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ABSTRACT

The success of the infrastructure projects of government organizations depends
primarily on government policies, which include the rules, regulations, manuals,
standard contract documents, systems, and practices that govern mutual relations
between the government and private contractors to a large extent. This study aimed to
critically examine this part of the project management system of government
organizations and to suggest measures for its improvement. The systems of three
government organizations, viz. Central Public Works Department (CPWD), Delhi
Metro Rail Corporation (DMRC), and National Highway Authority of India (NHAI)
were studied in detail by examining their documents and interviewing their senior
officers. Their salient features were compared and best practices grouped to frame
propositions and determine the opinion of experts regarding their implementation.
Consensus on the suggested propositions was measured using a questionnaire survey
and a Delphi analysis, and out of 11 propositions, consensus was found on nine of them;
therefore, these nine propositions were suggested for adoption by the three organizations
to bring about system improvements. Said improvements were expected to be the
authentication of the tender process, a less time-consuming and dispute-free process,
enhancement of the financial liquidity of the contractor through assurance of timely
payments, compensation for losses due to idling of labor and machinery, adoption of
strict measures in the contract through the introduction of a debarment clause for failure
to perform, and deemed termination of the contract in case of abnormal delays in
preconstruction activities. The most crucial recommendation that emerged in the study
was the introduction of a “focus on delivery” clause in the work manual, which would
enhance bona fide decisions in favor of work while addressing various issues faced

during work execution.



Management of delays is one of the critical issues in construction contracts. To
fix the responsibility and avoid disputes in construction projects, the delays attributable
to the client, contractor, and beyond the control of either party need to be appropriately
identified and accounted for in the contract document. The present study critically
examines construction contracts of different government organizations in India for
various provisions concerning delays, delay damages, and levy of compensation and
suggests improvement measures. It also proposes a mathematical framework for
calculating the levy of compensation for delays attributable to the contractor
incorporating various relevant factors. The findings are based on a detailed study of the
project management system of the three government organizations, and subsequent
interview with the senior government arbitrator and workshop with senior construction
professionals working in these organizations. The study found that the existing contract
provisions for calculating delay compensations sometimes can be flawed and biased.
Moreover, the prevalent methods to determine the levy of compensation do not consider
many relevant factors, such as delays that occurred due to the client and total delay. The
proposed framework can help construction practitioners calculate the compensation levy

for delay damages in a fair and balanced manner.

Megaprojects play a pivotal role in the socioeconomic development of any
country and contribute significantly to employment generation and national gross
domestic product. The construction industry has many beneficial roles, but it also has
numerous detrimental impacts. These impacts include natural resource depletion, energy
consumption, environmental pollution, harmful gas emissions, and waste generation. It
is imperative to avoid such detrimental impacts and ensure sustainable development by
adopting green measures. Many studies have been conducted on sustainable

construction, some of which have also focused on determining critical success factors

\



(CSFs). However, studies on the sustainability of mega construction projects are limited.
In the literature, no study was found that determined CSFs for the sustainability of mega
construction projects. To fill this gap, this study aimed to determine success attributes
for the sustainability of mega construction projects, to evaluate their underlying
structure, and to determine CSFs and their relative importance. Attributes were prepared
based on a literature survey and discussions with experts. A questionnaire survey was
conducted with experts who handle megaprojects. The respondents were asked to select
a megaproject with which they were associated and rate its sustainability performance.
They were also asked to rate the impact of attributes on the sustainability performance
of the project. Subsequently, exploratory factor analysis was conducted to group the
attributes into smaller sets of factors. Using multiple regression analysis, CSFs and their
relative importance were determined. This study found nine success factors and four
CSFs. The CSFs were as follows: adequate budget provision and effective governance,
mandatory environmental impact assessment and enforcement, sustainable design with
proper site feature management, and effective construction stage monitoring and
management. The study provides vital inputs for stakeholders to adopt in their projects
to enhance their sustainability performance. Since the study is unique for mega projects,
there is a need for similar studies in future to create pool of data for comparison and

further analysis.

The safety of workers at worksites, becomes a major social responsibility and
challenge. The construction industry has the highest accident rate and is considered the
most dangerous industry globally. It is thus imperative to prevent such a situation and
move toward safer construction. Many studies exist on safety issues in construction
projects, some of which have determined critical success factors (CSFs) for safety.

However, safety studies specifically on MCPs are limited. In the literature, no study was

Vi



found to have determined CSFs for the safety performance of MCPs. To fill this gap,
this study aimed to determine success attributes for the safety of MCPs, evaluate their
underlying structure, and determine CSFs and their relative importance. Attributes were
prepared in the similar manner as sustainability attributes. Data were collected through
a questionnaire survey, in which industry experts with experience of handling
megaprojects were asked to rate the degree of safety arrangements in a select
megaproject with which they were associated. They were also asked to rate the impact
of attributes on the safety of the project. Subsequently, exploratory factor analysis was
conducted to group the attributes into smaller sets of factors. Using multiple regression
analysis, CSFs and their relative importance were determined. This study found five
success factors and three CSFs. The CSFs were as follows: management support and
commitment, adherence to safety rules and procedures, and a proactive approach of
supervisory staff. The findings of this study have theoretical as well as practical
application. In theory, this study adds to the body of knowledge, while in practice it
provides CSFs for safety for stakeholders to adopt in their projects to enhance their
safety performance. Since this study is unique to megaprojects, a need exists for similar
studies to be conducted in the future to create a pool of data for comparison and further

analysis.

Finally, three case studies were conducted; selecting one MCP each from the
three government organizations. It is found that the system adopted in the case study
projects are broadly and qualitatively similar to that adopted in the research objectives.
The CSFs identified in the research for sustainability and safety are also in practice in
the case study projects. Thus, the case studies support the data inputs and results of this

research.
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NIRSEY

LA TSHT T TIRTECFAT TRATSAATA T TFHAT T & F LA Aaa1 9 9 F:2dT g,
S fFem, At e, ae sy seqrast, Torrterd T siT Y7o At 8 S w6 g8 aF

LA AT ST SHEN 6 & 1 ATTHT el i FI=T FAT &1 T TETTT T 3297 TEART TSAT Al

TS Taerd TOITAT il ATATAATHE ST HLAT 3 S8 AT 3 IUTAT I TATT <AT gl T TR

ST, FATd F5rd &rh =t fawnr (Jidfeseg=h), fReeft A ¥ g (SToAsrH) i

AT TP TTHTT TTERTOT (TAUATSE) it THRFASIAT TUTAT 37, I SedTasii sl ST F¥ 3T
IH AN ATTHTRAT o ATATERT AT [AFqTE F T AT TAT| IThT T [Fwareqi =t qoar hr
T ST TRAAT & TEATAl 1 T6H A 6 (o1 FATH TAT AT TR 0T TAT 3T 376 FATeaq=T
& Haeg H AWl 6 T MG H T2 A T = qEl 92 AT AT Al T TATIe T Gaeq0 ST

U TEhT T[0T T ITANT Feeh HTIT AT, 37T 11 Searai § | 97 9¥ 09 qguid 9Ts T3, TH0,

freew & game o & forg 27 7 aearat i S HEEAl g A w1 g QAT T S5 At 9

fferaT aferaT % JaTofieeor, 37 90T o9 JTet s Eare-H< IerdT, J9T 9% 1T & Ararad o

SHATT T A aTAar | glag, F7 i qefiar & MCHT T8 & F0T THa il 929TE, A0 g

THE ATATE, ShaTd ZIT 1T Fd § fawear & fow v Rewde aisr (debarment clause),

fAmTor g wfafatedt & ST 337 % AT § A S qEIH F ATeAH g% 3T AR 2

TEAAT | IAL FIH Agead Ul (Rrrer F1d Fawmaet § "Refiasl a2 e Hfed” & & o 39T



FATST qHTATIT FAT, ST FTF AT F 0 A a1 T q2F 7 g 37 & o w1 & 97 |

FrEata® Aot F1 Tgrm

T FT Ty AT sEt § syl 2 | ¥ UF 8| ST a7 F A Aior aferserstt

H foarel ¥ a9+ & forw, ureed, Sehare, o foret ot aer & e & @ g arelt & Fr 3 w v

TEATAA ST SAarel TEATAA H ST FL T ATTYTRAT g1 AT TTAT AT § A TLRTET TRSAT

& fRwtor srgae it 280, 0 q ATl &l Sl garas i et & qataq it g i s

FAT 2 ST T o SUTAT T AT a7 gl I Ao TTHRIF FILHT T ATHA FLd g SHATL o6 HIT
B ATAT LT TorT qamast il T0ET 6 o0 Tah T §3a91 H7 A1 Sedqrd war gl Fewy i
AT FTSAT o0l TRATSTHT THLT TOTAT 6 A T3, TG AN HETET 6 HIEATHT AT A
AT o= o A7 FIFATAT 9T AT 21 STeqIT H G771 737 o f@eia qgarmast &t 1= % forg

HISET AT TN FAT-FAT G0N S TATTAT 21 &R & THH STATAT, HATAS T IT! (AT

FLA oF AT AL B Fe TTETH w1l 92 =T AET 6T SITaT 8, ST8 UTEF o HTL0T g1 ATeAT ol

T T <L AT ST AT SAq@ At 7 3= T dqierd it o a8 ¥ g0 THA & o0

HATST T AT XA H 7EE FL HHAT 2

AT ToTaFed Tohelt 1T 397 o ST ST arreieh fahre H Agcaqut s{rent 97T g 3ii¥ TSR 991

AT TP T T 3CTE H Hged 0T TRTE < gl (AT SRR &1 FF ATHHRRT A0 5, ATohed

THE Fs gUHIH TATF AT g1 ST TATAT | T GATe Sl HHI, FHofl 0l @ad, T T,

ST T ITEoi i STITATT IeqTa oA 81 T8 T o gIARTH TATal F F=+T 37 g 3uT

T AR qAd (ShTd AT BT TATa9qF gl e =aior (Sustainable construction) 7%

T ALAAA [0 0§, ™EH F 7 T Ao ahadr sl (Sruaus, Critical success factors)
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F Mg #w7 w ft eam Ffea fFr 21 geits, & i afesEret ® el

(Sustainability) o% srezae Hifoa g1 AT §, TAT FIS TeqAT Toi ITIT AT ST AT [Hior

TR % TR * forw Hroaus A et wear gn =9 a7 i 9% & o, TF T2 a9 w7

29T BT HHT9T TRATSHTSAT % ST o (o7 qherdr & Udisge (attribute) &t Raiia T, It

AT HEAAT HT eATEHT FIAT ST HTUHUE 3T I q19eT Tged il (HEId HeAT IT| 7 o0
qITET qaeAT ST Qo= & arer fF=m-fawed & sraw 9= udege aur B T SRS ¥ 2

Q=TT o |1 Uk TeATaett Gaequ FohaT AT ITLRTATSH il U HITSSIFE T FIT FLA & (o0 FHgl

TAT e 9T 9 2 g0 o #fiT 9 eqTAE w29 (sustainability performance) &t YT #3 &

o0 #igT AT 9| Ivg TRATSHT % TIT@ a9 9T e (attributes) & T &1 ¥ 3 & o

AT g1 AT AT THE 912, TR & Bl GHal H UL Hl GYfad Hd & (o0 @rorgol Feh e

(Exploratory Factor Analysis) fam =m warfaes gfaws= f@gwor (multiple regression

analysis) &1 ST F2d gu, CSF i 39 A1uer "gcd &1 Heriwor foram am =9 sregad # 47

TEAAT FTCH (success factors) T =X Hiuaus (critical success factors) 9T 77| HoaU®

TH T A TATH Fe TTAET ST TATAT TATEA, AT T TATE Jediswd i< Taq-, 3=

qrze Ay gagT & @y fewrs fBsrea, s gwret [t = [ @i g@gm 18 e

RagTeat 7 I qad TEH T T2 o7 I TRATSHTSA H T % o Ageaqor ST

TR FEAT gl Hoh STEAAT HIT TRATSTATA 6 (70 TIH g, Foeq | AT 3% 6T 6 @ & o

ST F A a1 o (0 T g ST TeqAT 6T AT gl
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FEETAT TT ATHHT o0l GLEAT Teh THE ATHTOE SIFHETT 3T FATT g AT S2RT H gHedr X

e e g oY = forg Ta 9% 9e9 Ga<ATsh SN JET SA7aT 8| gefery UHy fafa &7 T sie
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TRATSAT T AT T TEeIad o THIE i L& e & [0 | Hgl TAT| THh AR, FILHT 6 Gl THaT

H TSI & THed FA & (oru @rerger & aawor (Exploratory Factor Analysis) T =

T STawae ferawor (multiple regression analysis) T 39T #%d g6, CSFs 3T 39 arue
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GIST &TeR: BT HHIT, e e, TRATSHAT Faed, T o, ot fafer, afiasEr

T, T " THA™, qIAES 6l FMel, fewrs [, gha 9am, agal awadr #E (Fuaus),

TTILOT JRT, FLEAT TR0, FRATOr Fear, #9r [Heior # g2e47 % q2 |

Xiii



TABLE OF CONTENTS

CERTIFICATE ..ttt ettt be et e e st e e et e e sereabeesnee s I
ACKNOWLEDGEMENTS ...ttt I
A B S T R A T ettt a e e b e e e iv
TABLE OF CONTENTS . ...ttt Xiv
LIST OF FIGURES ... .o XXii
LIST OF TABLES. ...ttt Xxiii
LIST OF ABBREVIATIONS ... s XXV
CHAPTER 1 INtrOGUCTION .....cetiieieiiiteiee e 1

L1 BACKGIOUNG ..ottt 1

1.2 Definition of @ MEQaprOJECE ........ciiiiiiiieieieie e 2

1.3 Motivation for the Research Work............ccooeoiiiniiiniiiiiceeese s 3

1.3.1 Comparative study of project management system of government

OFQANIZATIONS ...ttt et bbbttt et et e e e bbb b beene s 3
1.3.2  Delay damages and levy of COmMPENSation...........cccovvveieieieneniescseseeins 5
1.3.3  Sustainability Of MCPS ..o 9
1.3.4  Safety iSSUES IN MCPS.......ccoiiieiece et 12
1.4 RESEAICH ANM .ot 15
1.5  ReSEArch ODJECHIVES .....ccucieiiieie st 15
1.6 SCOPE OF the STUAY.....ccuiiieiiee e 16
1.7 Organization Of the TNESIS .......ccueiiiiiiie e 17
1.8 SUMMANY ..ttt ettt ettt et nan e e beeennas 20
CHAPTER 2 LIterature REVIBW .......ccciiiiiieiie et 21
2.1 BaCKGIOUNG ... 21



2.2 Overview of the Construction INAUSEIY .........c.cceieiiiiiiiisiseiee e 21

2.3 OVEIVIEW OF MCPS.....oiiiiiiiiicee e 24
2.4 DefiNItioN OF MCPS .....cciiiiiiic e 26

2.4.1  Cost threshold values of Megaprojects ..........ccccvvvrvririenieiencree e 30
2.5 SUCCESS OF IMCPS......cuiiiiiiicisiet et 31
2.6 Definition Of PrOJECE SUCCESS ......civeiveiiiriiriisiieieie et 32

2.6.1  Macro and Micro viewpoint Of project SUCCESS ........ccecverreeiieireriesieieenens 35
2.7  Criteria for Measuring ProjeCt SUCCESS........cuieriererenieniesesieeienie e sie e snesneas 36
2.8 Critical SUCCESS FACLOIS ......coiuiieiiiiiiieieee e 37

2.9  Comparative Study of Project Management System of Government Organizations

............................................................................................................................ 39

2,10 Delay, Delay damages, Levy of COmpensation ...........c.ccocveveeveeseerverinseenen 41
2.11 Sustainability Of IMCPS..........ooiiiiiic e 46
2,12 Safety ISSUES IN IMCPS ... e 52
2.13 RESEAICN GAPS ...ttt 57
2.14 SUMIMAIY ..ttt ettt h et bt e ae e et enne e be e be e et e e nnn e 59
CHAPTER 3  Research Methodology ..........cccviieiieiiiiesieece e 60
3.1 BACKGIOUNG ..ot 60
3.2 Research Methodology ..ot 60
3.2.1  Research philoSOphY .......ccooiiiiiiii e 63
3.2.2  Philosophies adopted in the present research..........ccccoccveveiieeiie e, 66
3.2.3  RESEAICN PrOCESS ...cvvieiieiiee ettt 67
3.2.4  ReSearch approach .........ccooeceiiiiiinisieiere e 68
3.2.5  RESEAIrCN SITALEQY ...ecveeueeieiiiiesie et 70
3.2.6  Research method ChOICES..........cccoviiiiiiice 71



3.2.7  Data collection and analysis............ccoveiiiiiiniiiniieeee e 72

3.3 Methodology Adopted for Research ODJECHIVES ........cccccvvieiieieniiinieieeie e 74
3.3.1  Selection of government organizations for the study ............ccccoecvvveinennnne 75
3.3.2  Grounds fOr SEIECTION .......c.oiuiiiiiiiieieeeee e 75
3.3.3 Sty OF STAIULES ......eeeeciieciece et 76
3.34  Objective 1 Method .........ccceeiiiiiiiec e 77
3.3.5  Objective 2 Method.........cccoevuiiiiiiec e 79
3.3.6  Objective 3MEthod.........cccccouiiiiiiee e 80
3.3.7  Objective 4 Method ..........ccoovuiiiiiiee e 82

3.4 Methodology for ODJECLIVE 5.......ccciiiiiiiiieiee e 83
3.4.1  Sustainability StUAY .........ccceeiiiiiiiee e 83
34.2  SAELY STUAY......oiviiiiiiieieeiee e 84

3.5 SUMMAIY .ottt e et b e 86

CHAPTER 4 A Comparative Study of Project Management Systems.................... 88

A1 INEFOTUCTION ..ottt bbb 88

4.2  Step-wise Description of the Data COleCtion...........cccovcveveeieiiiene e 89

4.3 Write-up of Project Management SYSIEMS..........coovviririniiniieiee e 91
4.3.1  Project management in CPWD ..........ccccooveiiiiic i 91
4.3.2  Project management in DMRC...........cccoiviiiiiciicce e 93
4.3.3  Project management in NHA ... 95

4.4  Salient Features and Their COMPAriSON ..........cccoieeieiieiienieie e 97
4.4.1  Pre-construction stage aCtiVItIeS ..........cccccvveiieiiiieiie e 97
4.4.2  Construction-stage aCtiVItIeS..........cccveiveiiiiiie e 98
4.4.3 Discussions of related provisions of FIDIC contracts ............ccccceeeveennen. 112

4.5 PrOPOSITIONS ... .ctiiiiitieiieie ettt bbbttt ettt sb bbb 113



A6 RESUILS . 115

4.7 Summary and CONCIUSIONS..........cccuriiiiiiieiee e 116
CHAPTER 5 Measuring Degree of Consensus for Propositions.............c.cceevveeieenne. 117
5.1 INrOAUCTION ...t bbb 117
5.2 Collection of Data and ANAIYSIS.........cccouiriiriniieiesisesee s 117
5.2.1  Administration of the qUESLIONNAITE..........cccccvvviiieii e 117
5.2.2  Selection Of reSPONUENTS ......c.cccveiieiieieiiese e 118
5.2.3  DEefiNiNG CONSENSUS .....ccvviivieiieeie ittt s sre e 120
5.3  First-round Questionnaire Survey and ANalysis .........ccocuveereienenenesesennns 121
5.4 SECONT-TOUND SUINVEY ....ooviiriiiiiiiiie sttt st 122
5.5  Analysis of FiNal RESPONSES ......c.oiiiiiiiieieieie et 123
551  Reliability TST.....ociiiiiieee s 125
5.6 Interpretation and Discussion of the ResUltS..........cccccvvveiieiiniiiiiiie e 125
5.6.1  PropoSIION L....ccoiiiiiiiiiieie ittt 125
5.6.2  Propositions 2, 3, @N0 4.......cccoeieiieiiieeeeese e 126
5.6.3  PropOSITION 5....oiiiiiiiiiiiceee et 127
5.6.4  PrOPOSITION B ....ccuiiiiiiiiiiieieie sttt 128
5.6.5  PrOPOSITION 7 ...oocvviiiiiie ettt 128
5.6.6  PropoSItION 8 ........cciiiiiiiiiiicie et 129
5.6.7  PropoSItioN 9 .....ccuviiiiiiiieiie ettt 129
5.6.8  PropoSition 10 ......ccoiiiiiiiiieiiie et 129
5.6.9  PropoSItioN L1 ......ccoiiiiiiiieiiie sttt 130
5.7 Summary and CONCIUSIONS..........oiieiiiiiiieie e 130

CHAPTER 6 Evaluation of the Government Contracts for Accounting Various Types of
DIAYS ettt 132



6.1 INEFOAUCTION .., 132

6.2  Provisions of Extension of Time and Financial Compensation to Contractor for

CategorieS 1 and 2 DEIAYS .......ccviieiieeiie it 133
6.2.1  Central Public Works Department (CPWD).........cccccoveveiieeneiie e 133
6.2.2  Delhi Metro Rail Corporation (DMRC) .......ccccoevveieiieieee e 134
6.2.3  National Highway Authority of India (NHAI) ........ccooeeiieiiiieiee, 136

0.3 DISCUSSION ....eviiiteeeiiete ettt bbb 137
6.3.1 Related provisions in FIDIC CONtracts..........ccccccevveveiieieese e 137
6.3.2  Consensus measurement through Delphi analysis...........cccccooiiniiinnn. 139
6.3.3  Interview with the government arbitrator ............ccoooveiiiinii 140

0.4 RESUIS ..o s 141
6.4.1  Validation of the RESUIT...........cooeiiiiiiiii s 141

6.5  Summary and CONCIUSIONS. ........cciiiiiiieieieere s 142

CHAPTER 7 Framework for Calculation of Levy for Category 3 Delays.................... 143

T 1 INEOAUCTION ..ot 143

7.2 Provision for Levy of Compensation for Delays in Standard Government

CONIFACES ... e 143
7.2.1  Central Public Works Department (CPWD).........cccccceevveieeieiie e, 143
7.2.2  Delhi Metro Rail Corporation (DMRC) .......ccccoevieiiiieieece e 145
7.2.3  National Highway Authority of India (NHAI) .......ccocviiiiniiee 146
7.2.4  Provisions in FIDIC CONIACES........cccouviiiiiiiiesie e 147

7.3 DISCUSSION ..ttt ettt bbbttt bbb 148

7.4  Proposed Framework for Calculation of Levy of Compensation ................... 149

7.5 Validation of the RESUIL.........ccoiiiiiiiie e 155

7.6 Summary and CONCIUSIONS........ccoiiiiiiiiiieee e 155



CHAPTER 8 Identification of Critical Success Factors for Sustainability................. 157

S B [0 (oo [0 od o] o ISR 157
8.2  Identification of Sustainability AttriDULES..........ccccvviiiieiiiice e 157
8.3  Questionnaire Survey and Data Collection ............cccceevvevieivecvic e, 162
8.4 Data ANAIYSIS ..o 165
8.5  Discussion of the Extracted SUCCESS FACIOIS ..........covvririeiirieieienc s 169
8.5.1  Techniques to ensure energy cycle optimization and training.................. 169
8.5.2  Implementation of measures to ensure water cycle management............. 170
8.5.3  Effective construction stage monitoring and management...................... 170
8.5.4  Mandatory environmental impact assessment and enforcement .............. 171
8.5.5  Adequate budget provision and effective governance.............cccccceeueneee. 172
8.5.6  Sustainable design with proper site feature management...........c.ccocceuenee. 173
8.5.7  Optimal use of building materials and reSources...........cccceoeeerenerernnn. 174
8.5.8  Reuse of waste as construction materials.............cccoovvvviininnniinenn, 174
8.5.9  Adherence to mandatory green building NOrMS...........cccooeveieiciiiennne. 175
8.6  Determining Critical SUCCESS FACIOIS .......couviieiieiecie e 175
A o (=TT | | SR 177
8.8 SUMIMAIY ..ottt nne e b e 179
CHAPTER 9 Identification of Critical Success Factors for Safety...........cccccevvernennee. 180
0.1 INEFOAUCTION ..ttt nne e 180
9.2 ldentification of Safety AUIDULES........cooieiiiiiie e 181
9.3 Administration of the Questionnaire Survey and Collection of Data .............. 184
0.4 DAt ANAIYSIS ....oeeeiieiiee e 187
9.5  Discussion of the Extracted SUCCESS FACIOIS ........ccceeieiieiiiiiiie e 190
9.5.1 Management support and COMMItMENT..........cccceerivereeieerieere e 191

XiX



9.5.2  Efficient safety Climate ON-Site ..........cccovieieniiiiiniiere e 191

9.5.3  Adherence to safety rules and procedures ...........ccocuevvreerereneneneseneenns 192
9.5.4  Proactive approach of supervisory staff.............cccooivnieiinininiiien, 193
9.5.5 Workers’ involvement in SAfety ... 194
9.6  Determining Critical SUCCESS FaCLOIS ........c.ccvviiiiiiiieieiisese e 194
0.7 RESUILS .. 195
0.8 SUMMEIY ..ttt b et b e nn e e e 198
CHAPTER 10 CaSE SEUY .....eviiuiiiieiieiieieiie ettt sttt 200
10.1 INEFOTUCTION ..o 200
L 0% 1] (1 [0 | SRRSO 201
10.2.1 Salient features relating to the project .........cccoveveeveicce e, 203
10.3 CSE STUY 2 ... 207
10.3.1 Salient features relating to the Project ..........cccvvvvirieiieienesese s 209
10.4  CASE STUAY 3 ..o 212
10.4.1 Salient features relating to the Project ..........ccocvvvvirieiiiiene i 214
10.5 DISCUSSION ...ttt bbbttt bbbt 217
10.5.1  CaSE STUAY 1 ..ot 218
10.5.2  CaSE STUAY 2 ...ttt 221
10.5.3  CaSE SUAY 3 ...ttt 223
10.6 RESUIL ... 224
10.7 SUMIMAIY ..ttt ettt et e e st e e bt e e st e et e e et e e nneeanbeennnas 225
CHAPTER 11 Summary and CoNnCIUSIONS...........cccveiiiiiiieiee e 226
11.1 INEFOAUCTION ..o 226
11.1 Summary of the StUY .......coviii e 227
T1.2 CONCIUSIONS ...ttt bbb 231



11.3 Limitation of the StUAY ... 234

11.4 Expected Contributions from This Research...........ccccoovviiiiiiiiieieenn 235
11.4.1 Contributions to theory and PractiCe..........ccocvviriririeiiieieierese e 235
11.4.2  Contributions t0 INAUSEIY ........cooiiiiiiiiieiee e 237
11.4.3  Contributions t0 SOCIELY .....ccuvcveiiieiiecie e 238

11.5 Scope for FUtUrE RESEAICN.........ccviiiiiieieiee s 238

RETEIBNCES bbbt 240
Appendix A sample Questionnaire ROUNA 1 ...........cccooveiieiiiie e 277
Appendix B sample Questionnaire ROUN 2............cccooveieeiiiie i 280
Appendix C sample QUESLIONNGITE .........ceeieeieiieiiee et 284
Appendix D sample QUESTIONNAITE ..........ccceeiuiiiieiiee e 288
Publication/Submission based 0N the TheSIS .........c.coeiiiiiiiiice e 292
Bi0 Data 0f the AULNOT..........oiiice s 294

XXi



LIST OF FIGURES

Figure 3.1 Research “onion” (Saunders et al., 2009) ..........cccocveveiieiiiie i 66
Figure 3.2: Research Process in Flow Chart (Kothari, 2004) ..........cccooevviieiiinneninseeee 68
Figure 3.3 Method framework for ODJeCtiVe L........cccoeiiiiiiiiiiieeee s 79
Figure 3.4: Method Framework ODJECLIVE 2.........ccviieiieiiiieceee e 81
Figure 3.5: Method framework for 0bjJective 3. 82
Figure 3.6: Method framework for Objective 5 — sustainability ...........cccccoceiiinininnnn. 85
Figure 3.7: Method framework for Objective 5 - safety.........c.ccooviieiiicniiciee 86
Figure 4.1: ROULE MaP .. ..o niii e 94
Figure 5.1: Response of individual expert vs median value (sample) ...........cccccvevvennn. 123
Figure 7.1: Value of K for different value of DT/S and DC/DT ......ccccoceeiiviiiininnnnnn. 1530

xXii



LIST OF TABLES

Table 2.1 Definitions of MEQAPIOJECT .......cveivvei e 28
Table 2.2: Cost threshold values of Megaprojects ........cccoovvvririeiiiniieicieeee e 31
Table 3.1: Methods adopted in each ODJECTIVE. ..........coeiiiiiiiireeee s 62
Table 3.2: Research method classification for each objective..........ccccoccvvvevviiciicinennns 73
Table 4.1: Comparison of salient features - pre-construction stage activities.................. 99
Table 4.2: Comparison of salient features - construction stage activities....................... 103
Table 4.3: Description Of PropoSITIONS..........ccviiiieieienieiese e 113
Table 5.1: Respondent’s profile — Delphi analysis..........ccccoveveiieiiiciieic e 119
Table 5.2: Analysis of first round reSPONSE .........ccvcvveiieiecie e 121
Table 5.3: Analysis of final reSPONSE..........cccoiiiiiiiiie e 124
Table 6.1: Comparative summary — delay proviSions ..........ccocoererieienenenenesesesienns 138
Table 7.1: Comparative summary — levy of compensation ..............ccccccevvveveiieieenns 1474
Table 7.2: Value of K for different value of DT/S and DC/DT........cccocevevvieienenennnnn. 153
Table 8.1: Attributes and their sources - sustainability............ccocooviiiiieniniee 159
Table 8.2: Respondents profile - sustainability............cccooveviiiiiiie e 163
Table 8.3: Factors and their underlying attributes - sustainability..............c.cccccoevenenne. 166
Table 8.4: Stepwise multiple regression result - sustainability.............cccccooevveieinennn. 176
Table 9.1: Attributes and their SOUrCeS - SAfELY ........coeieiiiiiiieee 181
Table 9.2: Respondents profile - SAfety ..o 185
Table 9.3: Factors and their underlying attributes - safety .........ccccccooevviiiiciccec. 189
Table 9.4: Stepwise multiple regression result - safety .........cccoceeveiveiiicciicce e, 195
Table 10.1: Particulars of the project — case Study 1 .........ccccoviviininiiiiiieie e 202
Table 10.2: Approved phase IV (3 priority) COrridors........cocoviiiirieiiiene e 207
Table 10.3: Particulars of the project - case Study 2..........cccecvveiieiiiiiiccie e, 208
Table 10.4: Particulars of the project —case study 3 .........cccccveeiiiiie i, 213
Table 10.5: Rating of the safety success factors in case study projects.........c.ccoceeeeueee. 219
Table 10.6: Rating of the sustainability success factors - case study 1 ........cccccceevvruenee. 220
Table 10.7: Feedback from DMRC for sustainability success factors..............ccceveenen. 222

podl



Table 10.8: Rating of the sustainability success factors - case study 3

XXV



LIST OF ABBREVIATIONS

CPWD Central Public Works Department

DMRC Delhi Metro Rail Corporation

DPR Detailed Project Report

EFA Exploratory Factor Analysis

EIA Environmental Impact Assessment

EOT Extension of Time

EPC Engineering, Procurement, and Construction
FIDIC Fédeération Internationale des Ingénieurs - Conseils'
GB Green Building

GCC General Conditions of Contract

GDP Gross Domestic Product

GOl Government of India

GRIHA Green Rating for Integrated Habitat Assessment
HSE Health and Safety Executive

IGBC Indian Green Building Council

KMO Kaiser—Meyer—Olkin

LCC Life Cycle Cost

MCP Mega Construction Project

MPD Master Plan Delhi

MRTS Mass Rapid Transport System

NHAI National Highway Authority of India

NOC No Objection Certificate

NORA National Occupational Research Agenda
NHDP National Highway Development project

SC Sustainable Construction

SHE Safety, Health, and Environment

SOP Standard Operating Procedure

SPSS Statistical Package for Social Sciences

XXV



