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ABSTRACT
The aim of this thesis is to investigdéetors thatcauseproject late delivery (delaya$ a result
of welding defecs usually experienced durintpe oil and gagipeline constructionphaseand
proffer solutionsfor eliminationthroughthe Lean Six Sigma (LSS) moBelaysin projects do
lead to cost and time overrunsonstructionrepair, dissaisfied customesandabad reputation
for such organizationThis model is db to manage these pregtseffectivelyby ersuring opti-
mumwelding qualitythrough the various LSS tools amdhnigueswhichform bases foriden-
tifying the root caugs for welding defectasually experienced durintpe pipelinewelding ac-
tivitiesand presentneansfor analysis fopossible solutions faheir elimination;these normaly
occur in theoil and gagipeline construction phases Nigeria.

This research revealddr instance throughthe weld inspection report for one of theelected
compay, anaverag rate of 14912@veld defects per million opportunigls (DPMO) ah sigma

level of 2.550f past pipeline projects undertaken. Thus, poses great concerns and desires an
improvement mechanism fdhe reduction in weld defects. This falls under the capabilftihe

LSS model.

This study deploys the use of appropriate literature on LSS, and both qualitative and quantitative
research methods, where relevant data gathered through conducted interviews, weld inspec-
tion reports and submitted questionnaires withehrelevant players in the oil and gas pipeline
industry. Based on the issues stated above, the application of define, measureeimfprove

and control (DMAIC) methodology phases of LSS was used as the empirical case study. This
phase extensively utded the collected data, starting with the weld inspection reports in shaping
the definition of the research project, thus establishing the project charter, SIPOC. With the aid
of other gathered data, the measure phase examines this critical principletefaiaism, &-
pressed mathematically as Y3f(Mhich gives insights into thiactors or functions affecting
pipeline welding quality througlan environment, machine, materials and man. This formula
guides this research in the analysis phase, in formulaijpgssible solution to ensure quality in

the welding process and reduce defects through various statistical tests and charts, such as
ANOVACause and Effect, Fishbgri®areto chart. Finally, improve and control phases, wigh th

aid of FMEA and SPC chamsure continuous improvement and monitoring as a result of the
evaluated solution, which ensuwsa reduction in weld defects and late delivery in the construc-
tion phase of the oil and gas pipeline operations

KEYWORDS ean Six Sigma, minuous improement, pipeline constructionprojects im-
proveweld quality
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¢ KS LISNF 2 NXY Iy OBl YEIETASYTH! SER2 yFaNBM®EO (652 va | LINR aAiR0 i
KA AKWRAY Z 0 deK SNIOT RSNEEK A ORRWI ¢ At Rre$ t G GSy Az

GKAE LIKOFZLBRBBRSOG & 2 NIEYR UBS REBNBFNDBEB O &
SESOdri A2y

2LIAY SR orRS | A AlHARGRAZDKNI 44 GF E B RSFINE Ay
NI &K R FK AQIALIAYIH § 8AUBEE SV RRYWBdzi t 8F  § KASAY Ay KSNE

adzOK YSWS Q& AIlyNR &K AEGEEREABENKE (KIG I 01
RO2y2YAOFf 2LISNYIGA2y@f 2R OO0k ¢ REBWBER K36 O 2 81
I GAQG aAldzr GAZ2Y

QX

[N
(0p))

<

I
y

w»

(0p))

58aLJAd GKS dzaS 2F NI RA @A 2N {2 NBEIYIANBE SEIyhal
TSOUAOSySaa OFly 0SS RSolidlFotSy SallSOAlLtte I|a
SELISNASYOSRAFABEF RRE & Do MOz || WEBRSRNRIB E & Hintvp

0 KSHISS | R2LIIAZ2Y YR NYALFIBYISYNBUARYE 8FF VYR{ O2
LINE S YSy (1o 8 yANERIVIMTAEE X 2y & S& 20 Qi AT#K Alaa ANSNEISA- 2



MYy

gka FFTTANNVSR o0& | I RO (KSR NEARBREH WRIEKENIF dzt 0 >
jdz- ft AGe& | yR LINR2O
Ay LINPRdzOGazX &SN

i A

324 I YRRR2 08 & S9rd SEROWSIEBEYS v
WAOSAa YR LINROS&aSao

DAGSY (RISHGNBIASZR LINRP2SO0Ga dzyRSNII1Syz G4KS O
2Af YR 3L a AYyRdzZBENBS dAg688 Y SBG dzd NI LIA G | f
O2YLX SE G(SOKy2f238>x RANBOG I yYyR AYRANBOU Ayl
a20AFE AYLI OO o{¢SAa Si Ifd HamyT ¢Kdz2SG §
ISYySNIffe OKIONIVEADBSININIYIIR [Hfa yrzYo SNI 2F NBLISG A
SOSNE O NA 2dza NB2 SELISAR SREOERea a oSttt 1 &4 YS
YKFalFyA OHAMPOT hNIYy3IA SG fd OHnmMmMOT ¢ Kdze ¢
LISNA SY OSR  oNg QLONBPNRS Qlly QaAyLdSt Ay S A Y T NI & G NHzO (0 dz
NI &SR !'dzAGNI EAFT +#ASAdylrY FyR aARRtS 9l ai
0KS FT2ff26Ay3 6SNB addzYYl NOKESS f RE¥E O2ISNBR | &
T a2RATFTAOIGAZ2Y k OKHIfy ISaAYFYWRS TNRBY AyAdl
Ctlga RSGSOGSR Ay RS&Adya 620aO0dzNAiGASaA |
LYl RSljdzt S R20dzySyidlGA2y « RS&aA3IAYy &dzo YAA
| 2YYdzyAOFGA2Y 1 LJASa 0SG6SSy RS&AAIYSNE |
| 2YYdzy AOLF GiaA2y t11LJaSa 0SGsSSy Ot ASyid |yR
L3daadBNMRSNAY I QuzadRIYCGANY ®S SR
LYadzFFAOASYG 3IS20SOKYyAOlIf NBaSkNOKSa
LiadzSa 02NRSNAy3a Of ASyid «k aidl{1SK2f RSNA |
t 22N NBfFOGA2YaKAL gA0K TF20SNYYSyYyld | yR NEB
I NAGAOFE 6SIUOKSNJI O2yRAGAZY A
FGSNAF & k SERISLIYESY (0 adzLJL)X A SN&
dzo O2 Yy iU N OG2NJ A &dadzSa
yO2YLISGSyld LINRP2SOG GSFY FyR LB22N) axidsS v
NNENE SyO2dzyiSNJ AYy LI FYyyAy3a yR aOKSRdz
aadzSa 02NRSNAy3 2y Odzf Gdz2NF £ FyR KSNRAGI 3
| 2y a0 NHzOG A2y NBLI ANKkNBEG2N]

>

-4 & _& _a& _&a& _a& _& _a _a& _a _a& _a& _&a& _&a _a
r © - -~ o



55aLAGS GKS &adz00SaHBkEYy NBOBRKNR GARY LB2INIE yNRI 20dk32 V>
G2 GFO1fS AYLISRAYSY(a T2NI &I VREAKYEGANR 250 E
O2dzy i NASa KIFa NBOSAGSR ®HSadaR A aiNIE YRR yt A O P €
FTANI KSNI I 83 SNISRNE] 2 yi K& SIWNE NS S NINDKY LI 88 Sy i
2F [{{ AY DbAISNAI @

| 26 SOSNE GKS NBaSFENDODK AyiSyRa (2 AYyGiNRRdzOS
FIOUEANE ySOZ¥aEAN NUAOER QK SISHE 2RFFSOG A dzadz £ € @&
RAZINAYRAYS | OARIBAEYSEAO0RYad®HzO0GA2Yy 2LISNYI GA2Y

Ly GKS O2dzNBS 2F LIALIStAYS St RAYy3I 2LISNIGA2Y
NEAY3A 2dzi ¥S568MNHONR oBIXLHITAYTa 6DNRIOG O2y OSN
2S00 YIylaAwW2NVIHYR HESIREA & 2 NBLI ANT O02aid
2S00z YR (GKdza LINRf 2y 3y R KISy IRBR A MIS NEn MrOKS R dzt

1.2 Problem Statement
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1.3 Objectiveof Study
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1.4 Research Questions
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This research is being conducted with the help obliarnate hypothesisHy): There is
a significant relationship between inadequate training of pipeline welders ahayh

level of weld defects.

1.5 Assumptions and Limitations
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2 LITERATURE REVIEW

2.1 Introduction

Thissecond chapter describes tlowerview of Lean and Six Sigthaoretically and care-
fully andyzepast literature reviewsrelating to the subject matterto have general in-

formation and their possible effég toward managing project successfully.
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2.2 Merits and demerits of Lean Six Sigma

Antony et al., (2007)highlighted extensively in a research paper, some merits and de-

merits of adopting LSS modelsdlusiness organization, which are as follows:
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1 Ensure reduction or elimination in organization products or processes defects,
wastes and excessive variation

1 Business profitability can b&aid to be guaranteetiased on past success story
recorded by some business organization.

1 Elimination of cost incurred witlpoor quality, such as costs incurred late
delivery.

1 Crossfunctional eamwork inorganization is effectively harmonized to improve
service delivery oproductivity.

1 Effectively improve service and process efficiency in terms of time management
and lead time in an organization.

1 Ensure improvement in customertgaction, commitment or loyalty for services
or products of an organization.

1 Decision makingy management is greatly enhanced as a result of availability of
reliable data and information which all came about with the aid of LSS tools and
techniques.

1 Existing oganizational cuture or practicegend to transform positvely taew

levels anchchievement



1 In any business service delivery, raadue added factors which tends to slow
delivery usually exists, however, LSS ensures substantial reduction or elimination
of these factors for overall faster service delivery.

1 Substantial benefits or reards, such as monetary incestive for employees of an

organization practicing LSS.
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1 Lack ofawareness orstrategic planning techniques forSE adoptability in
organization

1 Difficulties in dismantling old organizational cultursd practices to adopt to
change.

1 Lack of management to commit resources to embrace changed, also,
consumes time which are aksential requirement for adopting LSS.

1 lrrespective of successful stories recorded by some organization, however, some

business organization recorded substantial negative impact practising LSS.

2.3 Literature review of Lean Six Sigma for the Oil and Gas Industry

In this chapter, an overview okan and Six Sigma will carefully be analyzed frast p
literature reviewso have general information and their possible effects toward manag-

ingthe project successfully.
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2.4 Overview ofQOil and Gas#’ipelines Constriction
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Sequence of Welding and Inspectlon Operatlons

Prior to Welding

During Welding

After Welding

+ Material Identification
— Chemical analysis
— Mechanical properties
+ Base Metal Conditions
— Freedom from internal and
surface discontinuitics
— Flatness, straightness,
dimensional accuracy
+ Joint Condition
— Edge Shape
— Dimensional accuracy
— Cleanliness
— Root opening
— Alignment
— Backing
— Tack welds
+ Special Assembly/Fabrication
Practice
— Adequacy and accuracy of
jigging, bracing, or
fixturing
— Application and accuracy
of pre-stressing or
precambering

* Preheat and interpass

temperatures
— Controls
— Measurement methods

« Filler Metal

— Identification
— Control
— Handling

* Root Pass

— Contour
— Soundness

* Root preparation prior to

welding second side

* Cleaning between passes
* Appearance of passes

(sometimes in comparison
with workmanship
standard)

* In-process NDE as

required or specified
Conformance to approved
welding procedure

* Postheat treatment requirements
* Acceptance inspection

Method of cleaning for
inspection

» Nondestructive examination

— Visual examination

— Surface contour and finish
of welds

— Conformity of welds with
drawings

— Magnetic particle

— Liguid penetrant examination

— Radiographic examination

— Ultrasonic examination

— Proof testing

— Other suitable methods

* Destructive testing

— Chemical
— Mechanical
— Metallographic

+ Marking for acceptance or

rejection

* Repairs
* Inspection after repair
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Based on this researchhield metal aravelding (SMAW)also known as stick welding

or manual metal arc weldingis considered due to its major use in the country oil and

gas pipéine construction, maintenance and repair operatioiifle SMAW isategorized

under arc welding whiclises a consunide stick or electrode filler metal rod coated

with chemicalg; to form an electricarcwhen placed irclose contact with a base metal

for the purpose ofachievingusion(Soy et al., 2011)

Welding commences whengeneratedelectricarcis struck by the contact between the

tip of an electrode and the workpieca base metato be welded. The armelts both

electrode and the metal surfaces to be welded to foarweld pool of molten metal,

with aid of the chemical coatingfux), slag andjas is formed to protect the weld pool

from the surrounding atmosphere. Hendbg final solidfied weld cleaned to remove

the slag coverings by chipping or wire brushing (Cr&85 CGenculu, 2012
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An electric current, either alternating\C) odirect current(DC) is used to generate the
welding power suppiin order tomaintain constant weldingusually sebetween 30 to
300 Amperes and voltage sugbetween 15 to 45 voltdepending on electrode type

(Cronje, 2005electrical exam, 2038 The workpiece is groundeds shown in Figure. 2

However, prior tothe commencement of welding activities, preheatingay be
necessaryo raise the temperature to a desired minimum level of the workpibased
on applicable welding procedure specificatio$ie applied minimum temgrature
specifications considehe grade andthickness of the base metal and weldment size
Preheating involvesising oxyfueltorches, resistance elements and induction ceds
heat up theweldingsurface area of the base metiaéfore commencing weldingThe
risk of crack is greatly redudenith apprgoriate preheating interpasstemperature
heatingand postheating(AWS, 2015)

Direction of welding

<
<

Electrode

S
Power supply Coating

Arc Weld pool

Protecting
gas oSG aYE R
Solidified weld
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The use oSMAW in the construction industry is based on the fact thaominates
other welding processedue toits reliability, low cost, versatilitysimplicityand portable

welding equipment which can be used both indoors ior situ.
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The ideal welding equipment used for SMAW consists of welding cables, electrode
holder, grinding tools, cleaning tools, PRfEound clamp an@n uninterruptedwelding
power supply generating seas depicted in Figure Bepending on the type of electrode

to use and desired properties of the welthe pdarity of the welding cables is
interchanged. For the DC operated welding machine, the direct current with a negatively
charged electrode (DCEN) heat up the electramlachieve increasing the melting rate

but causes decrease imveld depth.To achievehe best penetration and bead profile,

so svapping the polarity of the welding cable of the electrode toipesly charge (DCEP)
andthe negativechargeto base metalbecomes hotter)thus, ensuresan increase in

penetration of thewelding and welding speed (Sidhu and Chatha, 2012

The welding machine igenerally built to reducehe incoming voltage source and
increasethe amount of current for welding through thaep-down transformer(Sidhu
and Chatha, 2012)

WELDING
MACHINE

ELECTRODE
[ Houoer

ELECTRODE
f CABLE

ELECTRODE

SUPPLY
CABLE
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Electrode clazsification Minomum tensile sirength Mimmum yield strength

X = avanable MPa ka1 MPa k=1

ESI0 or E4320 425 &0 345 48

ET0XX or E4B XX 485 70 395 38
EBONX 350 80 460
B0 620 a0 530
E10033 &90 100 &0
E11033 760 110 635
E1200X 825 120 740
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PASS 1 PASS 2 PASS 3 PASS 4
Electrode AWS class, E7 016G ETOI60 E7O160 ETOI605
Electrode dia. I 4 4 32 32
Current & polanty AL AC AL AC
Ave. current A 138 144 104 109
Ave. voltage v 25 24 21 22
Ave. travel speed s a2 8.1 11.1 98
Inter pass temp. C 52 By 168 203
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As highlighted by Alam (2005), the tydieaeld imperfectons in Figure Adisplays posi-
tional occurrences of severafges of weld defects in a cressctional piece ofmetal.
While,in Table 5the possible causes and remedies of the$tedint types of weld de-

fects as presented.
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3 RESEARQWETHODLOGY

This chapter mighbe regarded as the corssencef this researchThis arises from the
fact that the research methamlogyadopted ensures clarity to the research topic. The
contents of the previous chapters, especially the literature review, farriiee basal

structure for the research methodology

The central point of interest for this research methodology lies ithe data analysis
where the gathered data is further spliiito two main sectiosin order to recommend
a possible resolution to th@roblems The first pari{Section } centerson the analysis
of the primary data through the returned survey questioneaiWhile the second part

(Section 2 focuses on the DMAIC béanSix Sigma

The importance of research methodologycarding to Remeyi et al. (1998)explaining
that research methodologgeels ways research problens confrontedand usually in-
volves the procedure selected towards theoriessearch techniquesdata gathering
and analysischeme. While, Umudigbru (2017), affirmed the significance of research
methodology adaptation by a researcher lagh dependence on theéype of research

problems and the solutions it seeks to obtain.

The integrity of the adopted methodology is crititalthe reliability and validity of the
study and its subsequent findings. Thus, #esence of this chapter will shed light on

the methods, techniquesnd tools selected towardschieving the research goals

3.1 Research Methodology Flowchart

Theflowchart depictsthe overall flow of the researctwhich encompasses the three
stages( starting from the initial research considerationttee final research resolutian

as depicted in Figurg.
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3.2 Reseach Strategy

For this research to thoroughly review and understand the subject mattegpgmopri-
ate design andstrategymust be adopted that utilizes the-depth research phenome-

non to tacklethe research problem.

Research strategy can be describedresutilization of appropriate tools to tackle pe-
culiar research problemBy the researcherymudelgbru (2017). Further stating that
selection of these strategies by the researcher is prort@éghilosophical atmosphere
surrounding the given researcHence, the quitative and quantitative approaches en-
sure effective utilizatioof the obtained data through the adopted survey and case stud-

ies research strategy agem appropriate irattaining the objective of the research.

3.3 Researclsamplirg
331 { GdeRRLIdZE | GA2Y

The targetstudy population for Lagos State consistiaffifty-one (51)oil and gas pipe-
line construction firms operatingnd registered with the Department of Petroleum Re-
sources, thegovernment regulatorypody responsible for the oil and gas industry®
2018 Occhiali, 2018Aigbhoduwa and Oisamoje, 20LBowever, the studeventually
selectedtwo (2) companieswith a valid resporseto this researchwhich is4% of the

target population.

332 { I YUXISS

To instil statistical confidenaa anyavailable data, an appropriate magnitudesample
sizeis ensured fodata analysis and interpretation (Zadeh et al., 2024)a result of the
two combined companies used for the research, the populasiaeof interest involving
the project team membes in administrating and controlling the pipeline constroaoti
operationsis sixty-four (64). This comprises theroject managers, project engineers,

site engineers, welders and fitterSothe expectedsanple sizeof respondentss fifty -



np

five (55) basedonthe sample sizéormula, witha90% Confidence Level ard-7% Mar-
gin of Error [(ohr, 1999.

3.4 ResearchMethods

Theresearchmethodsadopted both quantitative and qualitative research methodolo-
gies The adoptedelection depends on the researcher and tgeria involved for the
research design®s such targeting theata collection and analysf§imudelgbru, 2017).

According to Amaratunga et al. (2002), stating that using both methods, refesrasl

GYAESHR K2R NBA&SE NDOKE T | yoR withih theSdseattlycomniuNE y 3

nity that they effectively complement each other in any research work. While, Obi-
ajunwa (2010), further stating that the adaptation of both quantitative and quantitative
promotes better understanding and aid in drawing appreafeiconclusions fothe re-

search works.

The research methods employed for this research involves the mixture of interviews,

guestionnaire surveys and case studyi#if methodensuresadequate data collection.

341/ FasS {ddzRe

Utilizinga case studyapproachenables a researcher to haweeclear understanding of
Fyeé 2NBFYATFGA2yaQ yI (deNdr ihvesiightion sugh Asicon?z F
temporary phenomenon, for the purpose of data gathering from active participants
within such entities andunrestricted controls or boundariefHartley, 2004) While
Umudelgbru (2017) statesthe importance ofa case study to a researcher in the form
of noting the various diverse aspectsloé contemporary phenomenon and explore any

possible relationship ainy given process conducted witramatural context.
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Case study research entails single or multiple case studies. For the sake of thishrese
multiple case studies wergdopted, which considenmsore than one omultiple compa-
nies foranypossibilityof comparing and understanding aogntemporary phenomenon

involved among then(Eisenhardt and Graebner, 2007)

Hence, the first case, referred as Company A, situated in Lagos State, Nigeria, has
been heavily involved in the engineering and construction of oil and gas pipeline for the

past 16 years, and as such, encountered quality weld defects during its operations.

While the second company, fexred to as Company B, is also located in Lagos State,
Nigeria, is a fully integrated engineering, procurement and construction company,

mostly in the oil and gas industry in the past 12 years.
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Interviews can be regarded as an essential medrpialitative research to collect data
for the purpose of acquiring information, opinions;depth understandingexperiences
and perspectives of key actors involved in the day to day operations of an event

organization.

For thisresearch semtistructured and unstructured interviews were aoed and were
conducted over the phone with the pipeline project managing tearludes theroject
managers, project engineers, quality engineers, site engineers, mechanical engineers,
technicians, welders andtters. Several interactionsdiscussions anduestioning en-

sued which shedight on the selectionof the four influencing factors or groups associ-

ated with pipelineweldingquality ¢ environment,machine, materials and man.

3.43 v dzS a A 2§ geNIA IS

Thequestionnaire ensurethe passage abok Y F2 NI A2y 2F NBALRYRS)

and opinions tdhe research workAccording to Mohamedt al.(2019); Saunders et al.



(2009) explainngthe essencef aquestionnaireas a meanfr conducting explanatory
and descriptive research phenomena of caesect relationships othe involvedtrait
and impressiorby a researcherThe obtained data tends to be reliable based on the
direct sources knowledge and opinions readily availgbilihus,taking the data as the

primary data.

The formulation of the questionnaire came primaritpm the plethora of literature
sources and extensive conductederviews. Usinghis approach ensure wide coverage
of various possibilities of causes fap@ine weld quality The respondents of theurvey
questiomaires targethe O 2 Y LJI pfdjeSt@n@nagers, project engineergjality engi-
neers,site engineers, mechanical engineeleszhnicianswelders and fittersWith the
use of VOBEhe collected survey results ensuappropriatefeedback in terms afech-

nicaland indepth knowledge regardingipeline construction operations.

The questionnaires are administrated througiectronic mail anda web-based link
which directs respondentwith the provided link Prior phone calls were made before
sending the questionnaires to explain the essence and permission to respondents of the
two case companiesThe questionnaire composeaf openended and close@énded
questions. The opeended questions, being qualitative approach validate the data
collectionby ensuring the inputs of the respondents are of their own wanald opinions
rather thanan imposition of predetermined responsewtably with the closeeended

guestions been used asquantitative approaci{DenniFibeaesima and Rani, 20).1

The questionnaire is divided into three main parts. SECONN relate$o general in-
F2NXIFOGA2Y F2NJ 020K O2YLI yAS adthepBeline)grg- RSy (1 & @
ject managing personnel responding to questions relating to the dependentinflu-
encing factors or categori@ssociated with pipeline welding qualifyenvironment,ma-

chine, materials and ma\nd SECTION THRieEtes to thepipeline welders.
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In the closeeended questions,aspondents must select their opinisor level ofeffect

in each of thenumbered questionand statements of the questionnaiagppropriately.

Eachof the four dependent factors has pertineqtiestions andtatements followed by

a sixpoint Likert scale. The scale ranged fronm 0 = NBLINBaSyda ab2 2 LA\
aSyida a52Sa y20 FTFSOGET 0600 NBLINBaSyiaa a
NEBLINEaSyida a{iNRy3Ife INGBISAR: T FFSROUGEC 0= NI LIN

To ensure validitynd reliabilityof the questionnaire, thet b 2 2 LJA Y Aedtgils 2 LIG A 2
respondents are not boxed in answering questitmsy do not know rather than leang

blank unansweredquestions orinvalid feedback. Alspfurther effects aremade to re-

spondentson how to go about the questionnaire process through further information,
explanation of terminology and motivation to promptly complete the questionnaire

through further remnders by email and phone folloups (Dennfiberesima and Rani,

2011). Otherwise, according to Russell (198#5pondents giving invalid feedback occur

when participants are unskilled or misunderstood the importance of questionnaires

(Russell, 1994)

3.5 Data Collection

As a means tascertain the factand reliability forresearch work, the researcher must
ensure appropriate methods are effectively deployed to obtain correct data in the
course of its gatheringrhisaffirmation is based otumudelgbru (2017)stating in a
doctoral publication, that dat&ollection involves systematic methods and techniques
employed by a researcher to acquaad analyze&lata correctlyin astructured andreli-

able means which aims to achieve the research purpose and its validity.

Primary and secondadatasources formedh critical rolein the researchThis multiple
data approaclensuresoptimum usein terms of richness and depth of knowledge to any

research work (Inkoom and Biney, 2010).
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The obtained primary dateomprises:
Questionnairesubmitted to theproject team

1
1 In-depth interviewsamong project team
1 Observation of welding processes

)

Archival data through® (0 K O 2 Ywelt iffispeStdrixeporfor the year 2019

The obtained secondary datacomprisethe literature review.The obtainedacademic
sourcesformed the theoretical framework by providing pertinent information and

guides for theresearch especiallyn the peculiar area of interest
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For the purpose of data collection, out of a total of 64 questionnalrssibuted to both
companiesthe returned and properly filled questionnaires were 59 respondents, which
shows 92% ofasponse rate foanalysis. Thisumberexceeded thecalculaed sample
size of 55 respondent&Vhile each cas company questionnaire response rate shows

91%for company Aand company B shovw&3% as depicted in dble 6

The respondents were informed of the survey commencement throuagtousemails,
text messages and callshile the period ofcollection of questionnaire span 5 weeks.
All the returned qustionnaires came through the provided wlased link and my col-

lege email.
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3.6 DMAIC Moc!

The researchutilizes the DMAIC model of the LS8is ensursthe stepby-step proce-
dure of the LSS methodology is followed in orttewcritically examine the associated

problem of the weld qualitynd toarrive at an appropriate solign.

The essence for using LSS improvement mechanism is based on optimization of pro-
cesses in whicthe relationship between vital process inpus) andthe eventual pro-
cess outputy) are critically examined to achieve diexl objectives oreset the inputsf

requiredappropriatdy (Abdelhamid, 2003viunro et al., 2008

T W b oX b O
Whereinputs are denoted by function of X, and output by Y

Using the deterministic approach for measurementea&pgressed mathmatically in the
above formula (& 1)and the survey questionnaire as the measurement instrument for
data in ranking the responses, effectively ensure the possibility for quantifying the be-
haviaur of the 6X<€ and dY€ and the inherent relabnships between the inputs, pro-

cesses and outputs (Gygi et al., 2012).



Thisresearch scenarf@ @autcome represents the M this equation beingnoted as the

quality ofthe weld, which see&to achieve satisfaction through thhequirement ofVOC

and VOPAnNything short of attaining this satisfactory equilibrium, such as high weld de-

fects in any given pipeline project, tends to causssdiisfaction with VOC and VOP.

In furtherance of the above mentioned paragraptGygi et al. (2018)Desai ad

Shrivastava (20083tated that for organizations to desire performance improvement in

processesthe characteristics for output(s), referred asolf Quality of weld must be

thoroughly examined to identify these criticapus, referred asiXsx X =environment,

X = machine X = materials,Xs = man. Note, these inputs are regarded &sy process

input variables (KPIVJhus, understanding and addressing these inputs effectively facil-

itate resoltions and therefore, enhance the outpuas depicted ifrigure 6

(Output)

(Inputs)
X1
X '
X3 '
X4

t - O S—» Y (Quality of weld)
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Gyqgi et al. (2018eventually summarizethat appropriate utilization of the measured

data tends to position the researchaward greater efficiency withhe capabilities of

Six Sigma wigvis the DMAIC modeHence, the followinguh-divisions practically illus-

trate the application of DMAIC metlin a sequential phader the purpose of process

improvement andproblemsolving of weld defects encountered in the pipeline con-

struction operation
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This is the fisstage of the DMAIC moded, KA OK a4SS1a (2 RSGSNXYAYS (
andboundary, VOC requirements and the projects overall objectives (Jirasukprasert et

al. 2012).The evaluation of the current scenaffiar the organizations holisticaly con-

sideredto commencean extensive investigation, and utilize collected data for compari-

sons quantitatively and statistically.

The following LSS tools atethniques, commonly used in teeephases, ensurgeneral

understandngand clarity of the situation at hanidr use bysubsequenphases

3611 t N22SOG / KIF NI SNJ

The projectcharter, whichis a tool used in LSS, enssigegivenLINE 2SO0 Q& LINR o €
objective, scope, structure, boundary and teanvolved to be clearly displayedis a
form of project documentatiomprocedure (Jirasukprasert et al., 2033rinivasan et al.,
2014). It defined y & 3IABSY LINE 2 S Osirarture, Al@Gtsabedi i Table\7y F 2 N I

¢l otth82 2SO0 OKIFNISNI F2NJ 020K O2YLI yASao

Project charter Company #M: Pipeline Constructio
Operation
Problem Statement Weld defects in pipeline weldin

operation causes sclele delays

rework, cost and time overruns

Goal Statement To reduce the weld defect encountere
during welding operations by the
application of Lean Six i§ma

methodology

Project boundary Focusing on welding activities

Voice of the customer (VOC) Welding quality




po

Business case and expected benefits | Defects occurances cause rework, in

extra expenses and

Expected customer benefits Attain customer satisfaction and positiv

perception towards construction firms

Team members Project student, project supervisors al

employees of the concernezcbmpanies

3612 / NAGAOIf ¢2 vdzZrftAGe &6/ ¢voD

A criticalrequirement of customers or enrdsersexpectationgrom any productprocess
or service is satisfaction thais expressed through th&oice Of Customer (VQ@s
such, this requirerant can also be expressedirbugh the CTQ (Dumitrescu and
Dumitrache, 2011; Mamatha et al., 2014 herefore, thedevelopedCTQrelies on two

drivers: welders anthe project management team.

Tomeet customer satisfaction, criticarivers must ensure all project processes work
adequately in terms of qualified and competent personnel; use of approved and
standard equipment andnaterials; meeting project time delivery as agreed and high

quality ofcompleted project without flawsas depicted in Figure 7
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To understand the involved problems, a LSS process mapping tool, such as¢SIPOC
Suppliers, Inputs, Process, Outputs, and Custongeis usedto gain an in-depth
understanding of the welding procedures alongh the associated elementsvolved
(Anderson andKovach 2014).Table 8 shows the SIPOCINE 2 fifelin® jurney

starting from delivery tcsite to the eventual use by engsers While Tenera and Pinto



PP

(2014) explained its relevance in terms of having a better view of the involved project

adivities and stakeholdert easily identify areas of interests.

¢l oyifS t h/ LINPOS&aa F2NJ O2yadNHzZOGA2Yy 2® LIALISE A

Suppliers Inputs Process Outputs Customers
Pipe & fitting| Pipe Certified Weld  inspection| Facilities
suppliers Fittings materials reports, End users
Welding Welders Cut &fit pipes | Pressure tes|
electrodes, Pipe fitters Cut & fit] reports,

welding Project drawings | fittings, Pipeline  systen

materials Project Tack weld approval for use

Welding specifications Make weld

equipment, Weld procedure | Inspect weld

Water, Weld machine Repair weld

Air compressar | Pressure test Certied

Nitrogen Weld inspection pipeline

cylinders test & devices system

3.6.1.4 t NP OSSaaO0KCI NI

The process flowchart ensures, according to Jirasukprasert et al. (2014), a
comprehensive understanding in the form of graphical illustration of any given
proces§ 4 Q Tt 2 gto asSesdute\wa@ibus stages involved and tackle possible

problemaic areas.
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The sequence of the pipek welding process as shown in Fig8réepicts the dferent
stages involved such #éise delivery of the piplines tothe site, inspection for quality
products, preparation for welding activities, seg welding parameters, actual welding
and numbering the various welds, NDT conducting on the weldsartification of the
approved welded ones. However, disappabfor use of pipes or weldssgstematically
embedded along the process for aidht rejection or repair once incapable of not

meeting approed standards.
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The meaure phase entails apppriate data utilizationof the given problemthat is,
based on the equired knowledge of the process, suchths generalknowledg, data
collection, verification of the aquired data, and assessing the possible variability to the
process to effectuate positiveubcome (Yadav and Sukhwani, 2016he adoption of
appropriate and reliable metrics for use ttarify themeasurenent and monitoing of

the intended data will fornthe basis for analysigater on

Through the collected dat@ weld defects and swey questionnaire¢ significant
measurement performed with the help of LSS tools, coupled with substantial

brainstorming ensures addressing the critical to quality in the welding operation.

3621 5tah IYyR tNRBOSaa {A3Yl [ S@St

The Defect per Million Opportunities PIMO) and the Sigma Level helps in evaluating
the current performance or yield quality afgiven processservice or product. For such

a process to yield high valug quality (99.997 %), the calculated DPMO must be 3.4
million opportunities or output with a value of 6 for the sigma Leaussouf et al.,
2014 This simply measthe processhas zero defects or flaws to hinder the process

performance.

By employinghesetwo important metrics: céculation of the DPMO and signhavel,
this indicates the situation of welding qualitypipelinesbased onpast weld defects
recordsfrom both companiesTable 9 shows theprocess yield (%@s it relates to

obtaining thevalues of the DPMO and Sigma Level for any gipertess
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ProcessSigma DPMO Process Yield (%)
Level
1 691462 30.90
2 308538 69.10
3 66807 93.30
4 6210 99.38
5 233 99.977
6 3.4 99.997

From theweld inspection reportsinitialy obtained data, revealed théow quality of

weld through DPMO anthe ProcessSigma evel (PSL)f the multiple case studies
(Yadav and Sukhwani, 2016; ISIXSIGMA, 282@epited in Table 10The calculation
is based as followd&. 2 and 3)

5t aho 5 S T MGithalLg2 NI dayyAxbinaSoa O
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Where Ln is Natural logarithm
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Case Companies DPMO ProcessSigma level
Gompany A 160255 2.499627
Company B 155199 2.520951
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Procesgapability can be defined akd relationship betweerthe voice of the process
(VOP) andthe voice of customer (VOC). This simpheans the measurement of
compatibility of the process performance to that of meeting or satisfying the
expectation of customers (Gygi et al., 20Mhile, Dumitrescu and Dumitrache (2011)
defined process capabilitpsa means obtatistical measurementfa process targeting

specific characteristics, whialsually fallavithin customer expectation.

Based on the DMAIC model, the essence of computation of the process capability lies
with the amount of the relationship between the process and the perforogan
characteristicssubject b the intended requirements (Gygi et al., 2012).iSTknsures

the involved metricsn focusing on the essential area for improvemeht set contral

As suchthe control limits are within boundaries or specification limits, thus, signifying

that the process is considered to meet the expectations.

For the VOP, the desirable process threshaid within the lower control limit (LCL) and
upper control limit (UC). While the VOC, the desirable process thresholds lie within the
lower specification limit (LSL) and upper specification limit (USL). Values outside these
controls or specifications are considered as variatidie overall olgctive of LSS in a
procesdgsto reduce or eliminate variatioto attain a sigma level of 6 or process yield of

99.9997% of the outputs within the controls or specifications.

Finally, the two maimetricsF 2 NJ Iyl f @ T Ay3 GKS LINROS&aa OF LI ¢
toas processcdpdo Af A& | yR {iokaspracdsd geriormaidBet BumiNdSdR

and Dumitrache (2011)explained that the Cp value indicatéow the process is

performing within desired specification or outputgthout considering the targetand

the Cpk is how closthe mean value is to the target value. These two measurements

played important roles in analyzing the obtained data of the case compamiks next

chapter (Statistical Process Control)
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This phase critically analyzed the potential ®eaifor the weld defest with the aid of
brainstorming, significant progress made in ensuring the identification of these gauses
then analyzedand profer for solution for their eliminatiofJirasukprasert et al. 2014)

To achieve this phase, analysishe data through appropriate investigation to ascertain

and discern theeadings oroot causes of the weld defects.
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With the aid of the Breto chart,identification ofthe highest sets of weld defects fell on
slag inclusion anohconplete fusion as a result ofhe main causes of the weld defects

occurring in the pipeline welding operations of both companies

Figure 9 showsfor company Athe Pareto chart forthe weld defectsvhich occured in
an individual Project 7, while the other graph, FigL@eshowed the Breto chart for all

10 recorded combined projects.
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While in company B, in Figuréd,Irevealed the Breto chart for the weld defects which
occured in an individual Project 5, while the other graph, Fidieshowed the Breto

chart for all 6 recordedombined projects.
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The fishbor analysis can be referredtoas OF dzaS | yR SFFSOG RALF ANI
narrow down the focus in the form of segnterg the four various factorg equipment,

machine material and manThe caise and effect diagram (Figure)l®nsisting the four

main factorsd - awéth the subdividednfluencing factors, which simultaneously have

overall effectsg ,, éausing weld quality or defects.

These highlighted influencing factors were carefully investigated, after extensive
brainstorming, to arrive at these points, that is, if adequately padsconclusively to
remove any form of bottlenecks or undermining problems in the welding operations

then the overall quality of weld will improve.
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Inconsistent

senicing reguiar
e machine
Lack of safiety 3
procedurss ) festing

Clean [ fidy ——— =
surrounding
e Arzessible

Temperature —— = weld pit
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By utilizing 5 Whyand 1 Howa critical understanding of various questiarssiallybeen

askel regarding problemtic situations, such as what, why, where, who, where and how

certain probem persist in anypeculiar scenao, circumstances, products and seesc

to find solutions or resolutionditough the removal of such hinahcesFinding answers

to these questions does aid in understanding and famafig solution to problemsas

outlined in Table 11

Thefour influencing factors or categories involved in effecting the welding outcomes or

guality in the construction operations. &bes categories are Machine, Equipment, Man

and Environment.

I Iy dil
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Category 5W-1H Explanation
under review | Technique
Machine What Welding machine
Why Inconsistentvoltage/currentoutput
Who Pipeline managing team Machine repair
personnel
Where During use at site
How Insufficient maintenance
Equipment | What Welding equipment/accessories
Why Defective condition
Who Pipeline managing team
Where During use at site/storage
How Check condition before/after use
Man What Welding activities
Why Inadequatetraining
Who Welders
Where Open site withoushield cover
How Assess welding procedures
Environment | What Welding activities
Why Insufficient illumination and windy condition
Who Pipeline managing team/welders
Where Open site
How ChecHight sourceadequacyshield cover




3634 ! bh+!

Using Avalysis of Variance MOVA ensuresappropriate identification of the level of
significance betweerthe main effect and interacting factoras a result of multiple

responses among them (Srinivasarakt 2014).

The earlier calculated resultT@ble 18 and 19 using theweld defect rate (%) value
involving ten project®f both companiesyave the following resudtas shown below in
Table 12 As observed he first variance (company A,509467778is smaller than the
second variance (company B}1.59059556Furthermore,the F value@.12889561% is
lesser tharthe F critical 4.41387341% So theefore thenull hypothesis isakenaséfall
to reject, implying that the defect rate of both comparmes are notstatisticaly

significant.

¢l oM bh+t! NBadzZ G 2F GKS ¢6Sft® RSTSOG NIGS 27

ANOVA - Single Factor

Alpha 0.05

Groups Count Sum Mean Variance

Calumn 1 10 160,27 .027 5503467778

Column 2 10 15518 5518 14.59059556

Source of Yarigtior 55 dt M3 F P-ualue F critical

Between Groups 1.255405 1 1295405 0128895674 OY23TEETOR 4413673413
Within Groups 160.90057 B 00500367

Tatal 162.135315 3

3635 / 2NNBfFGA2yY YR [AYSIFN wSaANBaarzy ! yI &

The correlatiorbetweenthe weld defect rate of company A and company B, gives the
value,0.204312848This implies less relationship between company A and company B,
meaninga high level of independence between theimot related)in any statistical
relationship While the linear regessionanalysidurther supports this through the value

of RSquare 00.04174374



Whilethe correlation betweernhe weld defects and total weld joistin thevariousgiven
projects for company Ahows a value 00.9722 And also, the correlation betwedhe
weld defects and total weld joistin the variougjiven projects for compani showsa
value 0f0.8173 This implies atrong relationship between weld defects and total weld

joints for each of the company.

FromFigure 14the linear regression analysis for companypétween the weld defects
and total weld joints in thevariousgiven projects the R Squarandicate a value of
0.945236718 displaying the pralue and significance F valuasless than 0.05. This

impliesa reiabledataanalysis ané positivecorrelation.

Company A
160
y =7.695x - 10.472
140 18, 141
= 09153 {18, 141]
120
{i 15,112
4 100
® 12,76 1392
2 30 —
m
- £
L 12,67
5,32 J] 10, 49
40
\*_/1 5,30
20
#2137 (422
0 ..
0 2 a4 6 8 10 12 14 16 18 20

Weld defects
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Also, in Figure 15 the linear regression analysis for companybBtween the weld
defects andotal weld joints in thevariousgiven projectsthe R Square indicate a value
of 0.668034843displaying the fwalue and significance F values as less than 0.05. This

implies a reliablelataanalysis and a positive correlation.
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120
yw=06.1237x + 5.8588

n Company B
R® = 0,668
100 15, 103
20 @I -
% 3, 63 #1371
¥ 9, 63
%0 :L@
- :
40 8 43
5,28 e o7
20
o
0 2 4 6 g 10 12 14 15

Weld defects
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Hypothesis ésting can beexplained as a predictive statemeint a scientific research
study to testthe possibleor expectedoutcomethrough comparing the differences or
relationships between variables or grouglsa sample or populatio(DenntFiberesima
and Rani, 2014¢unduz, 2004)Furthernore, a researcher usuallyroposesthis as-

sumptionwith an intent to estalishtruth or collection of truths in an investigatiohly-

potheses can be established to becapted or rejected, even if @ventually disproved,
some new idea about a phenomenon may be established tordiscientific investiga-

tion (DenniFiberesima andRani, 2014).

Two hypotheses are developedhe null hypothesisklo) and the alternate hypothesis
(Ha). Using two groups from a sampler example, their means are used to compare if
they are significantly different or notThetest statistic (ttest) available in Microsoft
Excel is employed test the hypothesiso determine the significant relationship for any
given assumptionThat isthe null hypothesis is established as being regelah favour

of analternate hypothesis or otherwise.
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In addtion, the p-value is further used to compatbe significance level the null hy-
pothesis is established as rejected in favour of the alternate hypothesis.-Valke@ can

be taken as 5%, usually common in research works.

Based on the empirical evidenpeesented in this research, the returned survey ques-
tionnaire from both companie§pipeline project management personneWhichindi-

cate irregular retraining ofpipelinewelders as being ranked highest by the RII.

The wo hypothe®s createdfor this research are as follows:
1 Ho= There imo significant relationship betweeinregular andnadequate train-

ing of pipeline welders and high level of welefects.

1 Ha= There is significant relationship betweikeregular andnadequate training

of pipelinewelders and high level of weld daits.
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Case Companies DPMO ProcessSigma level
Gompany A 10936 3.792722
Company B 10071 3.823575
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Company A - Process Sigma Level

SEma tevstnew _

Sigma Lewvel (old)

[ o5 1 15 2 25 3 3.5 4

Sigma Lewel [old) Sigma Lewvel [new)
Seriesl 2.49 3.79

CA Jdd8B & LFHfIR & YR ySg LINRPOSaa aAadyl fS@St F2N



Company B - Process Sigma Level

Sigma Lewel (old) 2.52
0 0.5 1 15 2 25 3 3.5 4 4.5
Sigma Level [old) Sigma Level (new)
Seriesl 252 3.82
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H £ Made?
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4 ANALYSIS ANRESULTS

In this chapter, all the previous findings witldergo extensive analysis gravitate to-
wards or arrive at substaivie condusion for this researchAlsqg the obtained survey
guestionnaire data stands as a means to support the findings recorded préveus

chapters.

Both closeeended and operended questionnairgvere adopted in this researdb give
candidinformation and unique insights from thésra LJ2 Y RS y (i & QAnalySimgE LIS Ol A ¢
the data obtained from the survewhichseresas a means of suppoitr the research,

alongwith previous obtained data

4.1 Data Analysis

Both descriptive and inferential statistics played vital roles in ensajpgopriate anal-

ysis of the gathered data.

411 wStAFOAfAGE FYR zFfARAGE ¢Sad

As suggested by Antony et al. (2019), stating the importance of goodness of measure,
as it relates to ensuring measurement of quality for any data analysis. Also, this empha-
sizes rahbility in the act of ensuring steadiness, uniformity, accuracy and compatibility

of data. Thus, utilizing the internal consistency analysis method as one of the ways of

achieving measurement of quality.

To ensure reliability and validity, the most wigtaused reliability indicator for internal
O2yaraitsSyoe Aa GKS / Neryol OKQa ! fLKI GSadz 7

the questionnaire survey.
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Using Excel (Anova: Tvfactor Without Replication), NB y 6 | OK Q datetitheLJK I Ol €
 LILWNRPEAYIFGS @I fdzS F2N 6KS &dNBSe jdzSaidrz2yyl
as0.82 and for company B a@50. These values can be said to be fairly acceptable

greater than(> 0.6) as a threshold value (Antony et al., )1 This caibe seen in Table
15 and 16

¢l oOMEENR Yy @l OK LIKH2 NGIG2dyS.Jr y& | &

COMPANY A

AMNOWVA
Source of Variation 55 of MS F P-value F crit
Rows 86.9784 10 869784 547466 3. 5E-07 187828
Columns 32632 20 16316 102698 043214 162331
Error 317.749 200 158874
Total 437.359 230

081734

¢l oOMAENR y@l OK LIKH2 NGIG2dy9.J y& . o

COMPANY B

ANOVA
Source of Variation 55 df M35 F P-value F erit
Rows 29.311 10 29311 199485 003625 188362
Columns 16.9665 18 0.94258 0.64144 0.B6326 1.66143
Error 264.507 180 1.46848
Total 310.7B5 208

0. 49866

While the Content Validity testing is considered for this research, as is not subjected to
numerical evaluation but rather subjectively assessed by the researcher. Antony et al.
(2007), averred that content validity testing rests on a researcher to devekgsure-

ment components that covers entire aspects of the variable being measured.

In this research, the adopted instrument evolved from extensive literature review and
brainstorming with experts in Lean Six Sigma and worldwide recognized Quality Man-

agenent systems, such as EFQM, TQM and ISO 9000 models. Furthermore, the adopted



survey questionnaire had inputs from published prominent literature of leading Six

Sigma professionals and academicians recognized globally (Antony et al., 2007).

Usingbothcond- YA SaQ NBalLl2yaSa FNRY (GKS LIALIStAYS |

tained in the form of Likert scale, thus the twway ANOVA gives:

¢l oMuBs apl @ ! bhx! NBadzZ G 2F (KS O®NBalLRyRSyiGa 2

T-Test: Two-Sample Assuming Unequal YWariances

Cormpany A Company 5

Mean 5. 523809524 4. 52631579
YWariance 0. 261904762 1. 37426901
Obh=servations 21 1%
Hypothesized Mean DNifference o
df 1B
T Stat S.052260462
P(T==t) one-tail O 03429272
T Critical one-tail 1. 7342063607
P[T<==t) twwo-tail 0. DeE5854949
T Critical two-tail 2 10 2 e

From Table 17 the tStat (3.052260462 is larger than the -Critical twotail
(2.10092204. So | would reject the Hull Hypothesis and acceptiternate hypothesis
This means that there ia significant relationship between irregular or inadequate

training of pipeline welder and high level of weld defects.

Also, assuming thine alpha 0.05), so the pvalue 0.006858544 is smaller than alpha
(0.05. So I reject the null hypothesis and gatcthe alternate hypothesisThis means
that a statistical relationship exsbetween irregular or inadequate training of pipeline

welder anda high level of weld defects.
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The report revealed the evaluation tife quality of weld for welded joints through the

NDT conducted by the weld insgtor to declare partial or full rejection or everal ac-

ceptance followinghe stipulated standards (Anderson and Kovach, 2014; API, 2013;
AWS, 2015; DPR, 1992). The obtained report showed the number of defects encoun-

tered during various pipelineonstruction operations dboth case companies.

Access to thaveld insgection reports revealed théow quality of weld through DPMO

and Process Sigma Lef@l each of the companiess depited in Table 18 and 19
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TheStatisti@l Process Control (SPC) is éyed in the research to ensure effective use

of statistical techniques for measuring and conlirgythe qualityof a product or process

is achievedGygi et al., 2012 he primary tool of SPC is the control chart. Therobn

chart is essentiéf used to track the performance of a process input or outpuer time.

Therate of pipeline weld defect ihe given data for this research which are classified

as attribute data. Thus, the p chafproportion nonconforming)s the basis of the

graphical analysis for interpretation.

A
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Besides the capability analysis, earlier mentioned the previous chapter, is also

considered alongith the control chart foproper understanding of the case companies

4141 [ 2y IRBIOYR /| LWIyo X BRBABLI ye !

The control chart, Figure 1&dicates the rate of weld defects in the ten projects of
company ABased orthis, it is observed thaprocess seems within the specifications,
but the sigma Z score 505322 signify that thesignificant areas of the taends of

the distribution tendto extend beyond the range or specification limit. This signifies that
the processseems to have high defect rate, so it imcapable of meeting thexpected

requirements

Laney P’ Chart of Weld defects (Company A)

Sigma £ = 0.505322

030
025

UCL=0.2200
0.20 1

P e T, / Sonas14

010
LCL=0.0738

0.05

000

Sample

Proportion
=]

Tests are performed with unequal sample sizes.
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While the process capability chaRigure 19indicate the rate of weld defects in the ten
projects of company A. Based tins, it is observed that the process is outside the range

or specification which supporsthe factthat the rate of defect is noticedp high

The Cpor Ppvalue(0.54)and the Cplor Ppk 0.48) are less than lwhich means the

process is not capable afeeting the requirements. So the rate of weld defect is high
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for this pipeline construction welding expectations or requirement$is can be

enhan@d by reducing the vations which tend to causahigh rate of weld defects.

Al, the PPM value i408544.30 and thisindicates that 108544.30 out of 1 million

opportunities or outcome do not meet the specifications.

Process Capability Report for Weld Defects (Company A)

Calculations Based on Weibull Distribution Model

LSL Target usL
T T T
Process Data ! ! ! Overall Capability

LsL S ! ! ! Pp 0.54

Target 10 ! ! ! PPL 0.48

usL 20 ! ! ! PPU 0.61

Sample Mean 9.6 ! ! ! Ppk 0.48

Sample N 10 ! ! '

Shape 1.98995 ! i I Exp. Overall Performance

Scale 10.8338 ! ! ! PPM < LSL T4736.12
PPM = USL 33808.17

!
Obsarved Performance i ; i PPM Total  108544.30
PPM < LSL  100000.00 : ' :
PPM = USL 0.00 i i ;
PPM Total  100000.00 : : i
/ | :
! !
! |
| !

I
0 5 10 15 20

A
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Thecontrol chart,Figure 20 indicates the rate of weld defects in the ten pjects of
company B. Based dhis, it is observed that process seems within the specifications,
but the sigma Z score 06t846906signify that the significant areas of theltands of the
distribution tendto extend beyond the range or specification limit. This signifies that the
process seemt have ahigh defect rate, so it is incapable of meeting the expected
requirements. With this result, it seems this processlighfly better compared to

company A@.505323, but both still havea high rate of weld defects.



Laney P’ Chart of Weld defects (Company B)
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For the process capability chaRigure21, indicate the rate of weld defects the ten
projects of company B. Based thris, it is observed that the process is outside the range

or specification, which suppathe fact thatthe rate of defect is noticedi high.

The Cp or Pp valu€.63) and the Cpk or Ppl.31) are less than lwhich means the
process is not capable of meeting the requirements. So the rate of weld defect is high
for this pipeline construction welding expectations or requirements. This can be

enhanced by reducing the vations which tend to causelagh rate of veld defects.

Also, the PPM valuas (190925.99, this indicates that 190925.98out of 1 million

opportunities or outcome do not meet the specifications.



Process Capability Report for Weld defects (Company B)

LSL Target UsSL
T T T
'

Process Data 1 Overall
LSL 6 | — — = Within
Target o |

i
usL 16 H Overall Capability
sample Mean 8.9 /\ ! Pp 0.53
Sample N 10 1 PPL 0.31
StDev(Overall) 214289 H PPU 0.75
StDev(Within) 3.15209 | Ppk 0.31
1 Cpm  0.34
i Potential (Within) Capability
1 <p 0.52
| CPL 0.31
cPU 0.75
Cpk 0.31

2 <4 6 8 10 12 14 16

Performance

Observed Expected Overall Expected Within
PPM = LSL 100000.00 178077.44 178779.85
PPM = USL 0.00 11939.67 12146.14
PPM Total 100000.00 190017.11 190925.98
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Both descriptive and inferential statistics also played vital roles in ensuring appropriate
analysis of the returned questionnaires with the aid of SPSS and Excel. Furthermore, the

relative importance index (RII).

The Relative impoance index enables the ranking of relative importance of various
causes for weld defects within the four influencing categories or groups associated with
pipeline welding quality to be determined. Also, the questionnaire adopts the Likert
scale type, rangig from 1¢ 6. According to Sweis et al. (2018), adoptability of the rela-
tive importance index (RII) for each factor ensure factor ranking, which is expressed by
the given equatior{Eq. 4)

wilho20 k! Fbd 6w
WhereRIl is relative importance index. W is weight assigned to each question factor by
the respondent (range-&), A is highest scale score (which is 6) semple sizéespond-

ents total).
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With the useof Microsoft Excel, and based on the calculation of RIl ranking uselgefor t
survey questionnaire on the twmain target area of interest: project management team
and thewelding team respectively (Table 20id 21). The data obtained from the re-
spondertsin project management, Table 26howed the top 3 highest ranking of critical
causes for weld defects, ranging with highés®R0635 and the lowest{.79365) for
company A. These causes are distributed within the 4 main categories: Man; Machine;

Materials and Environment.

¢l oHfdBK ® G2LJ N} yl1Ay3a 2F LINR2SOG YIFyF3aSYSyid N

ID Category Causes for weld defects RII Rank
2.1.7 | Man Irregular retraining of welders 0.920635 | 1
2.1.11 | Man Lack of weldecompetence & skills | 0.849206 | 2

2.3.2 | Materials Materials not match drawing specif 0.793651 | 3

cation

ClLoHfBK® (2L NI ylAy3a 2F St RSNEKFAOLGGSNE NBa&L]

ID Category | Causes for weld defects RII Rank
3.1.3 | Man Irregular retraining 0.863636 | 1
3.1.10| Man Non provision of incentives/motivation | 0.818182 | 2
3.1.4 | Man Irregular eye test cheelp 0.787879| 3

While Table22 and 23 comprising company &d usingfor instance, he wdding team
respondents, Table 28vealed the top 3 highest ranking of critical causes for weld de-
fects ranging with highesD(807018 and lowest of {.789474. These causes are dis-

tributed within the 4 main categories: Man; Machine; Materials and Environment.
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¢l OHIAEK ® (2L NI y{1{Ay3a 2F LINRB2SOG YIylF3aSySyid N

ID Cate- Causes of weld defects Rl Rank
gory
2.1.1 | Man Ineffective communication practices 0.807018| 1
2.1.11| Man Lack of welder competence & skills 0.789474, 2
2.3.3 | Materi- | Improper use of materials 0.789474, 2
als

¢l oHfdBK ® G2LJ N} y1Ay3a 2F 6St RSNEKFAGGSNRE NB &L

ID Category Causes of weld defects RII Rank
3.1.7| Man Possess inadequate welder/fitter certific| 0.875000 | 1
tion

3.2.1| Machine Unavailability of spares & equipment 0.812500 | 2

3.3.4| Materials Provision of wrong material 0.812500 | 2

4.2 Demographic Analysis @urveyRespondens

To investigate the characteristics of the survey respondents, descriptive statistics was
adopted in this research as a means to analyse the demographic variebhig®f the
case studiewave substantial relevant disciplines and work experience directly involved

in the oil & gas pipeline construction.

421 wSAaLR ytREyTIME S 2F / 2YLI ye !

The survey revealed that 82%mpelinewelders in company Af 11 respondentdyave
beenworking betveen 5to 15 years as certified welders, aatso,55% possesses Di-
ploma qualifications from polytechnic educational institutions and the remaining 45%

have certificates from vocational and technical colleg&ile only onethird of the
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weldershave Highe Diploma qualifications in Welding and Fabrication Technology/En-
gineering in the few available polytechnic institims offering the course. Advanced
course in this field is not available in the country but outgjaeostly in Europe, America

or Asia/Middle East, which is expensive for many to afford.

However, conceited effects fdhe localized skilled and competent workforae this
field are being made through the Nigerian Local Content Development Act initiative
since 2010 (Ayonmike and Okeke, 2015).

While the pipeline project management teawhcompany Acomprising 21 respondents,
have mostly 52% work experience between 5 to 15 yeas 33% between 16 to 25
years of work experiencélsq 57% possessesabBhelor degresand 29% have Diploma
qualifications in pipeline constructicrelated careers, such as mechanical engineering,
pipeline engineeringOnly 19% have furthecertified training andyjualificationsin pipe-

line constructionand inspection; CWland AW<Sertifications Thesepieces of training
atthe intermediates leveinclude Dye Penetrant Inspection, Radiographic Film Interpre-
tation, Ultrasonic Testing Inspectip Visual Inspection. Two members of the project

management team possessa I 4 4 SND& RSINBS P
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Company Bhaving 8espondentsthesurvey datasshowedthat 63% d pipeline welders
have beenworking between 5 to 15 year25% between 16 to 25 years working experi-
ence as certified welders. While @0possesses Diploma qualifications from polytechnic
educational ingtutions and the remainindnave certificates from vocational and tech-
nical colleges. While only oruarterof the welders have Higher Diploma qualifications

in Welding and Fabrication Technology/Engineering

From thel9 respondents athe pipeline project managememeam of company B37%
havework experience between 1 to Ylears 26% have worked between 5 to 18ays

andalso, 266 between 16 to 25 yeao§ work experience. Furthermore, 83possesses



y c

Bachelor eégrees and 3% have Diploma qualiitions in pipeline constructicrelated
careers, such as mechanical engineeringelime engineering. Qly 21% have further
certified training and qualifications in pipeline construction and inspectj@wI and
AWS certificationsThesepieces of trainingt the intermediates leveinclude Dye Pen-
etrant Inspection, Radiographic Film Interpretation, Ultrasongtiifig Inspection, Visual

Inspection. One member of the project management team possessds & 1 SNA RS 3INDB

423 2SSt R 5S¥SOG wlky3daS 2F hOOdzNY yOS

Data obtained from the respondents (welders) in the survey questionnaire revealed per-
tinent information regardinghe percentage of occurrence of weld defect and the com-

mon types of weld diects associated witthe case companies.

Each of the companigsdicates thesameweld defect rangd0 ¢ 20) %of mostly occur-
ring cases during variouselding activitiesfor the past 2 yearas shownin Figure 22
and 23

Weld Defect %% Range Occurrence
(Company A)
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Weld Defect 26 Range Occurrence
(Company B)
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Welding parameters requirement play vital importange fulfilling welding quality.
These parameters includealength, welding angle, welding current, welding speed and
welding voltage. All these parameters must be set araihtained by the welders before,
during and afer the welding procest meet the stipulatedand required standardior

welding pipelines.

Based on the obtained survey reswiigure 24both case companies adhered to ensur-

ing 100% utilization of these welding parameters
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Welding Parameters

Welding Voltage

Welding Speed \
Welding Current o5
Welding Angle o
Arc Length \
0% 20%

80%

100%
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Also, the earlier mentioned welding parameters are all important routines applicable to
the Shield Metal Arc Welding (SMAW), hence, the survey further investigated the differ-

ent types of welding processes commonly used byddee companies.

As revealedn Table 2, the SMAW is mostly used by welders based on the ranking in

both companies.

¢l oMMl Y1 AY3I 2F Y2aife dEBRK sGIORWIYYEA N2 0S54 8

S/N | Types of welding Ranking
1 SMAW 1
2 Gas Welding 2
3 TIG Welding 3
4 MIG Welding 4
5 Plasma Arc Welding 5

As revealed ifrigure 25showingthe most commonly used welding processn com-
pany AThis clearly showed that SMAW is mostly used by the welders during the pipeline

welding operations.



Company A

TIG welding — 33%
smaW Welding Isg%
Flasma Arc Welding -4%
MIG Welding —29%
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While Figure 26 revealed the most commonly used welding processes in company B.
This clearly showed that SMAW is mostly used by the welders duringabkne weld-

ing operations.

Company B

nc weiding D - >
sSmAaw Welding I F4%
Plasma Arc Welding '2%
MIG Welding _2?%
Gasweiging [N - -
() 105 2055 30%% 403 5025 505 TO%s BO%s
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During each project, the recorded types of weld defects agagrwere highlighted by
the weld inspection personnel by conducting the necessary NDT on the various pipes

sizes and fittings, and thus, made the mandatory weld inspection reports for necessary
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repars and corrections. Also, notthat once repairs made, ather NDT must be
conducted on the repaired weld to ascertain a final approval and certified for eventual

use by the Oil and Gas regulatory body.

TheOlF aS O2YLI yASaQ NBGSIHt SR GKS @F NA2dza (@ LJS
pipeline constructiorphase in past projects. As shown in Tatiedisplayghe previous
10 projects for cmpany A, and the various types of weld defects recorded, scheduled

for repairs during thepipeline welding operations
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The survey revealed the various types of weld defects which commonly occurs after
every welding operation completed and the necessary NDT is carried out to test the
weld integrity by acertified weld inspector. Once theuts or types of weld defects are
reported, the appropriate repair is conducted and the weld integrity is retested after-

wards.

It was observedor company A, in Figure 2that the most common weld defecin
terms ofranking (Table 27 showed Slag Inclusion, Incomplete Fusion and Spatter as the

top three.

¢l oufad y1Ay3 2F Yzald 02YY2y St R RSTFSOG 200d:
S/N | Types of weld defects Ranking
1 Slag Inclusion 1
2 IncompleteFusion 2
3 Spatter 3




4 Porosity 4
5 Incomplete Penetration 5
6 Undercut 6
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Also,for company B, as shown kigure 28 the most common weld defect occurring,
and in terms of ranking (Table R&howed Incomplete Fusion, Slag Inclusion and Spatter

as the top three.

ClLoufgl y{1Ay3a 2F Y2ad 02YY2y 6SftR RSTFSOU 200d:
S/N | Types of welddefects Ranking
1 Incomplete Fusion 1
2 Slag Inclusion 2
3 Spatter 3
4 Porosity 4
5 Incomplete Penetration 5
6 Undercut 6
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4.3 Recommendation for ProcesBnprovement

Based on the conducted research to resolve the problems encountered in the pipeline

Company B
73%
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l 4%
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Fusion Penetratiom Inclusion
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welding activities which having been identified as root causes ledditige obtained

weld defectslt is imperative to thoroughly understantieé causes of thee weld defects

and recommend dations for their removal.

With the aid of LSS, the identified main types of weld defects noticbdtincompanies

include: Incomplete fusion, slag inclusion and spaffable 29revealed the cases and

recommendedemedies fotheseweld defecs.
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Finally, the given recommendation must be followed thoroughly to eliminate the iden-
tified weld defectsThus, ahering to thecorrective measure during welding operation

as specified by complying to international welding standards.

Also, further considetion for the following factoramust be established ithese com-
panies to improvepipeline construction oeration performances for the overall objec-
tive of processcost and time delivery efficiency:
1 Adequate and periodic training for the welders/filleracaproject managing
team.
T 2SSt RSNAQ LINPFAOASYyOe 6dmsuecomflianceRdeg-dzl G St &
ognizedinternational weldingstandards, specifications and procedures.
1 Satisfactory and adequate incentives and enumerations should be appropriately

administered to the welders/fitters.
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