Rate 

0.075066

3 

0.0898

56641 

0.129204

538 

0.1802

20816 

0.382133

53 

0.0427

667 

0.0313

54 

0.423015

281 
4 

4 
High 

Exchange Rate 
0.075842 

0.0946

48995 

0.116711

765 

0.1677

77649 

0.369304

406 

0.0605

064 

0.0145

03 

0.193346

288 
7 

5 
High Bidding 

Cost 

0.075066

3 

0.1006

39437 

0.125040

28 

0.1736

57387 

0.356475

282 

0.0600

253 

0.0160

09 

0.210553

551 
6 

6 
Financial 

Closure Risk 

0.074265

6 

0.0934

50906 

0.129204

538 

0.1859

63816 

0.377898

674 

0.0385

902 

0.0313

24 

0.448031

324 
3 

7 Liquidity Risk 
0.072714

2 

0.1030

35615 

0.129204

538 

0.1675

04173 

0.373663

817 

0.0555

612 

0.0256

56 

0.315891

011 
5 

Table 5.12: Step 4: Calculate Euclidean Distance from Ideal Best and Ideal Worst and Calculate Relative Closeness and Rank 

for Level 3 

VI. RESULT 

Sr.No. Risk Factors Sub-factors 

1 Technical Time Delay in Land Acquisition 
   Delays in Design Approvals 
   Insufficient Time for Bid Preparation 
  Cost Construction Cost 
   Construction Schedule Overrun 
   Deterioration of Quality Standard in O&M 
  Men Inadequate Access to the Project Location 
   Delays in other Projects Servicing the Project in Hand 
   Incompetence of the Project Management Team 
  Material Theft of the Material on Site 
   Poor Quality of Materials 
   Material Shortage 
   Wastage of Material by Workers 
  Machine / Equipment Equipment Failure 
   Lack of Skilled Workforce and Personnel 
  Method/Process Defect of the Design 
   Application of Innovative and Unfamiliar Technology 
   Inadequate Project Organization Structure 

2 Construction Time Construction Time Delay 
   Project Delay 
   Change in Schedule 
   Completion Risk 
  Cost Availability of Finance 
   Cost Overrun 
   High Interest Rate 
   High Exchange Rate 
   High Bidding Cost 
   Financial Closure Risk 
   Liquidity Risk 
  Men Poor Quality Workmanship 
   Availability of Labour 
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   Accidents of Labours due to Lack of Safety Equipments 
   Errors due to Unskilled Labour 
   Unproven Engineering Technique 
  Material Poor Quality of Materials 
   Material Shortage 
   Delay in Supply of Materials 
   Material Handling 
   Material Storage and Theft 
   Availability of Material 
  Machine / Equipment Condition of Equipment 
   Availability of Equipment 
   Selection of Improper Equipment 
   Equipment Resourcing 
   Equipment Failure 
  Method/Process Poor Quality of Workmanship 
   Unproven Engineering Technique 
   Design Deficiency 
   Completion Risk 
   Late Design Changes 

3 Financial Time Completion Risk 
   Time Overrun 
   Change in Schedule 
  Cost Availability of Finance 
   Construction Cost Overrun 
   Quality Risk 
   Inflation Rate Volatility 
  Men Defaults of Contractor or Supplier 
   Lack of Credit Worthiness 
  Material Inflation Rate Volatility 
   New Material or Spot Item 
   Poor Financial Market 
   Market Demand 
   Inflation Rate 
  Machine / Equipment Unavailability Pricing of machine 
  Method/Process Change in Scope 
   Change in Design 
   Wrong Estimate 
   Poor Feasibility 
   Lack of Guarantees 
   Poor Banking Taxation 
   Breach of Contract 

4 Commercial Time Delay by Government Notification 
   Delay Due to Weather Condition 
   Delay Due to Agitation 
  Cost High Operation Cost 
   High Maintenance Cost 
   Change in Toll Rate 
  Men Biased Nature of Project 
   Wrong Estimation of Trade off 
   Traffic Management 
   Unreliable Operation and Maintenance Team 
   Unwillingness to Pay the Toll 
   Labours Strikes 
  Material Low Quality During 
   Un-availability or Inadequate 
  Machine / Equipment Poor Machinery and Equipment Installation] 
   Breakdown 
   Failure 
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  Method/Process Toll Evasion 
   Error in Forecasting Traffic Demand 
   Changes in Toll Collection Technology 
   Toll Plaza Relocation and Changes in Toll Traffic 
   Error in Forecasting the Traffic Demand 
   Breach of Contract 

Table 6.1: 

Level 1: Risk in PPP Road Project 
  Experience in Years     

Sr.

No 
Risk 

0-5 

Years 

Above 5-

10 Years 

Above 10-

15 Years 

Above 15-

20 Years 

Above 20 

Years 
Si+ Si- Pi 

Ra

nk 

1 
Technical 

Risk 

0.0633

77548 

0.0705266

45 

0.0706896

66 

0.1462444

11 

0.291827

424 

0.1102

62373 

0.0268

11309 

0.1955

97785 
9 

2 
Construction 

Risk 

0.0660

18279 

0.0824466

42 

0.0863827

72 

0.1567027

54 

0.340298

95 

0.0667

78106 

0.2242

17126 

0.7705

18213 
2 

3 
Financial 

Risk 

0.0699

89939 

0.0824466

42 

0.1217276

06 

0.2062936

88 

0.367141

305 

0.0030

51113 

0.2926

56644 

0.9896

81999 
1 

4 
Commercial 

Risk 

0.0660

18279 

0.0854266

41 

0.1099577

76 

0.1305568

96 

0.325103

071 
1 

0.1876

76809 

0.1580

20101 
10 

5 Transfer Risk 
0.0587

50987 

0.0794666

43 

0.0981879

47 

0.1305568

96 

0.308132

491 

0.0997

45689 

0.1313

47777 

0.5683

75122 
7 

6 Political Risk 
0.0706

4484 

0.0794666

43 

0.1099577

76 

0.1828486

11 

0.313567

514 

0.0599

48922 

0.1657

52537 

0.7343

88417 
3 

7 Legal  Risk 
0.0587

50987 

0.0794666

43 

0.1217276

06 

0.1671610

97 

0.302142

875 

0.0770

26885 

0.1233

56572 

0.6156

02576 
5 

8 Design Risk 
0.0594

27014 

0.0844333

08 
0.1060345 

0.1567027

54 

0.302142

875 

0.0840

06884 

0.1144

63593 

0.5767

28562 
6 

9 
Environment

al Risk 

0.0574

41184 

0.0804599

76 

0.0903413

94 

0.1200985

54 

0.294489

476 

0.1178

64278 

0.0560

97355 

0.3224

69695 
8 

10 

Operation 

and 

Maintenance 

Risk 

0.0666

7318 

0.0784733

09 

0.1178043

29 

0.1410152

39 

0.309796

274 

0.0873

45541 

0.1441

33715 

0.6226

63636 
4 

Table 6.2: 

Level 2: Factors Causing Risk 
  Experience in Years     

Sr.

No 
Factor 

0-5 

Years 

Above 5-

10 Years 

Above 10-

15 Years 

Above 15-

20 Year 

Above 20 

Year 
Si+ Si- Pi 

Ra

nk 

1 Time 
0.07866

409 

0.0947405

8 

0.1543089

85 

0.1851394

13 

0.444928

251 

0.074

234 

0.08066

7101 

0.52076

6209 
2 

2 Cost 
0.08412

27 

0.1025274

77 

0.1494908

98 

0.2553743

95 

0.454203

191 

0.014

04 

0.12055

2087 

0.89570

889 
1 

3 Men 
0.08644

077 

0.1038252

93 

0.1253570

6 

0.1723566

46 

0.370728

736 

0.121

797 

0.01195

8626 

0.08940

6346 
6 

4 Material 
0.08644

077 

0.1025274

77 

0.1349932

33 

0.1915307

96 

0.393983

294 

0.090

796 

0.03350

2102 

0.26952

9581 
4 

5 
Machine / 

Equipment 

0.08255

243 

0.1155056

39 

0.1302185

53 

0.2107049

46 

0.389278

615 

0.082

499 

0.04779

7815 

0.36683

8905 
3 

6 
Method/Pro

cess 

0.07943

678 

0.1012296

61 

0.1302185

53 

0.1723566

46 

0.389278

615 

0.109

272 

0.02025

9253 

0.15640

444 
5 

Table 6.3: 

Level 3: Sub--factors Causing Risk 
  Experience in Years     

Sr.

No 
Sub-factors 

0-5 

Years 

Above 5-

10 Years 

Above 10-

15 Years 

Above 15-

20 Year 

Above 

20 Year 
Si+ Si- Pi 

Ra

nk 

1 
Unavailability of 

Financing 

0.078

194 

0.092252

818 

0.1167117

65 

0.2174819

49 

0.395087

209 

0.0235

629 

0.063

495 

0.729342

038 
2 

2 Cost Overrun 
0.080

521 

0.088658

552 

0.1375330

54 

0.2112603

65 

0.389855

916 

0.0165

16 

0.059

36 

0.782323

848 
1 
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3 
High Interest 

Rate 

0.075

0663 

0.089856

641 

0.1292045

38 

0.1802208

16 

0.382133

53 

0.0427

667 

0.031

354 

0.423015

281 
4 

4 
High Exchange 

Rate 

0.075

842 

0.094648

995 

0.1167117

65 

0.1677776

49 

0.369304

406 

0.0605

064 

0.014

503 

0.193346

288 
7 

5 
High Bidding 

Cost 

0.075

0663 

0.100639

437 

0.1250402

8 

0.1736573

87 

0.356475

282 

0.0600

253 

0.016

009 

0.210553

551 
6 

6 
Financial 

Closure Risk 

0.074

2656 

0.093450

906 

0.1292045

38 

0.1859638

16 

0.377898

674 

0.0385

902 

0.031

324 

0.448031

324 
3 

7 Liquidity Risk 
0.072

7142 

0.103035

615 

0.1292045

38 

0.1675041

73 

0.373663

817 

0.0555

612 

0.025

656 

0.315891

011 
5 

Table 6.4: 

Level 1: Risk in PPP Road Project 

Sr. No Risk Rank 

1 Technical Risk 9 

2 Construction Risk 2 

3 Financial Risk 1 

4 Commercial Risk 10 

5 Transfer Risk 7 

6 Political Risk 3 

7 Legal Risk 5 

8 Design Risk 6 

9 Environmental Risk 8 

10 Operation and Maintenance Risk 4 

Table 6.5: 

Level 2: Factors Causing Risk 

Sr. No Risk Rank 

1 Time 2 

2 Cost 1 

3 Men 6 

4 Material 4 

5 Machine / Equipment 3 

6 Method/Process 5 

Table 6.6: 

Level 3: Sub-factors Causing Risk 

Sr.No Sub-factors Rank 

1 Unavailability of Financing 2 

2 Cost Overrun 1 

3 High Interest Rate 4 

4 High Exchange Rate 7 

5 High Bidding Cost 6 

6 Financial Closure Risk 3 

7 Liquidity Risk 5 

Table 6.7 

VII. CONCLUSION 

The factors and sub-factors causing risks in PPP road projects 

are identified in this research. The data collected (Risk in PPP 

Road Project, their Factors and Sub-factors) were analysed by 

using Rating Methodology that is GTOPSIS method. We can 

come to conclusion that is by using GTOPSIS method we can 

do qualitative analysis of critical risk, critical factor, critical 

sub-factor. 
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