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ABSTRACT

Construction projects are a set of unique actiwitieat are performed to achieve a particular gobakn be very
well said that these projects need very accurateitoring to achieve the results or desired pararadfe the customer.

Project needs are to be managed for deriving seslits.

The continuous tracking of these projects are ptssinly when there is a structured mechanism téobewed
for monitoring. In the present study, existing teicjue of control like ‘lean Six Sigma’ is contemigld for monitoring
such processes in a project. Further, special taitehas been given to the problem of inaccurataitodng of project

parameters.

The study is based on designing and analyzing dadetogy that improves the project risk managenpeotess
by having efficient monitoring system for these jpots. The monitoring should be based on the résisisivity of the
various parameters of the project. These parametersved through exhaustive literature survey argert advice, are
given special references whilemonitoring the profecrisk analysis. Six Sigma level of accuracgaceptualized in this

study for the execution of the projects.

On analyzing the possibility of risk occurrence Sigma levels for each pre-decided parameter, fidugd that
technical parameters have gotthe maximum numbsesksd associated with them. The methodology progpase¢he paper

provides a guideline for risk monitoring for Povirrnsmission construction projects.

This study bridges the gap between uncertaintyvegltiplanned project management which will helgetthance

the project performance.
KEYWORDS: Project Risks, Six Sigma, Risk Management, Contmdrojects
INTRODUCTION

Construction projects are a set of unique activitieat are performed to achieve a particular gblaé project
needs to be managed. It can be very well saidcivain projects need very accurate monitoringctueve the results or
desired parameters for the customer. Project neeelsto be managed for deriving such results. The tproject
management actually implies the set of whole a@iwistarting from the initializing phase of a @jto the final post
project evaluation and it has been studied by varauthors like Marque=t al. (2013), Lindkviset al.(2013), Nahodt al.
(2013), Stare (2014), and Smitha (2014).

Project management is very essential for churninigtioe desired outcomes from a project within tpeliad
constraints. This is possible only when project agans have a strict continuous control over thgeptaelated activities.

The continuous tracking of any project is possibldy when there is a structured mechanism to bbveld for
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monitoring. In this study, the case of a powerdraission line construction project is taken in oreeanalyze the need for

monitoring of a project on a continuous basis ana professional order.

The projects are unique in characteristics, soilartaade system is needed for developing this tooimg
procedure for each type of project. In the presamdy, existing technique of control like ‘lean Sigma’ is contemplated
for monitoring such processes in a project. Furtlspecial attention has been given to the probléninaccurate

monitoring of project parameters.

The power transmission line is one such divisiopafer sector which is sure to grow by leaps anthts in the
coming time, and hence it becomes a necessity toitarothe efficiency of electrical transmissiondirconstruction
projects. In the next Five-Year Plan, India is aighio develop a power sector to cater to the néebout 1 lakh mega
watts, and hence a rapid increase in the electii@agmission line construction projects is to eersin the near future in
India. The story for the rest of the world is atke same. In order to pump up the production sdeeidu energy, a rapid
increase in the transmission lines is needed, lam@xisting lines are already at the brim of cayasb a huge number of
such projects are going to be undertaken by théowsrgovernment and private agencies. Although Po@rd
Corporation of India Limited, National Thermal Powgorporation, State Power Transmission Boardsgaieith global
private players are professionally managing thesdnend comingup with electrical transmission linastruction projects,
still on site contractors are needed to be upgrddedscientific (which are not necessarily statetad-art, costly or

complex) monitoring techniques to be used in eleattransmission lineconstructionprojects.

This study presents an approach for developmesticti a project monitoring methodology, especialydfower
transmission lineconstruction projects. Authore Ikbdullah and Rahman (2012), Aliesal.(2012), L6pez and Salmeron
(2012) and Christoph and Konrad (2014) have smadifi stressed that risk management and performaheay project
depends on the better project monitoring technigusesl in the project. Hence, efficient monitoriregicbases the risk and

increases the performance of power transmissi@ncamstruction projects.

This study bridges the gap between uncertainty wal-planned project management, that is preserthén
projects, most of which are being handled by cattra at various levels. So, we have devised theshadology by
applying the simple techniques of monitoring whigk very accurate in nature, like the lean Six SigHence, this study
is a novel step in the direction of accurate projeonitoring for performance increase in power $raission line

construction projects.
LITERATURE REVIEW

An exhaustive literature survey is done in ordeiirtd out the viewpoint of different researcherstbis particular
aspect of project management. We have inculcated vibwpoints on general project management and rigle
management process involved in power transmisgienconstruction projects. In order to give a moriity methodology
for performance enhancement in theconstructionpt®jecach of these aspects has been studied tty freach the

methodology that can be employed for accurate prof@nitoring.
PROJECT MANAGEMENT

Several researchers like Favari (2012), Ismgdl (2012), Dawei and Xuefeng (2012), Rolfe (2013)uBa%t al
(2013), Kahkonegt al (2013), Sharift al. (2013), Alketbiand Gardiner (2014), and Singh (20kdve studied project
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management with special reference to project mak the general project management process. Thedestprovide an
insight into the various processes generally ingdlin project management and most of them stresvating the project
into various activities or work breakdownbasedgtiting. The studies also opine that for succesafidinment of the

objectives of a project, project management is veungh necessary.
PROJECT RISK

Project risk has been studied by many researchefisei context of various sectors and industrieadi8s like
Abdullah and Rahman (2012), Alias al. (2012), Pinto and Dominguez (2012), Purnus and Bq@813), Maravas and
Pantouvakis (2013), Pinhegbal (2013), Sheykét al. (2013), Binderet al. (2014), Hussein and Klakegg(2014), Tenera
and Pinto (2014), Papadakial. (2014) have given insights into the risk managenmatess of some of the common
projects of the industry. Some of the factors arap®ters suggested by the various studies candueindulfilling the
most common characteristics of project risk managgmand the interrelationship between performaame project
management level has been decided on the bagie difitlings of such studies only. On the other haheties like Favari
(2012), Tohidiand Jabbari (2012), Yanwen (2012hdkvisket al. (2013), Marquest al. (2013), Kuchta (2014), Sato
(2014), Singh (2014) and Sidawi and Al-Sudairi (2Dhave explained the complex project managemertgss but with
the help of a particular sector or type of indus®p, the results derived from such studies ardicgiybe only to that

particular type of project which stresses on thednfer executive risk plan for accurate project itering system.
PROJECT RISK MONITORING PARAMETERS

The techniques for measurement of risk parameterpdwer transmission line projects are found udis like
Dey (2001), Dey (2010), lyer and Sagheer (2010hgFand Marle (2012) and Johansetnal. (2014). But these studies
stressed on the risks present during the runningparation of the project, while the present stiglased on the
construction phase parameters. Further, variousnpeters for evaluating the dispersion of projeetfaund in studies like
Baccarini and Archer (2001), Menchesand Hanna (ROBfown et al. (2007), and Wuet al (2008). They stress on
technical risks like blueprints, site complexiti@sachines operation, etc., environmental risks #ghhat'Acts of God’ like
earthquake, lightning, flood, etc., financial rigket are economy-related parameters, marketirkg tisat are basically
related to the demandsupply, supplier transactdated parameters, and human safety risk, anotfyggoriant parameter
in projects like electrical transmission line caoastion where high voltage equipments and otherawiife-related risks

are present. The risk parameters as stressedfbyedif studies are presented in Table 1.

Table 1: Risk Parameters Referred to by Different Sidies

Types of Parameters
i Financial
Elesflé::ﬁioerss & Technical | Environmental | and Market H;EE”
related

Baccarini and Archer (2001) RF RF RF RF
Dey (2001) RF RF RF RF
Hillson (2001) RF RF RF NTR
Thevendran and Mawdeseseley (2004) RF RF RF RF
Erickson and Evaristo (2006) RF RF RF RF
Fan et al. (2007) RF RF NTR NTR
Wyk et al. (2007) RF NTR NTR NTR
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Table 1 — Cond.,

Dikmen et al. (2008) RF RF RF RF
Chen et al. (2011) RF RF RF NTR
Fang and Marle (2012) RF NTR RF RF
Regos (2012) RF RF NTR NTR
Vidal and Marle (2012) RF NTR NTR NTR
Aloini et al. (2012) RF NTR NTR NTR
Olaru et al. (2014) RF NTR NTR NTR
Note: RF = Referred by the study; and NTR = NotdRefd by the study.

DATA AND METHODOLOGY

The monitoring for any process is done for manysides across the manufacturing sector using Bim& (the
same methodology was suggested by Tenera and ROd). In this study, we have categorized thegmtajnanagement
process with certain common parameters (given l€ra) which are solely responsible for most of deeiations in the
project. In the present analysis, simple implemt@neaof Six Sigma is done since it is one such méttvhich is reliable
for not only quality testing, but also to measume slight deviations from the standard procedurbi particular ability is

used along with the simple lean ideology to tgsadicular powertransmission line construction pobj

The construction project for an 11 KV state eleitlyitransmission line is considered for the studpservations
are taken for every non-conformity and they aressifeed into four types of parameters—technicalyiremmental,
financial and market-related and human risk pararsetFive samples are taken in a duration of thmeaths from
different stages of the project across the transionidine. A total of 1000 readings are taken dherfive samples and the
disturbances or risks in these predefined parasater noted down. The main aim is to create a giraj@nitoring on the

level of Six Sigma, that means a defect of justi@@dmillion for non-centralized data.

RESULTS AND DISCUSSIONS

By employing Six Sigma on these guidelines, thadatanalyzed and the results arepresented in Tablde
results show the ambiguities found in the projacvariousaspects. The mean of all the samples safigm 48 to 60,
which implies that all theseprocesses have a terydendeviate from the planned specifications tgtmut the project

tenure.

Table 2: Frequency of Risk Occurrences of the FouParameters

Freequency of Occurances
Sample | Sample | Sample | Sample | Sample | Sum | Mean
1 2 3 4 5
Technical Parameters 27 36 41 35 39 178 3b.6
Environmental Parameters 15 17 9 14 7 62 12.4
Financial Parameters 5 4 3 8 11 31 6/2
Human Risk Parameters 1 2 2 0 3 § 16
Total 48 59 55 57 60
Mean of Samples 55.8
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On calculating the Six Sigma level for each of thparameters, it is observed that the projectnanere near
to the levels of accuracy (Table 3). There can barous reasons for this and the solutions alsp wath different
approaches. The analysis helps in compartmentglitia parameters on the basis of their importandetiae monitoring
to be decided for a particular level or compartnamly. The whole project needs to be monitored;dinte the level of
resources that are needed to be filled in for camgahe different parameters along the transmis§ige are different, in
order to decide upon the distribution of resouffoesachieving Six Sigma, the importance of eactapuaater in creating a
risk is needed to be known in advance.Table 3 shbesisk level of each parameter and its percentdgontribution to

the overall fault occurrence at Six Sigma level.

Table 3: Risk Level and Contribution of Each Paraméer to the Overall Fault

Occurrence at Six Sigma Level
%of Defects in
Mean of Defects at .
e G Occurances| Sigma Level Compécia;?nlzrqect

Technical Parameters 35.6 35600 63.8
Environmental Parameters 12.4 12400 22.2
Financial Parameters 6.2 6200 111
Human Risk Parameters 1.6 1600 2.9
Mean of Samples 55.8 55800 100

It is observed from Table 3 that the technical peaters are the most important parameters whicheapgred to
be dealt with while designing the Six Sigma levelspower transmission line construction projedise analysis proves
that while monitoring these phases, if technicabpeeters alone are taken into consideration, thents60% of the risks

can be mitigated.

Environmental risks are second most important,esitoout 22% of the faults can be mitigated by dgaliith
this cadre of parameters only. Experts opine thapgration for environmental faults or risks neeatreme level of

resources and historical data related to geograptiatails of transmission line area can be oftgnelp.

Hence, it is inferred that different risk paramstbave different effects on thelevel of risks fohiaving the Six
Sigma level in projects and the monitoring needsetoentered according to the guidelines providedHtese different

parameters.
CONCLUSIONS

In this study, it is shown how a project can bedéd on the basis of risk parameters,and the ptnarsmission
line construction project is thus divided into fquarameters of risk and the Six Sigma level anslissthen performed.
The values derived by project’s deviations from phenned specifications show that such projectsabsays prone to
risks, which can lead to delay and losses. Thieriscasted forabout the entire duration of the gmbpecause of the high
mean values of risk occurrence observed in allsdn@ples taken for the study. However, the percentdgre of the

parameters in the total risk occurrence is nostrae.

The technical parameters are observed to be thé impsrtant ones since most of the risks (63%)eadst of
these parameters. The study proves that a huge etuafbsuch potential risks are present which areded to be

continuously monitored forachieving Six Sigma inygo transmission line construction projects. Envinental risks are,
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however, hard to discover and mitigate, but sihey talso account for about 22% of the total riskupdng in the project,
it is mandatory to study the details of such riskfore starting a project at a particular venuéwhie help of data already

present.

Hence in order to achieve the Six Sigma level imgrotransmission line construction projects, a wiglege of
risks are required to be monitored, and since aritgjof them are technical in nature, it is po&sito mitigate most of

them through vigilant monitoring.

In future studies, such a system can be attachachtiwork system acting as the backbone of datefers, i.e.,
in other words, we are suggesting an automatedankteontrol system through which the data from diféerent project
sites can be derived automatically with the helpetivorking, and this will lead to better self-ogied project risk-related
data collection. This automated self-collected aetbbe used for analysis in Six Sigma. In thessvpr transmission line
construction projects, this self data collectiondue can be automated and will be able to colleetSigma level for each
part of the transmission line and feed this datdéocentral monitoring system. Such a system eampolated for each part
of the project along the different parts of transsion line. This will help in real-time monitorir@f the projects very

efficiently.

Hence, the study successfully stresses on the nowetept of introduction of Six Sigma in the power
transmission line construction project and succdiysfievelops the guidelines on the basis of vaiparameters that are
needed to be monitored. If the monitoring is donetlee basis of this methodology, risk managemedtaghieving of
Sigma levels in the project management of powenstrassion line constructionprojects is possiblerttar, similar

continuous and accurate monitoring methodologiasbeaderived in future.
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