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ABSTRACT : 
The aim of this thesis is to investigate factors that cause project late delivery (delays)as a result 
of welding defects usually experienced during the oil and gas pipeline construction phase and 
proffer solutions for elimination through the Lean Six Sigma (LSS) model. Delays in projects do 
lead to cost and time overruns, construction repair, dissatisfied customers and a bad reputation 
for such organization. This model is able to manage these projects effectively by ensuring opti-
mum welding quality through the various LSS tools and techniques, which form bases for iden-
tifying the root causes for welding defects usually experienced during the pipeline welding ac-
tivities and present means for analysis for possible solutions for their elimination; these normally 
occur in the oil and gas pipeline construction phases in Nigeria. 
 
This research revealed for instance, through the weld inspection report for one of the selected 
company, an average rate of 149120 weld defects per million opportunities (DPMO) at a sigma 
level of 2.55 of past pipeline projects undertaken. Thus, poses great concerns and desires an 
improvement mechanism for the reduction in weld defects. This falls under the capability of the 
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 with the relevant players in the oil and gas pipeline 
industry. Based on the issues stated above, the application of define, measure, analyze, improve 
and control (DMAIC) methodology phases of LSS was used as the empirical case study. This 
phase extensively utilized 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 principle of determinism, ex-
pressed mathematically as Y=f(X), which gives insights into the factors or functions affecting 
pipeline welding quality through an environment, machine, materials and man. This formula 
guides this research in the analysis phase, in formulating a possible solution to ensure quality in 
the welding process and reduce defects through various statistical tests and charts, such as 
ANOVA, Cause and Effect, Fishbone, Pareto chart.  Finally, improve and control phases, with the 
aid of FMEA and SPC chart, ensure continuous improvement and monitoring as a result of the 
evaluated solution, which ensures a reduction in weld defects and late delivery in the construc-
tion phase of the oil and gas pipeline operations. 
 

KEYWORDS: Lean Six Sigma, continuous improvement, pipeline construction projects, im-
prove weld quality 
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±h9  ±ƻƛŎŜ ƻŦ ǘƘŜ 9ƳǇƭƻȅŜŜ 

±ht  ±ƻƛŎŜ ƻŦ ǘƘŜ tǊƻŎŜǎǎ 

²t{  ²ŜƭŘƛƴƎ tǊƻŎŜŘǳǊŜ {ǇŜŎƛŦƛŎŀǘƛƻƴ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



мп 

1 INTRODUCTION 

¢ƘŜ ǎƛƎƴƛŦƛŎŀƴŎŜ ƻŦ ǘƘŜ ƻƛƭ ŀƴŘ Ǝŀǎ ƛƴŘǳǎǘǊȅ ŦƻǊ ŀ ŎƻǳƴǘǊȅ Ǉƭŀȅǎ ƎǊŜŀǘ ƛƳǇƻǊǘŀƴŎŜ ƛƴ ǘŜǊƳǎ 

ƻŦ ŜŎƻƴƻƳƛŎ ǎǳǇŜǊƛƻǊƛǘȅΣ ŜƳǇƻǿŜǊƳŜƴǘ ŀƴŘ ǇƻƭƛǘƛŎŀƭ ƛƴŦƭǳŜƴŎŜ ƎƭƻōŀƭƭȅΣ ŀǎ ǎǳŎƘ ƴƻǘ ƭŜŀǾπ

ƛƴƎ ƻǳǘ ŀƴ ƻƛƭ ŀƴŘ Ǝŀǎ ƴŀǘƛƻƴ ƭƛƪŜ bƛƎŜǊƛŀ ό!ƎƛΣ нлмсύΦ  

 

!ŎŎƻǊŘƛƴƎ ǘƻ tŀǊŀǎǘ ŀƴŘ !ŘŀƳǎ όнлмнύΣ ōƻǘƘ ŎƛǘŜŘ ǘƘŜ ƛƴŦƭǳŜƴŎŜ ƻŦ ŀƴȅ ǎǳŎŎŜǎǎŦǳƭ ƻǇŜǊŀπ

ǘƛƻƴŀƭ ǇŜǊŦƻǊƳŀƴŎŜ ƛƳǇǊƻǾŜƳŜƴǘ ƳŜǘƘƻŘƻƭƻƎȅ ƻŦ ǘƘŜ ƻƛƭ ŀƴŘ Ǝŀǎ ƛƴŘǳǎǘǊȅ ǿƘƛŎƘ ŘƻŜǎ 

ǇƻǎƛǘƛǾŜƭȅ ƛƳǇŀŎǘ ǘƘŜ ŜŎƻƴƻƳȅ ƻŦ ǎǳŎƘ ƴŀǘƛƻƴΣ ǿƘƛŎƘ ŀƭǎƻΣ ŜǾŜƴǘǳŀƭƭȅ ǘǊŀƴǎƭŀǘŜǎ ǊŜƎƛƻƴπ

ŀƭƭȅ ŀƴŘ ƎƭƻōŀƭƭȅΦ IƻǿŜǾŜǊΣ ŎƻƳǇƭŜȄƛǘƛŜǎ ŀƴŘ ǳƴŎŜǊǘŀƛƴǘƛŜǎ ŀǊŜ ŀōƻǳƴŘƛƴƎ ŦƻǊ ƻǊƎŀƴƛȊŀπ

ǘƛƻƴǎΣ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ƎƭƻōŀƭƛȊŀǘƛƻƴ ŀƴŘ ŀƴ ƛƴŎǊŜŀǎŜŘ ŘŜǎƛǊŜ ŦƻǊ ǎŀǘƛǎŦȅƛƴƎ ŎǳǎǘƻƳŜǊǎ ƛƴ ǘƘƛǎ 

ŜǾŜǊπŎƘŀƴƎƛƴƎ ōǳǎƛƴŜǎǎ ŜƴǾƛǊƻƴƳŜƴǘ ό¢ƛƳƛƭǎƛƴŀΣ нлмтΥ мύΦ CǳǊǘƘŜǊƳƻǊŜΣ tŜƪƪƻƭŀ Ŝǘ ŀƭΦ 

όнлмсύΤ ¢ƛƳƛƭǎƛƴŀ όнлмтύ ŀŎƪƴƻǿƭŜŘƎŜŘ ǘƘŀǘ ƻǊƎŀƴƛȊŀǘƛƻƴǎ Ƴǳǎǘ ŜȄǇƭƻǊŜ ŀƴŘ ŀŘƻǇǘ ŀƭƭ 

ǇƻǎǎƛōƭŜ ǇŜǊŦƻǊƳŀƴŎŜ ǎǘǊŀǘŜƎƛŜǎ ǘƻ ǎǳǊǾƛǾŜΣ ŎƻƳǇŜǘŜ ŀƴŘ ƎǊƻǿ ŦǊƻƳ ǘƘƛǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 

ǘǳǊōǳƭŜƴŎŜ ōŜƛƴƎ ŜȄǇŜǊƛŜƴŎŜŘ ŎǳǊǊŜƴǘƭȅ ƛƴ ǘƘƛǎ ōǳǎƛƴŜǎǎ ǿƻǊƭŘΦ 

 

Lƴ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ǎŜŎǘƻǊΣ Ƴŀƴȅ ŎƻƴǎǘǊǳŎǘƛƻƴ ǇǊƻƧŜŎǘǎ ŀǊŜ ǳƴŘŜǊǘŀƪŜƴ ōȅ ƻǊƎŀƴƛȊŀǘƛƻƴǎ 

ƻŦǘŜƴ ŜȄǇŜǊƛŜƴŎŜǎ ƭŀǘŜ ŘŜƭƛǾŜǊȅ ƻǊ ŘŜƭŀȅǎ ƛƴ ƻƴŜ ƻǊ ǎŜǾŜǊŀƭ ǿŀȅǎ ōŜŦƻǊŜ ǘƘŜƛǊ ŎƻƳǇƭŜǘƛƻƴΣ 

ŎƻƴǘǊŀǊȅ ǘƻ ǘƘŜ ŀƎǊŜŜŘ ƻǊ ǎǘƛǇǳƭŀǘŜŘ ŎƻƴǘǊŀŎǘ ǇŜǊƛƻŘ ό!ƛōƛƴǳ ŀƴŘ WŀƎōƻǊƻΣ нллнΤ aŀǊȊƻǳƪ 

ŀƴŘ 9ƭπwŀǎŀǎΣ нлмпύΦ ¢Ƙƛǎ ŎƻƳƳƻƴƭȅ ƻŎŎǳǊǎ Ǝƭƻōŀƭƭȅ ŀƴŘ ŀǎ ǎǳŎƘΣ ƭƻǘǎ ƻŦ ǊŜǎŜŀǊŎƘ Ƙŀǎ 

ǘŀƪŜƴ ǇƭŀŎŜ ǘƻ ǳƴŜŀǊǘƘ ǘƘƛǎ ǇƘŜƴƻƳŜƴƻƴ ό9ƛȊŀƪǎƘƛǊƛ Ŝǘ ŀƭΦ нлммΤ {ǿŜƛǎ Ŝǘ ŀƭΦ нлмуύΦ ²ƘƛƭŜΣ 

ŎƻƴǎǘǊǳŎǘƛƻƴ ŘŜƭŀȅǎ Ŏŀƴ ōŜ ŘŜŦƛƴŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ aŀǊȊƻǳƪ ŀƴŘ 9ƭπwŀǎŀǎ όнлмпύΣ ŀǎ ǘƛƳŜ 

ƻǾŜǊǊǳƴǎ ǘƘŀǘ ŜȄŎŜŜŘ ǘƘŜ ŎƻƴǘǊŀŎǘ ŎƻƳǇƭŜǘƛƻƴ ŘŀǘŜ ƻǊ ŀ ǇƭŀƴƴŜŘ ŘŀǘŜ ŀƎǊŜŜŘ ōȅ ŀƭƭ ǊŜƭŜπ

Ǿŀƴǘ ǇŀǊǘƛŜǎ ƛƴǾƻƭǾŜŘ ŦƻǊ ǘƘŜ ŘŜƭƛǾŜǊȅ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΦ ¢ƘŜǎŜ ŘŜƭŀȅǎ ǊŜǎǳƭǘ ƛƴ Ŏƻǎǘ ŀƴŘ ǘƛƳŜ 

ƻǾŜǊǊǳƴǎΣ ǿƘƛŎƘ Ŏŀƴ ŜǾŜƴǘǳŀƭƭȅ ƳŀƪŜ ǘƘŜ ǇƭŀƴƴŜŘ ǇǊƻƧŜŎǘ ǇǊƻŦƛǘ ǘǳǊƴ ǘƻ ǇǊƻƧŜŎǘ ƭƻǎǎ ŦƻǊ 

ǘƘŜ ŎƻƴǘǊŀŎǘƻǊΣ ŎƭƛŜƴǘ ƻǊ ƛƴǾŜǎǘƻǊ ό!ƛōƛƴǳ ŀƴŘ WŀƎōƻǊƻΣ нллнΤ 9ƛȊŀƪǎƘƛǊƛ Ŝǘ ŀƭΦ нлммΤ DƭǳǎȊŀƪ 

ŀƴŘ [ŜǎƴƛŀƪΣ нлмрΤ ¢ƘŜ /ƻǳƴŎƛƭ ŦƻǊ {ƛȄ {ƛƎƳŀ /ŜǊǘƛŦƛŎŀǘƛƻƴΣ нлмуōΥ споύΦ  

 

!ŎŎƻǊŘƛƴƎ ǘƻ !ƛōƛƴǳ ŀƴŘ WŀƎōƻǊƻ όнллнύ ŎƛǘƛƴƎ ǘƘŜ ŎŀǎŜ ƻŦ bƛƎŜǊƛŀΣ ōŜƛƴƎ ŀ ŘŜǾŜƭƻǇƛƴƎ 

ƴŀǘƛƻƴΣ ŜȄǇŜǊƛŜƴŎŜǎ ŀƴ άŜƴŘŜƳƛŎέ ǇǊƻǇƻǊǘƛƻƴ ƛƴ ŎƻƴǎǘǊǳŎǘƛƻƴ ŘŜƭŀȅǎΦ hŘŜȅƛƴƪŀ ŀƴŘ ¸ǳǎƛŦ 

όмффтύ ŘŜǎŎǊƛōŜŘ ǘƘŜ ǎƛǘǳŀǘƛƻƴ ŀǎ ƘŀǾƛƴƎ ŀ тл҈ ǘƛƳŜ ƻǾŜǊǊǳƴǎ ŦƻǊ ƎŜƴŜǊŀƭ ŎƻƴǎǘǊǳŎǘƛƻƴ 



мр 

ŘŜƭŀȅǎΦ ²ƘƛƭŜ IŀǘƳƻƪƻ ŀƴŘ YƘŀǎŀƴƛ όнлмфύ ƳŜƴǘƛƻƴŜŘ ǘƘŀǘ от҈ ƻŦ ǘƛƳŜ ƻǾŜǊǊǳƴ ŀƴŘ 

ƘŀǾƛƴƎ ŀ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ ƻŦ пм҈ ƻŎŎǳǊǊŜƴŎŜ ƛƴ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜǎ ƻŦ ǇǊƻƧŜŎǘǎ ƛƴ ǘƘŜ 

bƛƎŜǊƛŀƴ ƻƛƭ ŀƴŘ Ǝŀǎ ƛƴŘǳǎǘǊȅΦ 

 

!ǎ ǎǳƎƎŜǎǘŜŘ ōȅ CŜǊŘƻǳǎƛ ŀƴŘ !ƘƳŜŘ όнллфύΤ 5ǳƳƛǘǊŜǎŎǳ ŀƴŘ 5ǳƳƛǘǊŀŎƘŜ όнлммύΤ 

¦ƳǳŘŜπLƎōǊǳ όнлмтύΣ ǘƘŀǘ ŦƻǊ ōǳǎƛƴŜǎǎ ƻǊƎŀƴƛȊŀǘƛƻƴǎ ǘƻ ŎƻƳǇŜǘŜ ŦŀǾƻǳǊŀōƭȅ ƛƴ ǘƘƛǎ ŎǳǊπ

ǊŜƴǘ Ǝƭƻōŀƭ ƳŀǊƪŜǘΣ ǎƛƳǳƭǘŀƴŜƻǳǎ ŜŦŦŜŎǘǎ Ƴǳǎǘ ōŜ ƳŀŘŜ Ŏƻƴǘƛƴǳƻǳǎƭȅ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜƛǊ 

ǉǳŀƭƛǘȅΣ ƻǊƎŀƴƛȊŀǘƛƻƴŀƭ ŀƴŘ ǇǊƻŘǳŎǘƛǾƛǘȅ ǇǊƻŎŜǎǎŜǎΦ ¢ƘƛǎΣ ƻŦ ŎƻǳǊǎŜΣ Ŧŀƭƭǎ ǳƴŘŜǊ ǘƘŜ ŎŀǇŀπ

ōƛƭƛǘȅ ƻŦ [Ŝŀƴ {ƛȄ {ƛƎƳŀ ό[{{ύΦ 

 

¢ƘŜǊŜŦƻǊŜΣ !ƴǘƻƴȅ όнллпύ ŜƳǇƘŀǎƛȊŜǎ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ [{{ ŀǎ ōŜƛƴƎ ŀ ǇƻǿŜǊŦǳƭ ōǳǎƛπ

ƴŜǎǎ ǎǘǊŀǘŜƎȅ ǘƘŀǘ ŜƴǎǳǊŜǎ ŎŀǳǎŜǎ ƻŦ ŜǊǊƻǊǎ ƻǊ ŘŜŦŜŎǘǎ ŀǊŜ ƛŘŜƴǘƛŦƛŜŘ ŀƴŘ ŜƭƛƳƛƴŀǘŜŘ ƛƴ ŀ 

ƎƛǾŜƴ ǇǊƻŎŜǎǎΣ ǇǊƻŘǳŎǘ ƻǊ ǎŜǊǾƛŎŜ ǘƘǊƻǳƎƘ ǘƘŜ ŘƛǎŎƛǇƭƛƴŜŘ ǇǊƻŎŜŘǳǊŜ ǿƛǘƘ ǘƘŜ ŀƛŘ ƻŦ ǎǘŀπ

ǘƛǎǘƛŎŀƭ ŀƴŘ ƴƻƴπǎǘŀǘƛǎǘƛŎŀƭ ǘƻƻƭǎ ŀƴŘ ǘŜŎƘƴƛǉǳŜǎ ƛƴ ŀ ƳŜǘƛŎǳƭƻǳǎ ƳŀƴƴŜǊΦ CǳǊǘƘŜǊƳƻǊŜΣ 

ŜȄǇƭŀƛƴƛƴƎ ǘƘŀǘ [{{ Ŏŀƴ ŀƭǎƻ ōŜ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ŀ ƳŜŀǎǳǊŜ ƻŦ ǉǳŀƭƛǘȅ ǘƘŀǘ ŀƛƳǎ ǘƻǿŀǊŘǎ ȊŜǊƻ 

ŜǊǊƻǊǎ ǳǎƛƴƎ ŀǇǇǊƻǇǊƛŀǘŜ ǎǘŀǘƛǎǘƛŎŀƭ ǘƻƻƭ ŀƴŘ ǘŜŎƘƴƛǉǳŜΣ ǘƘǊƻǳƎƘ ǎŜǾŜǊŀƭ ŎƘŀǊǘǎ ŀƴŘ ƎǊŀǇƘǎ 

ŦƻǊ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ŦǊƻƳ ǘƘŜ ŎƻƭƭŜŎǘŜŘ ŘŀǘŀΦ !ƴŘ ǘƘŜǎŜ ŜǊǊƻǊǎ ƻǊ ŘŜŦŜŎǘǎ ŀǊŜ ƴƻǘŜŘ ŀǎ ǘƘƛƴƎǎ 

ǿƘƛŎƘ ŎŀǳǎŜ ǎŜǘōŀŎƪ ǘƻǿŀǊŘǎ ŀǘǘŀƛƴƛƴƎ ŎǳǎǘƻƳŜǊ ǎŀǘƛǎŦŀŎǘƛƻƴΦ 

 

²ƘƛƭŜ 5Ŝǎŀƛ ŀƴŘ {ƘǊƛǾŀǎǘŀǾŀ όнллуύΤ 5ǳƳƛǘǊŜǎŎǳ ŀƴŘ 5ǳƳƛǘǊŀŎƘŜ όнлммύΣ ŜǉǳŀǘŜǎ [{{ ŀǎ 

ŀ ōǳǎƛƴŜǎǎ ǇŜǊŦƻǊƳŀƴŎŜ ƛƳǇǊƻǾŜƳŜƴǘ ǎǘǊŀǘŜƎȅ ƻǊ ǎǘŀǘƛǎǘƛŎŀƭ ǉǳŀƭƛǘȅ ƻōƧŜŎǘƛǾŜ ǿƘƛŎƘ 

ǎŜŜƪǎ ǘƻ ǊŜŘǳŎŜ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŜǊǊƻǊǎ ǘƻ ƭŜǎǎ ǘƘŀƴ оΦп 5ŜŦŜŎǘǎ ǇŜǊ aƛƭƭƛƻƴ hǇǇƻǊǘǳƴƛǘƛŜǎ 

ό5tahύ ƛƴ ŀ ƎƛǾŜƴ ǇǊƻŎŜǎǎΣ ǇǊƻŘǳŎǘ ƻǊ ǎŜǊǾƛŎŜΣ ǿƘƛŎƘ ƛǎ ŀƭǎƻ ŜǉǳƛǾŀƭŜƴǘ ǘƻ Ҍκπ с ǎǘŀƴŘŀǊŘ 

ŘŜǾƛŀǘƛƻƴǎ ŦǊƻƳ ǘƘŜ ƳŜŀƴΦ 

 

5ǳŜ ǘƻ ǎŜǾŜǊŀƭ ǿŜƭŘ ŘŜŦŜŎǘǎ ǳǎǳŀƭƭȅ ŜȄǇŜǊƛŜƴŎŜŘ ŘǳǊƛƴƎ ǘƘŜ ǇƛǇŜƭƛƴŜ ǿŜƭŘƛƴƎ ƻǇŜǊŀǘƛƻƴǎΣ 

ǘƻ ǊŜǇŀƛǊ ŘƻŜǎ ŎƻƴǎǳƳŜ ƳƻǊŜ ƳŀǘŜǊƛŀƭǎΣ ŜƴŜǊƎȅΣ Ŏƻǎǘǎ ŀƴŘ ǘƛƳŜ ό5ŜƴƴƛǎΣ нллнύΦ ²ƘƛƭŜ 

{ƭŀŎƪ Ŝǘ ŀƭΦ όнлмлύ ŦǳǊǘƘŜǊ ŀǎǎŜǊǘŜŘ ǘƘŀǘ ǉǳŀƭƛǘȅ ŘŜŦŜŎǘǎ ŜƴǎǳǊŜ ŀƴ ǳǇǎǳǊƎŜ ƛƴ ǿƻǊƪΣ ƛƴπ

ǎǇŜŎǘƛƻƴκǘŜǎǘΣ ǎǳǊŜǘȅΣ ǎŎǊŀǇ ŎƻǎǘǎΣ ƛƴǾŜƴǘƻǊȅ ŀƴŘ ǇǊƻŎŜǎǎƛƴƎ ǘƛƳŜΦ  



мс 

¦ǘƛƭƛȊƛƴƎ ǘƘŜ ±ƻƛŎŜ ƻŦ ǘƘŜ tǊƻŎŜǎǎ ό±htύ ǘƘǊƻǳƎƘ ǘƘŜ ƻōǘŀƛƴŜŘ Řŀǘŀ ŦǊƻƳ ƻƴŜ ƻŦ ǘƘŜ ǎŜπ

ƭŜŎǘŜŘ ƻƛƭ ŀƴŘ Ǝŀǎ ǇƛǇŜƭƛƴŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ŎƻƳǇŀƴȅ ǎƛǘǳŀǘŜŘ ƛƴ [ŀƎƻǎ {ǘŀǘŜΣ bƛƎŜǊƛŀΣ ǊŜπ

ǾŜŀƭŜŘ ƛƴ ǘƘŜƛǊ ǿŜƭŘ ƛƴǎǇŜŎǘƛƻƴ ǊŜǇƻǊǘǎ ƻŦ ǎŜǾŜǊŀƭ ǿŜƭŘ ŘŜŦŜŎǘǎ ŦƻǊ ǎƻƳŜ ǇǊƻƧŜŎǘǎ ǳƴŘŜǊπ

ǘŀƪŜƴ ƛƴ ǘƘŜ Ǉŀǎǘ ǘǿŜƭǾŜ όмнύ ƳƻƴǘƘǎΣ ŀƴ ŀǾŜǊŀƎŜ ǊŀǘŜ ƻŦ мслнрр ǿŜƭŘ ŘŜŦŜŎǘǎ ǇŜǊ Ƴƛƭƭƛƻƴ 

ƻǇǇƻǊǘǳƴƛǘƛŜǎ ό5tahύ ŀƴŘ нΦпф ǎƛƎƳŀ ƭŜǾŜƭ όL{L·{LDa!Σ нлнлύΦ ¢ƘǳǎΣ ǘǊŀƴǎƭŀǘŜŘ ƛƴǘƻ 

ǉǳŀƭƛǘȅ ŀƴŘ ǎƛƎƳŀ ƭŜǾŜƭǎ ŀǎ άvǳŀƭƛǘȅ ƭŜǾŜƭΥ мслнрр 5tahέ ŀƴŘ άǎƛƎƳŀ ƭŜǾŜƭΥ нΦпф ǎƛƎƳŀέ 

όwǳƳŀƴŀ ŀƴŘ 5ŜǎŀƛΣ нлмпΤ ¸ŀŘŀǾ ŀƴŘ {ǳƪƘǿŀƴƛΣ нлмсύΦ IƻǿŜǾŜǊΣ ǘƘŜ ŎƻƳǇŀƴȅ ŎƘƻǎŜ ǘƻ 

ǊŜƳŀƛƴ ŀƴƻƴȅƳǎ ŀƴŘ ǘƘŜǊŜŦƻǊŜΣ ƛǘΩǎ ǊŜŦŜǊǊŜŘ ŀǎ ŎƻƳǇŀƴȅ !Φ 

 

²ƘƛƭŜ ǘƘŜ ƻǘƘŜǊ ǎŜƭŜŎǘŜŘ ŎƻƳǇŀƴȅ ǿƘƛŎƘ ǿƛƭƭ ōŜ ǊŜŦŜǊǊŜŘ ŀǎ ŎƻƳǇŀƴȅ .Σ ǎƘƻǿŜŘ ƛƴ ǘƘŜƛǊ 

ǿŜƭŘ ƛƴǎǇŜŎǘƛƻƴ ǊŜǇƻǊǘǎ ƻŦ ǎŜǾŜǊŀƭ ǿŜƭŘ ŘŜŦŜŎǘǎ ŦƻǊ ǎƻƳŜ ǇǊƻƧŜŎǘǎ ǳƴŘŜǊǘŀƪŜƴ ƛƴ ǘƘŜ Ǉŀǎǘ 

ŦƛŦǘŜŜƴ όмрύ ƳƻƴǘƘǎΣ ŀƴ ŀǾŜǊŀƎŜ ǊŀǘŜ ƻŦ мррмфф ǿŜƭŘ ŘŜŦŜŎǘǎ ǇŜǊ Ƴƛƭƭƛƻƴ ƻǇǇƻǊǘǳƴƛǘƛŜǎ 

ό5tahύ ŀƴŘ нΦрн ǎƛƎƳŀ ƭŜǾŜƭ όL{L·{LDa!Σ нлнлύΦ ¢ƘǳǎΣ ǘǊŀƴǎƭŀǘŜŘ ƛƴǘƻ ǉǳŀƭƛǘȅ ŀƴŘ ǎƛƎƳŀ 

ƭŜǾŜƭǎ ŀǎ άvǳŀƭƛǘȅ ƭŜǾŜƭΥ мррмфф 5tahέ ŀƴŘ άǎƛƎƳŀ ƭŜǾŜƭΥ нΦрн ǎƛƎƳŀέ όwǳƳŀƴŀ ŀƴŘ 5ŜǎŀƛΣ 

нлмпΤ ¸ŀŘŀǾ ŀƴŘ {ǳƪƘǿŀƴƛΣ нлмсύΦ 

 

¢ƘŜ ŀōƻǾŜ ǊŜǾŜƭŀǘƛƻƴ ƻŦ ǘƘŜ ǘǿƻ ŎƻƳǇŀƴƛŜǎ ǎƘƻǿ ǎƛƳƛƭŀǊƛǘƛŜǎ ƛƴ ǘŜǊƳǎ ƻŦ ōƻǘƘ ƘŀǾƛƴƎ ƭƻǿ 

ǎƛƎƳŀ ƭŜǾŜƭ ŀƴŘ ƘƛƎƘ 5tahΦ ¢ƘǳǎΣ ōƻǘƘ ǎŜŜƪ ƛƳǇǊƻǾŜƳŜƴǘ ƳŜǘƘƻŘƻƭƻƎȅ ǘƻ ǊŜŘǳŎŜ ǘƘŜƛǊ 

ŀǾŜǊŀƎŜ ǊŀǘŜ ƻŦ ǿŜƭŘ ŘŜŦŜŎǘ ƛƴ ǘƘŜƛǊ ǿŜƭŘƛƴƎ ŀŎǘƛǾƛǘƛŜǎ ŘǳǊƛƴƎ ǘƘŜ ǇƛǇŜƭƛƴŜ ŎƻƴǎǘǊǳŎǘƛƻƴ 

ǇƘŀǎŜΦ 

 

Lƴ ǘƘŜ ŎƻǳǊǎŜ ƻŦ ǘƘƛǎ ǊŜǎŜŀǊŎƘΣ ǘƘŜ ŘŜǇƭƻȅƳŜƴǘ ƻŦ [{{ ǇǊƻōƭŜƳπǎƻƭǾƛƴƎ ƳŜǘƘƻŘƻƭƻƎȅΥ ŘŜπ

ŦƛƴŜ ƳŜŀǎǳǊŜΣ ŀƴŀƭȅȊŜΣ ƛƳǇǊƻǾŜ ŀƴŘ ŎƻƴǘǊƻƭ ό5a!L/ύΣ ǿƘƛŎƘ ƛǎ ŀ ǎȅǎǘŜƳŀǘƛŎ ŦƛǾŜπǎǘŜǇ 

ǇƘŀǎŜ ŀŘƻǇǘŜŘ ǘƻ ƛŘŜƴǘƛŦȅ ŀƴŘ ǎƻƭǾŜ ǇǊƻōƭŜƳǎ όwǳƳŀƴŀ ŀƴŘ 5ŜǎŀƛΣ нлмпύΦ {ǘŀǊǘƛƴƎ ǿƛǘƘ 

ǘƘŜ ŘŜŦƛƴŜ ǇƘŀǎŜΣ ǘƘŜ ǇǊƻƧŜŎǘ ŎƘŀǊǘŜǊ ƛǎ ŘŜŦƛƴŜŘ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǘƘŜ ǿŜƭŘ ƛƴǎǇŜŎǘƛƻƴ ǊŜǇƻǊǘΦ 

CǳǊǘƘŜǊ Řŀǘŀ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ǎǳōƳƛǘǘŜŘ ǉǳŜǎǘƛƻƴƴŀƛǊŜǎ ŀƴŘ ǘƘŜ ŎƻƴŘǳŎǘŜŘ ƛƴǘŜǊǾƛŜǿǎ 

ŦƻǊƳ ŀ ōŀǎƛǎ ƛƴ ǘƘŜ ƳŜŀǎǳǊŜ ǇƘŀǎŜ ŦƻǊ ŜȄŀƳƛƴƛƴƎ ǘƘŜ ǇǊƛƴŎƛǇƭŜ ƻŦ ŘŜǘŜǊƳƛƴƛǎƳΣ ƳŀǘƘŜπ

ƳŀǘƛŎŀƭƭȅ ŜȄǇǊŜǎǎŜŘ ŀǎ ¸ҐŦόȄύ όDȅƎƛΣ Ŝǘ ŀƭΦΣ нлмнύΦ ¢ƘǳǎΣ ŜȄǘŜƴǎƛǾŜ ƛƴǎƛƎƘǘǎ ƛƴǘƻ ŦŀŎǘƻǊǎ ƻǊ 

ŦǳƴŎǘƛƻƴǎ ŀŦŦŜŎǘƛƴƎ ǇƛǇŜƭƛƴŜ ǿŜƭŘƛƴƎ ǉǳŀƭƛǘȅ ǘƘǊƻǳƎƘ ǘƘŜ ǿŜƭŘƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘΣ ƳŀŎƘƛƴŜΣ 



мт 

ƳŀǘŜǊƛŀƭǎ ŀƴŘ Ƴŀƴ ŀǇǇǊƻǇǊƛŀǘŜƭȅ ŎƻƴǎƛŘŜǊŜŘΦ  CǳǊǘƘŜǊƳƻǊŜΣ ǘƘƛǎ ǇƘŀǎŜ ǘƘǊƻǳƎƘ ǘƘŜ ŦƻǊπ

Ƴǳƭŀ ƎǳƛŘŜǎ ǘƘŜ ǊŜǎŜŀǊŎƘ ƛƴǘƻ ǘƘŜ ƴŜȄǘ ǇƘŀǎŜΣ ŀƴŀƭȅȊŜ ǇƘŀǎŜΣ ƛƴ ŦƻǊƳǳƭŀǘƛƴƎ ǇƻǎǎƛōƭŜ 

ǎƻƭǳǘƛƻƴǎ ƛƴ ŜƴǎǳǊƛƴƎ ƻǇǘƛƳǳƳ ǿŜƭŘ ǉǳŀƭƛǘȅ ƛƴ ǘƘŜ ǿŜƭŘƛƴƎ ǇǊƻŎŜǎǎ ŀƴŘ ǘƘŜǊŜōȅ ŜŦŦŜŎǘƛƴƎ 

ŀ ǊŜŘǳŎǘƛƻƴ ƛƴ ǿŜƭŘƛƴƎ ŘŜŦŜŎǘǎ ǘƘǊƻǳƎƘ ǾŀǊƛƻǳǎ ǎǘŀǘƛǎǘƛŎŀƭ ǘŜǎǘǎ ŀƴŘ ŎƘŀǊǘǎΣ ǎǳŎƘ ŀǎ !bh±!Σ 

/ŀǳǎŜ ŀƴŘ 9ŦŦŜŎǘΣ CƛǎƘōƻƴŜΣ Ca9!Σ tŀǊŜǘƻ ŎƘŀǊǘΦ [ŀǎǘƭȅΣ ƛƳǇǊƻǾŜ ŀƴŘ ŎƻƴǘǊƻƭ ǇƘŀǎŜǎΣ ǿƛǘƘ 

ǘƘŜ ŀƛŘ ƻŦ Ca9!Σ {t/ ŎƘŀǊǘ ŀƴŘ 5h9Σ ŜƴǎǳǊŜ Ŏƻƴǘƛƴǳƻǳǎ ƛƳǇǊƻǾŜƳŜƴǘ ŀƴŘ ƳƻƴƛǘƻǊƛƴƎ 

ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ŜǾŀƭǳŀǘŜŘ ǎƻƭǳǘƛƻƴΦ {ǘŀǘƛǎǘƛŎŀƭ ǎƻŦǘǿŀǊŜ ŀǇǇƭƛŎŀǘƛƻƴ ǎǳŎƘ ŀǎ 9ȄŎŜƭ ŀƴŘ 

aƛƴƛǘŀō ǿƛƭƭ ōŜ ŘŜǇƭƻȅŜŘ ŦƻǊ ǳǎŜ ƛƴ ǘƘƛǎ ǊŜǎŜŀǊŎƘΦ  

 

Lƴ ŎƻƴŎƭǳǎƛƻƴΣ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ŀƴŘ ŀŘƻǇǘƛƻƴ ƻŦ [{{ ƛƴ ǘƘŜ ƻƛƭ ŀƴŘ ǇƛǇŜƭƛƴŜ ŎƻƴǎǘǊǳŎπ

ǘƛƻƴ ƻǇŜǊŀǘƛƻƴǎ ǎŜŜƪ ǘƻ ŜƴǎǳǊŜ ƻǇǘƛƳǳƳ ǿŜƭŘƛƴƎ ǉǳŀƭƛǘȅ ƛƴ ƳŀƴŀƎƛƴƎ ǘƘŜǎŜ ǇǊƻƧŜŎǘǎ ŜŦπ

ŦŜŎǘƛǾŜƭȅ ŀƴŘ ǘƘǳǎ ƭŜŀŘǎ ǘƻ ǎŎƘŜŘǳƭŜŘ ǇǊƻƧŜŎǘ ŘŜƭƛǾŜǊȅ ό¸ŀŘŀǾ ŀƴŘ {ǳƪƘǿŀƴƛΣ нлмсύΦ 

 

1.1 Background of Study 

¢ƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ŜȄǇŜŎǘŜŘ ŦǊƻƳ ƳŀƴŀƎƛƴƎ ŎƻƴǎǘǊǳŎǘƛƻƴ ǇǊƻƧŜŎǘǎ Ŏŀƴ ōŜ ǎŀƛŘ ǘƻ ōŜ ƻŦ 

ƘƛƎƘ ƻǇǘƛƳƛǎƳΣ ōǳǘ ǊŀǘƘŜǊ ǘƘŜ ŎŀǎŜ ƛǎ ŎƻƴǘǊŀǊȅ ǿƘƛŎƘ ŜǾŜƴ ŘǊŀǿǎ ǘƘŜ Ǝƭƻōŀƭ ŀǘǘŜƴǘƛƻƴ ǘƻ 

ǘƘƛǎ ǇƘŜƴƻƳŜƴƻƴ ŎŀƭƭŜŘ άǇǊƻƧŜŎǘ ŘŜƭŀȅ ƻǊ ƭŀǘŜ ŘŜƭƛǾŜǊȅέ ƴƻǊƳŀƭƭȅ ŜȄǇŜǊƛŜƴŎŜŘ ƛƴ ǇǊƻƧŜŎǘǎ 

ŜȄŜŎǳǘƛƻƴΦ 

 

!ǎ ƻǇƛƴŜŘ ōȅ !Ǝƛ όнлмтύΣ ǘƘŜ ƻƛƭ ŀƴŘ Ǝŀǎ ƛƴŘǳǎǘǊȅ ǿƘƛŎƘ ƛǎ ƴƻǘŜŘ ŦƻǊ ƛǘǎ ǳƴƛǉǳŜƴŜǎǎ ƛƴ 

ǘŜǊƳǎ ƻŦ ƛǘǎ ƘƛƎƘ ŎŀǇƛǘŀƭ ƛƴǘŜƴǎƛǾŜ ƴŀǘǳǊŜ ƎƭƻōŀƭƭȅΣ ƛǎ ƴƻǘ ƭŜŦǘ ƻǳǘ ƻŦ ǘƘƛǎ ƛƴƘŜǊŜƴǘ ǇǊƻōƭŜƳΣ 

ŀǎ ǎǳŎƘ ƳŜƴǘƛƻƴƛƴƎ ǘƘƛǎ ǇŜŎǳƭƛŀǊƛǘȅ ŦƻǊ bƛƎŜǊƛŀ ŀǎ ǿŜƭƭΦ !ƭǎƻΣ ǎǘŀǘƛƴƎ ǘƘŀǘ ƭŀŎƪ ƻŦ ǎǳŦŦƛŎƛŜƴǘ 

ŀƴŘ ŜŎƻƴƻƳƛŎŀƭ ƻǇŜǊŀǘƛƻƴŀƭ ŀŎǘƛǾƛǘƛŜǎ ƛƴ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ƻƛƭ ŀƴŘ Ǝŀǎ ǎŜŎǘƻǊ ǇƻǊǘŜƴŘ ǘƘƛǎ 

ƴŜƎŀǘƛǾŜ ǎƛǘǳŀǘƛƻƴΦ  

 

5ŜǎǇƛǘŜ ǘƘŜ ǳǎŜ ƻŦ ǘǊŀŘƛǘƛƻƴŀƭ ǉǳŀƭƛǘȅ ƳŀƴŀƎŜƳŜƴǘ ǘƻƻƭǎ ōȅ Ƴŀƴȅ ƻǊƎŀƴƛȊŀǘƛƻƴǎΣ ƛǘǎ ŜŦπ

ŦŜŎǘƛǾŜƴŜǎǎ Ŏŀƴ ōŜ ŘŜōŀǘŀōƭŜΣ ŜǎǇŜŎƛŀƭƭȅ ŀǎ ƛǘ ǊŜƭŀǘŜǎ ǘƻ ǘƘŜ ǇǊŜǾŀƛƭƛƴƎ ōǳǎƛƴŜǎǎ ŘŜƳŀƴŘǎ 

ŜȄǇŜǊƛŜƴŎŜŘ ƴƻǿŀŘŀȅǎ ό.ƛǎƎŀŀǊŘΣ нллуΤ ¦ƳǳŘŜπLƎōǊǳ ŀƴŘ tǊƛŎŜΣ нлмрύΦ ¢ƻ ŀŘŘǊŜǎǎ ŀƭƭ 

ǘƘŜǎŜΣ ǘƘŜ ŀŘƻǇǘƛƻƴ ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ [{{ Ǝƭƻōŀƭƭȅ ŀǎ ŀ ǊŜƭƛŀōƭŜ ŀƴŘ Ŏƻƴǘƛƴǳƻǳǎ ƛƳπ

ǇǊƻǾŜƳŜƴǘ ƛƴƛǘƛŀǘƛǾŜ ōȅ ƻǊƎŀƴƛȊŀǘƛƻƴǎ ǎǳŎŎŜǎǎŦǳƭƭȅ ƭŜŀŘ ǘƻ ǘƘƛǎ ǊŜǎŜŀǊŎƘΦ ¢Ƙƛǎ ŀǎǎŜǊǘƛƻƴ 



му 

ǿŀǎ ŀŦŦƛǊƳŜŘ ōȅ ¸ŀŘŀǾ ŀƴŘ {ǳƪƘǿŀƴƛ όнлмсύΣ ƛƴ ǘƘŜƛǊ ǊŜǎŜŀǊŎƘΣ ŀǎ ƛǘ ƛǎ ǘƘŜ Ƴƻǎǘ ǇƻǿŜǊŦǳƭ 

ǉǳŀƭƛǘȅ ŀƴŘ ǇǊƻŎŜǎǎ ƛƳǇǊƻǾŜƳŜƴǘ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ǘƻƻƭ ǘƻ ōŜ ǳǎŜŘ ǘƻ ŀŎƘƛŜǾŜ ŜƳƛƴŜƴŎŜ 

ƛƴ ǇǊƻŘǳŎǘǎΣ ǎŜǊǾƛŎŜǎ ŀƴŘ ǇǊƻŎŜǎǎŜǎΦ 

 

DƛǾŜƴ ǘƘŜ ǾŀǊƛŜŘ ƴŀǘǳǊŜ ƻŦ ǇǊƻƧŜŎǘǎ ǳƴŘŜǊǘŀƪŜƴΣ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ǘƘŜǎŜ ǇǊƻƧŜŎǘǎ ƛƴ ǘƘŜ 

ƻƛƭ ŀƴŘ Ǝŀǎ ƛƴŘǳǎǘǊȅ ǳǎǳŀƭƭȅ ǊŜǉǳƛǊŜ ƭŀǊƎŜ ƛƴǾŜǎǘƳŜƴǘ ό/ŀǇƛǘŀƭ ŀƴŘ ƘǳƳŀƴ ǊŜǎƻǳǊŎŜǎύΣ 

ŎƻƳǇƭŜȄ ǘŜŎƘƴƻƭƻƎȅΣ ŘƛǊŜŎǘ ŀƴŘ ƛƴŘƛǊŜŎǘ ƛƴǾŜǎǘƻǊǎκǎǘŀƪŜƘƻƭŘŜǊǎΣ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ 

ǎƻŎƛŀƭ ƛƳǇŀŎǘ ό{ǿŜƛǎ Ŝǘ ŀƭΦΣ нлмуΤ ¢ƘǳȅŜǘ Ŝǘ ŀƭΦΣ нллтύΦ tƛǇŜƭƛƴŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ǇǊƻƧŜŎǘǎ ŀǊŜ 

ƎŜƴŜǊŀƭƭȅ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ŀǎ ƘŀǾƛƴƎ ŀ ǎǳōǎǘŀƴǘƛŀƭ ƴǳƳōŜǊ ƻŦ ǊŜǇŜǘƛǘƛǾŜ ǎŜŎǘƻǊǎ ǿƻǊƪΤ Ƙƻǿπ

ŜǾŜǊΣ ǾŀǊƛƻǳǎ ŦƻǊƳǎ ƻŦ ŘŜƭŀȅǎ ŀǊŜ ŜȄǇŜǊƛŜƴŎŜŘ ŀǎ ǿŜƭƭΦ !ǎ ƳŜƴǘƛƻƴŜŘ ōȅ IŀǘƳƻƪƻ ŀƴŘ 

YƘŀǎŀƴƛ όнлмфύΤ hǊŀƴƎƛ Ŝǘ ŀƭΦ όнлммύΤ ¢ƘǳȅŜǘ Ŝǘ ŀƭΦ όнллтύΣ ƛƴ ǘƘŜƛǊ ŦƛƴŘƛƴƎǎ ƻƴ ŘŜƭŀȅǎ ŜȄπ

ǇŜǊƛŜƴŎŜŘ ōȅ ǇǊƻƧŜŎǘ ŎƻƴǘǊŀŎǘƻǊǎ ƛƴ ǇƛǇŜƭƛƴŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǊŜǎŜŀǊŎƘ ǿƻǊƪ ŦƻǊ ǘƘŜ ±ƛŎǘƻπ

ǊƛŀπōŀǎŜŘ !ǳǎǘǊŀƭƛŀΣ ±ƛŜǘƴŀƳ ŀƴŘ aƛŘŘƭŜ 9ŀǎǘ ŎƻǳƴǘǊƛŜǎ ǇƛǇŜƭƛƴŜ ǇǊƻƧŜŎǘǎ ǊŜǎǇŜŎǘƛǾŜƭȅΣ 

ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǿŜǊŜ ǎǳƳƳŀǊƛƭȅ ŘƛǎŎƻǾŜǊŜŘ ŀǎ Ǌƻƻǘ ŎŀǳǎŜǎ ŦƻǊ ǘƘŜ ŘŜƭŀȅΥ 

¶ aƻŘƛŦƛŎŀǘƛƻƴ κ ŎƘŀƴƎŜǎ ƳŀŘŜ ŦǊƻƳ ƛƴƛǘƛŀƭ ŘŜǎƛƎƴ 

¶ Cƭŀǿǎ ŘŜǘŜŎǘŜŘ ƛƴ ŘŜǎƛƎƴǎ όƻōǎŎǳǊƛǘƛŜǎ ŀƴŘ ƛƴŎƻƴǎƛǎǘŜƴŎƛŜǎ ƻŦ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎύ 

¶ LƴŀŘŜǉǳŀǘŜ ŘƻŎǳƳŜƴǘŀǘƛƻƴ κ ŘŜǎƛƎƴ ǎǳōƳƛǎǎƛƻƴ ŘŜƭŀȅǎ 

¶ /ƻƳƳǳƴƛŎŀǘƛƻƴ ƭŀǇǎŜǎ ōŜǘǿŜŜƴ ŘŜǎƛƎƴŜǊǎ ŀƴŘ ŎƻƴǘǊŀŎǘƻǊǎ 

¶ /ƻƳƳǳƴƛŎŀǘƛƻƴ ƭŀǇǎŜǎ ōŜǘǿŜŜƴ ŎƭƛŜƴǘ ŀƴŘ ǇǊƻƧŜŎǘ ǘŜŀƳ 

¶ LǎǎǳŜǎ ōƻǊŘŜǊƛƴƎ ŎǳǎǘƻƳŜǊ κ ŜƴŘπǳǎŜǊ ŎƻƴŎŜǊƴǎ 

¶ LƴǎǳŦŦƛŎƛŜƴǘ ƎŜƻǘŜŎƘƴƛŎŀƭ ǊŜǎŜŀǊŎƘŜǎ 

¶ LǎǎǳŜǎ ōƻǊŘŜǊƛƴƎ ŎƭƛŜƴǘ κ ǎǘŀƪŜƘƻƭŘŜǊǎ ŀǇǇǊƻǾŀƭǎ  

¶ tƻƻǊ ǊŜƭŀǘƛƻƴǎƘƛǇ ǿƛǘƘ ƎƻǾŜǊƴƳŜƴǘ ŀƴŘ ǊŜƭŜǾŀƴǘ ŀǳǘƘƻǊƛǘƛŜǎ  

¶ /ǊƛǘƛŎŀƭ ǿŜŀǘƘŜǊ ŎƻƴŘƛǘƛƻƴǎ 

¶ aŀǘŜǊƛŀƭǎ κ ŜǉǳƛǇƳŜƴǘ ǎǳǇǇƭƛŜǊǎΩ ŘŜƭŀȅǎ 

¶ {ǳōŎƻƴǘǊŀŎǘƻǊ ƛǎǎǳŜǎ 

¶ LƴŎƻƳǇŜǘŜƴǘ ǇǊƻƧŜŎǘ ǘŜŀƳ ŀƴŘ ǇƻƻǊ ǎƛǘŜ ƳŀƴŀƎŜƳŜƴǘ ǇǊŀŎǘƛŎŜǎ 

¶ 9ǊǊƻǊǎ ŜƴŎƻǳƴǘŜǊ ƛƴ ǇƭŀƴƴƛƴƎ ŀƴŘ ǎŎƘŜŘǳƭƛƴƎ ǎǘŀƎŜǎ 

¶ LǎǎǳŜǎ ōƻǊŘŜǊƛƴƎ ƻƴ ŎǳƭǘǳǊŀƭ ŀƴŘ ƘŜǊƛǘŀƎŜ ƳŀƴŀƎŜƳŜƴǘ 

¶ /ƻƴǎǘǊǳŎǘƛƻƴ ǊŜǇŀƛǊκǊŜǿƻǊƪ 



мф 

 

5ŜǎǇƛǘŜ ǘƘŜ ǎǳŎŎŜǎǎŜǎ ǊŜŎƻǊŘŜŘ ōȅ ǾŀǊƛƻǳǎ ƻǊƎŀƴƛȊŀǘƛƻƴǎ ŦƻǊ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ [{{ 

ǘƻ ǘŀŎƪƭŜ ƛƳǇŜŘƛƳŜƴǘǎ ŦƻǊ ƳŀƴŀƎƛƴƎ ǇǊƻƧŜŎǘǎ ǎǳŎŎŜǎǎŦǳƭƭȅΣ ƛǘǎ ŀŘŀǇǘŀǘƛƻƴ ƛƴ ŘŜǾŜƭƻǇƛƴƎ 

ŎƻǳƴǘǊƛŜǎ Ƙŀǎ ǊŜŎŜƛǾŜŘ ƭŜǎǎ ŀǘǘŜƴǘƛƻƴ ό!ƭōƭƛǿƛ Ŝǘ ŀƭΦΣ нлмрύΦ ¦ƳǳŘŜπLƎōǊǳ ŀƴŘ tǊƛŎŜ όнлмрύ 

ŦǳǊǘƘŜǊ ŀǎǎŜǊǘŜŘΣ ƛƴ ǘƘŜƛǊ ǊŜǎŜŀǊŎƘ ǿƻǊƪΣ ǘƘŜ ǇƻƻǊ ǇŜǊŦƻǊƳŀƴŎŜ όор҈ύ ƻŦ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ 

ƻŦ [{{ ƛƴ bƛƎŜǊƛŀΦ 

 

IƻǿŜǾŜǊΣ ǘƘŜ ǊŜǎŜŀǊŎƘ ƛƴǘŜƴŘǎ ǘƻ ƛƴǘǊƻŘǳŎŜ ǘƘŜ ǳǎŜ ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ [{{ ǘƻ ǘŀŎƪƭŜ 

ŦŀŎǘƻǊǎ ǘƘŀǘ ƴŜŎŜǎǎƛǘŀǘŜŘ ŎƻƴǎǘǊǳŎǘƛƻƴ ǊŜǿƻǊƪΣ ǎǳŎƘ ŀǎ ǿŜƭŘ ŘŜŦŜŎǘǎ ǳǎǳŀƭƭȅ ŜƴŎƻǳƴǘŜǊŜŘ 

ŘǳǊƛƴƎ ǿŜƭŘƛƴƎ ŀŎǘƛǾƛǘƛŜǎ ƛƴ ǇƛǇŜƭƛƴŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻǇŜǊŀǘƛƻƴǎΦ   

 

Lƴ ǘƘŜ ŎƻǳǊǎŜ ƻŦ ǇƛǇŜƭƛƴŜ ǿŜƭŘƛƴƎ ƻǇŜǊŀǘƛƻƴǎΣ ǿŜƭŘ ŘŜŦŜŎǘǎ ǳǎǳŀƭƭȅ ŜƴŎƻǳƴǘŜǊŜŘ ŀŦǘŜǊ ŎŀǊπ

ǊȅƛƴƎ ƻǳǘ ƴŜŎŜǎǎŀǊȅ bƻƴπ5ŜǎǘǊǳŎǘƛǾŜ ¢ŜǎǘƛƴƎ όb5¢ύ ǇƻǎǎŜǎǎŜǎ ƎǊŜŀǘ ŎƻƴŎŜǊƴ ǘƻ ǘƘŜ ǇǊƻπ

ƧŜŎǘ ƳŀƴŀƎƛƴƎ ǘŜŀƳΣ ŀǎ ǘƘƛǎ ƴƻǊƳŀƭƭȅ ƭŜŀŘǎ ǘƻ ǊŜǇŀƛǊΤ Ŏƻǎǘ ŀƴŘ ǘƛƳŜ ƻǾŜǊǊǳƴ ƻƴ ǘƘŜ ǇǊƻπ

ƧŜŎǘΣ ŀƴŘ ǘƘǳǎ ǇǊƻƭƻƴƎ ǘƘŜ ŘŜƭƛǾŜǊȅ ǎŎƘŜŘǳƭŜ ό{ƘƛƴŘŜ ŀƴŘ LƴŀƳŘŀǊΣ нлмпύΦ  

 

1.2 Problem Statement 

{ŜǾŜǊŀƭ ŜŦŦŜŎǘǎ ŀƴŘ ŀǘǘŜƳǇǘǎ ōȅ Ƴŀƴȅ ǎǘŀƪŜƘƻƭŘŜǊǎ ƛƴ ǘƘŜ ƻƛƭ ŀƴŘ Ǝŀǎ ǇƛǇŜƭƛƴŜ ƛƴŘǳǎǘǊȅ ƛƴ 

bƛƎŜǊƛŀ ƛƴ ǎŜŜƪƛƴƎ ǿŀȅǎ ǘƻ ŎǳǊō ǘƘƛǎ ǳƎƭȅ ƳŜƴŀŎŜ ς ƭŀǘŜ ŘŜƭƛǾŜǊȅ ς ǿƘƛŎƘ ǳǎǳŀƭƭȅ ƻŎŎǳǊǎ ƛƴ 

ǎŜǾŜǊŀƭ ǇǊƻƧŜŎǘǎ ǿƻǊƪǎΦ Lƴ ŀ ǇǊƻƧŜŎǘ ƭƛŦŜ ŎȅŎƭŜΣ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ǇƘŀǎŜ ǘŜƴŘǎ ǘƻ ōŜ ŀ ŎǊƛǘƛŎŀƭ 

ŀǎǇŜŎǘ ǘƘŀǘ ŘǊŀǿǎ ƎǊŜŀǘ ŎƻƴŎŜǊƴǎ ŦƻǊ ǎǘŀƪŜƘƻƭŘŜǊǎ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ŎƻƴǎǘǊǳŎǘƛƻƴ ŘŜƭŀȅǎ 

όhǊŀƴƎƛΣ нлммύΦ 5ǳǊƛƴƎ ǇƛǇŜƭƛƴŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻǇŜǊŀǘƛƻƴǎΣ ŜƴŎƻǳƴǘŜǊƛƴƎ ǿŜƭŘƛƴƎ ŘŜŦŜŎǘǎ 

ƛƴ ǘƘŜ ŎƻǳǊǎŜ ƻŦ ǿŜƭŘƛƴƎ ŀŎǘƛǾƛǘƛŜǎ ǘŜƴŘǎ ǘƻ ŎŀǳǎŜ ǎŎƘŜŘǳƭŜ ŘŜƭŀȅǎΣ ǊŜǿƻǊƪΣ Ŏƻǎǘ ŀƴŘ ǘƛƳŜ 

ƻǾŜǊǊǳƴǎΦ !ǎ ǎǳŎƘΣ ŀ Ŏƻƴǘƛƴǳƻǳǎ ƛƳǇǊƻǾŜƳŜƴǘ ŀƴŘ ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭ ǇǊƻŎŜǎǎ ƳŜŎƘŀƴƛǎƳ ƛǎ 

ǎƻǳƎƘǘ ǘƻ ŀŘŘǊŜǎǎ ǘƘƛǎΣ ǿƘƛŎƘ ǊŜŀŘƛƭȅ Ŧŀƭƭǎ ǳƴŘŜǊ ǘƘŜ ŎŀǇŀōƛƭƛǘȅ ƻŦ [Ŝŀƴ {ƛȄ {ƛƎƳŀΦ 

 

1.3 Objective of Study 

¢ƘŜ Ƴŀƛƴ ƻōƧŜŎǘƛǾŜ ƻŦ ǘƘƛǎ ǘƘŜǎƛǎ ƛǎ ǘƻ ƛƴǾŜǎǘƛƎŀǘŜ ŀƴŘ ƛŘŜƴǘƛŦȅ ŦŀŎǘƻǊǎ ǿƘƛŎƘ ŎŀǳǎŜ ǇǊƻƧŜŎǘ 

ŘŜƭŀȅǎ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ ǿŜƭŘƛƴƎ ŘŜŦŜŎǘǎ ŜƴŎƻǳƴǘŜǊŜŘ ŘǳǊƛƴƎ ǿŜƭŘƛƴƎ ŀŎǘƛǾƛǘƛŜǎ ƛƴ ǘƘŜ ƻƛƭ ŀƴŘ 



нл 

Ǝŀǎ ǇƛǇŜƭƛƴŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻǇŜǊŀǘƛƻƴΣ ŀƴŘ ǇǊƻŦŦŜǊ ǎƻƭǳǘƛƻƴǎ ŦƻǊ ǘƘŜƛǊ ŜƭƛƳƛƴŀǘƛƻƴ ǳǎƛƴƎ ǘƘŜ 

[Ŝŀƴ {ƛȄ {ƛƎƳŀ ƳƻŘŜƭΦ 

 

[{{ ǎǳŎŎŜǎǎŜǎ Ŏŀƴ ōŜ ǘǊŀŎŜŘ ǘƻ ǎŜǾŜǊŀƭ ŀǊǘƛŎƭŜǎ ŀƴŘ ǊŜǇƻǊǘǎ ƛƴ ǘƘŜ ǇŀǎǘΣ ǿƘƛŎƘ ƘƛƎƘƭƛƎƘǘŜŘ 

ǘƘŜ ōŜƴŜŦƛǘǎ ƻŦ ǳǎƛƴƎ [{{ ƛƴ ǾŀǊƛƻǳǎ ŦƛŜƭŘǎ ƻŦ ōǳǎƛƴŜǎǎŜǎΣ ƛƴǎǘƛǘǳǘƛƻƴǎ ŀƴŘ ƻǊƎŀƴƛȊŀǘƛƻƴǎΦ 

¢ƘŜ ƎŀƛƴŜŘ ƛƴǎƛƎƘǘǎ ǿƛƭƭ ƘƛƎƘƭƛƎƘǘ ǘƘŜǎŜ ƻǊƎŀƴƛȊŀǘƛƻƴǎ ǳǎƛƴƎ [{{ ƳŜǘƘƻŘƻƭƻƎȅ ƛƴ ƳŀƴŀƎƛƴƎ 

ǾŀǊƛƻǳǎ ǇǊƻƧŜŎǘǎ ǎǳŎŎŜǎǎŦǳƭƭȅΦ 

 

1.4 Research Questions 

²Ƙŀǘ ŀǊŜ ǘƘŜ Ǌƻƻǘǎ ŎŀǳǎŜǎ ŦƻǊ ƭŀǘŜ ŘŜƭƛǾŜǊȅ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ƘƛƎƘ ǿŜƭŘ ŘŜŦŜŎǘǎ ƻŎŎǳǊǊŜƴŎŜǎ 

ŀƴŘ ǘƘŜ ǇƻǎǎƛōƭŜ ŜƭƛƳƛƴŀǘƛƻƴ ƛƴ ǘƘŜ ƻƛƭ ŀƴŘ Ǝŀǎ ǇƛǇŜƭƛƴŜ ǇǊƻƧŜŎǘǎ ōŜŎŀǳǎŜ ǘƘŜȅ ǎŜǊǾŜ ŀǎ 

ƛƳǇŜŘƛƳŜƴǘǎ ǘƻ ǎǳŎŎŜǎǎŦǳƭƭȅ ƳŀƴŀƎŜ ǘƘŜǎŜ ǇƛǇŜƭƛƴŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻǇŜǊŀǘƛƻƴǎ ƻǇǘƛƳŀƭƭȅΚ 

 

1.4.1 wŜǎŜŀǊŎƘ IȅǇƻǘƘŜǎƛǎ 

This research is being conducted with the help of an alternate hypothesis (HA): There is 

a significant relationship between inadequate training of pipeline welders and a high 

level of weld defects. 

 

1.5 Assumptions and Limitations 

¢ƘŜ ǎǘǳŘȅ ŦƻŎǳǎŜŘ Ƴŀƛƴƭȅ ƛƴ [ŀƎƻǎ {ǘŀǘŜΣ ǘƘŜ ǿŜǎǘŜǊƴ ǇŀǊǘ ƻŦ bƛƎŜǊƛŀΣ ƛƴ ŎƻƴǘǊŀŎǘ ǘƻ ǘƘŜ 

ƛƴƛǘƛŀƭ ǇƭŀȅŜǊǎ ƘŜŀǾƛƭȅ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ ƻƛƭ ŀƴŘ Ǝŀǎ ǇƛǇŜƭƛƴŜ ǎŜŎǘƻǊπ bƛƎŜǊ 5Ŝƭǘŀ ŀƴŘ ǎƻǳǘƘŜǊƴ 

ǊŜƎƛƻƴ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΦ CǳǊǘƘŜǊ ǊŜǎŜŀǊŎƘ Ƙŀǎ ǘƻ ōŜ ŎƻƴŘǳŎǘŜŘ ƛƴ ǘƘŜ ŦǳǘǳǊŜ ǘƻ ŎŀǇǘǳǊŜ ǘƘŜ 

ƎŜƴŜǊŀƭƛȊŜŘ ǇŜǊŎŜǇǘƛƻƴ ŦƻǊ ŘŜƭŀȅǎ ƛƴ ǘƘƛǎ ǇŜŎǳƭƛŀǊ ǎŜŎǘƻǊΦ ¢Ƙƛǎ ƭƛƳƛǘŀǘƛƻƴ ŎƻƴǎǘǊŀƛƴŜŘ ǘƘŜ 

ŘŜƎǊŜŜ ƻŦ ƎŜƴŜǊŀƭƛȊŀǘƛƻƴ ƻŦ ǘƘŜ ŦƛƴŘƛƴƎǎΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ǊŜǎŜŀǊŎƘ ŜƴŎƻǳƴǘŜǊŜŘ ŀ ƭŀŎƪ 

ƻŦ ŎƻƻǇŜǊŀǘƛƻƴ ŀƴŘ ƳƛǎǘǊǳǎǘ ŜǎǇŜŎƛŀƭƭȅ ŦǊƻƳ ǎƻƳŜ ƭŀǊƎŜ ŎƻǊǇƻǊŀǘƛƻƴǎ ŀƴŘ {a9Ωǎ ǊŜǎǇƻƴŘπ

Ŝƴǘǎ ƛƴ ǘƘƛǎ ǎŜŎǘƻǊΣ ǘƘƛǎ ǇŜǊŎŜǇǘƛƻƴ Ƴŀȅ ŀǊƛǎŜ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ƴƻǘ ŘƛǎŎƭƻǎƛƴƎ ŎŜǊǘŀƛƴ ƛƴπ

ŦƻǊƳŀǘƛƻƴ ǿƘƛŎƘ Ƴŀȅ ŜȄǇƻǎŜ ǘƘŜƛǊ ǎŜƭŦπƛƴŀŘŜǉǳŀŎƛŜǎ ƻǊ ŀƎƎǊŀǾŀǘŜ ŘŜƭŀȅǎ ƛƴ ǘƘŜƛǊ ǇǊƻƧŜŎǘ 



нм 

ƻǇŜǊŀǘƛƻƴǎΦ !ǎ ǎǳŎƘΣ ǘƘŜ bƻƴŘƛǎŎƭƻǎǳǊŜ !ƎǊŜŜƳŜƴǘ όb5!ύ ǿŀǎ ŀŎŎŜŘŜŘ ǘƻ ǿƛǘƘ ǊŜǎǇƻƴŘπ

Ŝƴǘǎ ǿƘƻǎŜ ǊŜǎǇƻƴǎŜǎ ǇƭŀȅŜŘ ŀ Ǿƛǘŀƭ ǊƻƭŜ ƛƴ ǘƘŜ ǊŜǎŜŀǊŎƘΦ 

 

IŜƴŎŜΣ ǘƘŜ ǎŜƭŜŎǘŜŘ ŎƻƳǇŀƴƛŜǎ ǇǊŜŦŜǊǊŜŘ ǘƻ ǊŜƳŀƛƴ ŀƴƻƴȅƳƻǳǎΦ ¢ƘŜ ƻōǘŀƛƴŜŘ ŘƻŎǳπ

ƳŜƴǘ Ǿƛŀ ǘƘŜ ǿŜƭŘ ƛƴǎǇŜŎǘƛƻƴ ǊŜǇƻǊǘ ŀƴŘ ǘƘŜ ŎƻƴŘǳŎǘŜŘ ǎǳǊǾŜȅ Ǿƛŀ ǘƘŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜ 

ŦǊƻƳ ǘƘŜǎŜ ŎƻƳǇŀƴƛŜǎ ǇǊƻǾŜŘ Ǿƛǘŀƭ ƛƴ ŀŎŎƻƳǇƭƛǎƘƛƴƎ ǘƘŜ ƻōƧŜŎǘƛǾŜǎ ŦƻǊ ǘƘŜ ǊŜǎŜŀǊŎƘΦ 

 

CǳǊǘƘŜǊƳƻǊŜΣ ǘƘƛǎ ǊŜǎŜŀǊŎƘ ŎŜƴǘǊŜŘ ƻƴ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ǇƘŀǎŜ ƻŦ ǘƘŜ ƻƛƭ ŀƴŘ Ǝŀǎ ǇƛǇŜƭƛƴŜǎΣ 

ǿƘŜǊŜ ǎǘŜŜƭ ǇƛǇŜǎ ƘŀǾŜ ŀƭǊŜŀŘȅ ōŜŜƴ ǘǊŀƴǎǇƻǊǘŜŘ ŀƴŘ ǎǘƻǊŜŘ ŀǘ ǇǊƻƧŜŎǘ ǎƛǘŜ ōŜŦƻǊŜ ŎƻƳπ

ƳŜƴŎŜƳŜƴǘ ƻŦ ǿŜƭŘƛƴƎ ŀŎǘƛǾƛǘƛŜǎΦ CǳǊǘƘŜǊƳƻǊŜΣ ǎǘǊƛƴƎƛƴƎ ƻŦ ǇƛǇŜǎ ŎƻƳƳŜƴŎŜŘ ƛƴ ǇǊŜǇŀπ

Ǌŀǘƛƻƴ ŦƻǊ ƧƻƛƴƛƴƎ ǾŀǊƛƻǳǎ ǎǘŜŜƭ ǇƛǇŜǎ ŀƴŘ ŀŎŎŜǎǎƻǊƛŜǎ ǘƻƎŜǘƘŜǊ ǘƘǊƻǳƎƘ ǿŜƭŘƛƴƎ ǇǊƻŎŜǎǎŜǎΦ 

¢ƘŜ ŦƛƴƛǎƘŜŘ ǿŜƭŘŜŘ Ƨƻƛƴǘǎ ǘŜǎǘŜŘ ǘƘǊƻǳƎƘ bƻƴπŘŜǎǘǊǳŎǘƛǾŜ ¢ŜǎǘƛƴƎ όb5¢ύ ǘƻ ŜƴǎǳǊŜ ǘƘŜƛǊ 

ǉǳŀƭƛǘȅΦ IƻǿŜǾŜǊΣ ǎƻƳŜ ǿŜƭŘƛƴƎ ŘŜŦŜŎǘǎ ƻŎŎǳǊ ŀŦǘŜǊ ǘƘŜ ǘŜǎǘǎ ǿƘƛŎƘ ǊŜǉǳƛǊŜ ǊŜǇŀƛǊ ŀƴŘ 

ǊŜŎƘŜŎƪΦ 

 

CƛƴŀƭƭȅΣ ǘƘŜ ōŀǎƛǎ ƻŦ ŀǎǎǳƳǇǘƛƻƴ ŦƻǊ ǘƘƛǎ ǊŜǎŜŀǊŎƘ ǊŜǎǘǎ ƻƴ ǘƘŜ ǇƻǎƛǘƛǾŜ ǊŜǎǇƻƴǎŜǎ ǊŜŎŜƛǾŜŘ 

ŦǊƻƳ ǘƘŜ ǊŜǎǇƻƴŘŜƴǘǎ ς ±ƻƛŎŜ ƻŦ ǘƘŜ 9ƳǇƭƻȅŜŜ ό±h9ύ ς ƻŦ ǘƘŜ ǘǿƻ ŎŀǎŜ ŎƻƳǇŀƴƛŜǎΣ 

ǘƘǊƻǳƎƘ ǘƘŜ ŎƻƴŘǳŎǘŜŘ ƛƴǘŜǊǾƛŜǿǎ όǾƛŘŜƻ ŀƴŘ ŀǳŘƛƻ ŎƻƳƳǳƴƛŎŀǘƛƻƴύ ŀƴŘ ǎǳōƳƛǘǘŜŘ 

ǉǳŜǎǘƛƻƴƴŀƛǊŜǎ όŜƭŜŎǘǊƻƴƛŎύΦ !ƭǎƻΣ ǘƘŜ ǊŜŎŜƛǾŜŘ ƛƴŦƻǊƳŀǘƛƻƴ ǿŀǎ ŎƻƴǾŜȅŜŘ ǿƛƭƭƛƴƎƭȅ ŀƴŘ 

ŀǇǇǊƻǇǊƛŀǘŜƭȅ ōŜŦƛǘǘƛƴƎ ǘƘŜ ŎǊƛǘŜǊƛŀ ǎŜǘ ŦƻǊ ǘƘƛǎ ǊŜǎŜŀǊŎƘ ǿƻǊƪΦ 
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2 LITERATURE REVIEW 

2.1 Introduction 

This second chapter describes the overview of Lean and Six Sigma theoretically and care-

fully analyze past literature reviews, relating to the subject matter, to have general in-

formation and their possible effects toward managing project successfully.  

 

2.1.1 ¢ƘŜ /ƻƴŎŜǇǘ ƻŦ [Ŝŀƴ 

[Ŝŀƴ Ŏŀƴ ōŜ ŘŜǎŎǊƛōŜŘ ŀǎ ŀ ŎƻƭƭŜŎǘƛƻƴ ƻŦ ǘƻƻƭǎ ǘƘŀǘ ƛŘŜƴǘƛŦȅ ǿŀǎǘŜǎ ƛƴ ŀ ǇǊƻŘǳŎǘ ƻǊ ǇǊƻŎŜǎǎ 

ŀƴŘ ǇǊƻŦŦŜǊ ǎƻƭǳǘƛƻƴ ŦƻǊ ǘƘŜƛǊ ŜƭƛƳƛƴŀǘƛƻƴ ǎƻ ŀǎ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜƛǊ ǉǳŀƭƛǘȅΣ ǇǊƻŘǳŎǘƛƻƴ ǘƛƳŜ 

ŀƴŘ Ŏƻǎǘ όwŜƘƳŀƴ Ŝǘ ŀƭΦ нлмоΤ .ŀŜ ŀƴŘ YƛƳ нллуΤ ¢ƘŜ /ƻǳƴŎƛƭ ŦƻǊ {ƛȄ {ƛƎƳŀ /ŜǊǘƛŦƛŎŀǘƛƻƴ 

нлмуŀύΦ wŀƘƳŀƴ Ŝǘ ŀƭΦ όнлмоύ ŀŦŦƛǊƳŜŘ ǘƘŀǘ [Ŝŀƴ ŜƴǎǳǊŜǎ ǇǊƻŎŜǎǎŜǎ ƻǊ ǇǊƻŘǳŎǘǎ ǇǊƻŘǳŎŜŘ 

ǿƛǘƘƻǳǘ ǿŀǎǘŜΦ  CǳǊǘƘŜǊ ŜȄǇƭŀƛƴƛƴƎΣ ǘƘŀǘ ǘƘŜǎŜ ǿŀǎǘŜǎ ŎƻǳƭŘ ōŜ ŀƴȅǘƘƛƴƎ ƻǘƘŜǊ ǘƘŀƴ ǘƘŜ 

ƳƛƴƛƳǳƳ ǊŜǉǳƛǊŜƳŜƴǘ ƻŦ ŜǉǳƛǇƳŜƴǘΣ ǇŀǊǘǎΣ ƳŀǘŜǊƛŀƭǎΣ ǊŜǎƻǳǊŎŜǎ ŀƴŘ ǿƻǊƪƛƴƎ ǘƛƳŜΣ 

ǿƘƛŎƘ ŀǊŜ ŜǎǎŜƴǘƛŀƭ ƛƴ Ƴŀƴȅ ǇǊƻŎŜǎǎŜǎΣ ǎŜǊǾƛŎŜǎ ƻǊ ǇǊƻŘǳŎǘǎ ǇǊƻŘǳŎǘƛƻƴΦ  

 

²ƘƛƭŜ YŀŘŀǊƻǾŀ ŀƴŘ 5ŜƳŜŎƪƻ όнлмсύ ŘŜǎŎǊƛōŜŘ [Ŝŀƴ ŀǎ ŀ ŎƻƭƭŜŎǘƛƻƴ ƻŦ ǘƻƻƭǎ ŀƴŘ ƳŜǘƘƻŘǎ 

ǘƻ ŀǎǎƛǎǘ ƳŀƴŀƎŜǊǎ ŀƴŘ ŜƳǇƭƻȅŜŜǎ ǘƻ ƛƳǇǊƻǾŜ ōȅ ƳŜŀƴǎ ƻŦ ƛŘŜƴǘƛŦȅƛƴƎ ŀƴŘ ǊŜƳƻǾŀƭ ƻŦ ŀ  

ōƻǘǘƭŜƴŜŎƪ ƛƴ ǿƻǊƪ ǇǊƻŎŜǎǎŜǎ ǘƘǊƻǳƎƘ ǎȅǎǘŜƳǎ ǊŜŘŜǎƛƎƴΦ Lƴ ǎǳƳƳŀǊȅΣ ŀǎ ƛƳǇƭƛŜŘ ōȅ .ŀŜ 

ŀƴŘ YƛƳ нллуΣ ǘƘŀǘ ƭŜŀƴ ǘŜƴŘǎ ǘƻ ƳŀȄƛƳƛȊŜ ǾŀƭǳŜ ŦƻǊ ŀƴ ƻǊƎŀƴƛȊŀǘƛƻƴ ƻƴŎŜ ǿŀǎǘŜǎ ŀǊŜ 

ŜƭƛƳƛƴŀǘŜŘΦ  

 

!ǎ ƳŜƴǘƛƻƴŜŘ ōȅ /ŀƴŎŀŘƻ Ŝǘ ŀƭΦ όнлмфύΤ YŀŘŀǊƻǾŀ ŀƴŘ 5ŜƳŜŎƪƻ όнлмсύΣ ǘƘŜǎŜ ǿŀǎǘŜǎ 

ŎƻǳƭŘ ōŜ ƛǎǎǳŜǎ ŀǊƛǎƛƴƎ ƛƴ ŀƴȅ ƎƛǾŜƴ ǇǊƻŘǳŎǘǎΣ ǎŜǊǾƛŎŜǎ ŀƴŘ ǇǊƻŎŜǎǎ ŀǎ ŀ ǿŀǎǘŜ ƻŦ Ƴŀƴπ

ǇƻǿŜǊΣ ǘǊŀƴǎǇƻǊǘ ŎƻǎǘΣ ǳƴƴŜŎŜǎǎŀǊȅ ƛƴǾŜƴǘƻǊȅΣ ƘǳƳŀƴ ƳƻǾŜƳŜƴǘΣ ǿŀƛǘƛƴƎ ǘƛƳŜΣ ƻǾŜǊπ

ǇǊƻŎŜǎǎƛƴƎΣ ƻǾŜǊǇǊƻŘǳŎǘƛƻƴΣ ŘŜŦŜŎǘǎ ŀƴŘ ǇŜƻǇƭŜ ǘŀƭŜƴǘΦ 

 



но 

2.1.2 ¢ƘŜ /ƻƴŎŜǇǘ ƻŦ {ƛȄ {ƛƎƳŀ 

¢ƘŜ ǿƻǊŘ ά{ƛƎƳŀέΣ ǿƘƛŎƘ ƛǎ ŀ DǊŜŜƪ ƭŜǘǘŜǊΣ ˋΣ ǊŜǇǊŜǎŜƴǘǎ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴΦ Lƴ ǎǘŀǘƛǎǘƛŎǎΣ 

ǘƘŜ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ Ŏŀƴ ōŜ ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ ŘŜƎǊŜŜ ƻŦ ǾŀǊƛŀǘƛƻƴ ƻǊ ŘƛǎǇŜǊǎƛƻƴ ŦƻǊ ŀ ƎƛǾŜƴ 

ǎŜǘ ƻŦ Řŀǘŀ ƻǊ ǇǊƻŎŜǎǎ ό5ǳōŜȅ ŀƴŘ ¸ŀŘŀǾΣ нлмсύΦ ¢Ƙƛǎ ǿŀǎ ŦǳǊǘƘŜǊ ŜȄǇƭŀƛƴŜŘ ōȅ 5ǳōŜȅ ŀƴŘ 

¸ŀŘŀǾ όнлмсύΤ ¸ƻǳǎǎƻǳŦ Ŝǘ ŀƭΦ όнлмпύ ǘƘŀǘ {ƛȄ {ƛƎƳŀ ŜƴǎǳǊŜǎ ŦƻǊ ŀ ǇǊƻŎŜǎǎ ƻǊ ǇǊƻŘǳŎǘ ǘƻ 

ōŜ ŎŀǇŀōƭŜ ƻŦ ƳŀƛƴǘŀƛƴƛƴƎ ǘƘŜ {ƛȄ {ƛƎƳŀ ƭŜǾŜƭΣ ǘƘŜƴ ƛǘǎ ǎǇŜŎƛŦƛŎŀǘƛƻƴ ƭƛƳƛǘǎ ƻǊ ǘƻƭŜǊŀƴŎŜΣ 

ŀƴ ƛƴǘŜǊǾŀƭ Ƴǳǎǘ ōŜ ŀǘ ƭŜŀǎǘ сˋ ŦǊƻƳ ǘƘŜ ƳŜŀƴ ƻǊ ŀǾŜǊŀƎŜ ǇƻƛƴǘΦ hǳǘǎƛŘŜ ǘƘŜ ǘƻƭŜǊŀƴŎŜ 

ƛƴǘŜǊǾŀƭ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ǿŀǎǘŜǎ ƻǊ ŘŜŦŜŎǘǎΦ  

 

Lƴ ŦŀŎǘΣ άǎƛƎƳŀέ ǿƘƛŎƘ ƛǎ ƴƻǘŜŘ ŀǎ ŀ ƳŜŀƴǎ ƻŦ ƳŜǘǊƛŎ Ŏŀƴ ōŜ ǳǎŜŘ ŀǎ ŀ ƳŜŀƴǎ ǘƻ ǊŜŦƭŜŎǘ 

ƻǊƎŀƴƛȊŀǘƛƻƴǎΩ ǇǊƻŘǳŎǘǎΣ ǎŜǊǾƛŎŜǎ ƻǊ ǇǊƻŎŜǎǎŜǎ ǿƛǘƘƛƴ ǇǊŜǎŎǊƛōŜŘ ǎǇŜŎƛŦƛŎŀǘƛƻƴ ƭƛƳƛǘǎ ƻǊ 

ǿƛǘƘƛƴ ȊŜǊƻ ǿŀǎǘŜǎ ό!ōŘŜƭƘŀƳƛŘΣ нллоύΦ 

 

!ǎ ǎǘŀǘŜŘ ōȅ DȅƎƛ Ŝǘ ŀƭΦ όнлмнύΣ ǘƘŀǘ ǎƛƎƳŀ ǎŎŀƭŜ ƛǎ ŀ ǇǊŜǾŀƭŜƴǘ ǎȅǎǘŜƳ ŦƻǊ ŀǎǎŜǎǎƛƴƎ ǇƛǾƻǘŀƭ 

ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ŀ ǇǊƻŎŜǎǎΣ ǇǊƻŘǳŎǘ ƻǊ ǎŜǊǾƛŎŜ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǘƘŜ ƛƴǘŜƴŘŜŘ ǊŜǉǳƛǊŜπ

ƳŜƴǘǎΦ CǳǊǘƘŜǊ ŜȄǇƭŀƛƴƛƴƎ ǘƘŜ ŜȄǇŜŎǘŜŘ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ŀƴȅ ƎƛǾŜƴ ǇǊƻŎŜǎǎ Ŏŀƴ ōŜ ǊŜƭŀǘŜŘ 

ǘƻ ŀǎ ƘŀǾƛƴƎ ŀ ƘƛƎƘŜǊ ǎƛƎƳŀ ǎŎƻǊŜ ƻǊ ƭŜǾŜƭ ǿƛǘƘ ƭƛǘǘƭŜ ƻǊ ƴƻ Ŧƭŀǿǎ ƻǊ ŘŜŦŜŎǘǎΦ ²ƘƛƭŜ ŀ ǇǊƻπ

ŎŜǎǎ ƘŀǾƛƴƎ ŀ ǇƻƻǊ ƻǊ ƭƻǿŜǊ ǎƛƎƳŀ ǎŎƻǊŜ Ŏŀƴ ōŜ ǘŀƪŜƴ ŀǎ ƘŀǾƛƴƎ ƘƛƎƘŜǊ ŦƭŀǿǎΦ ¢ŀōƭŜ мΣ 

ƛƭƭǳǎǘǊŀǘŜ ǘƘŜ ǎƛƎƳŀ ƭŜǾŜƭ ƛƴ ǘŜǊƳǎ ƻŦ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ŘŜŦŜŎǘǎ ŀƴŘ ƻǳǘŎƻƳŜ ƻǊ ƻǇǇƻǊǘǳƴƛǘƛŜǎΦ  

 

¢ƘŜ ŜȄǇŜŎǘŜŘ ǉǳŀƭƛǘȅ ǇŜǊŦƻǊƳŀƴŎŜ ƻǊ ǘŀǊƎŜǘ ƻŦ ŀƴȅ ǇǊƻŎŜǎǎΣ ǇǊƻŘǳŎǘ ƻǊ ǎŜǊǾƛŎŜ ƛǎ ǎƛƎƳŀ 

ƭŜǾŜƭ сΣ ǿƘƛŎƘ ŀƛƳǎ ǘƻ ƘŀǾŜ ŀ ŘŜŦŜŎǘ ǊŀǘŜ ƻŦ оΦп ŘŜŦŜŎǘǎ ǇŜǊ Ƴƛƭƭƛƻƴ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ƻǊ ƻǳǘπ

ŎƻƳŜǎ ό¸ƻǳǎǎƻǳŦ Ŝǘ ŀƭΦΣ нлмпύΦ  

 

 

 

 

 

 



нп 

¢ŀōƭŜ мΦ {ƛƎƳŀ ƭŜǾŜƭ ƻŦ ōǳǎƛƴŜǎǎ ǇŜǊŦƻǊƳŀƴŎŜ ȅƛŜƭŘ ό¸ƻǳǎǎƻǳŦ Ŝǘ ŀƭΦΣ нлмпύΦ 

{κb {ƛƎƳŀ [ŜǾŜƭ 

ό{ŎƻǊŜύ 

5ŜŦŜŎǘƛǾŜ ό҈ύ 5ŜŦŜŎǘǎ ǇŜǊ hǳǘπ

ŎƻƳŜκhǇǇƻǊǘǳƴƛǘƛŜǎ 

ό5tahύ 

мΦ м сфΦмл сфмпсн 

нΦ н олΦфл олуроу 

оΦ о сΦт ссулт 

пΦ п лΦсн снмл 

рΦ р лΦлно ноо 

сΦ с лΦлллоп оΦп 

   

2.1.3 ¢ƘŜ /ƻƴŎŜǇǘ ƻŦ [Ŝŀƴ {ƛȄ {LƎƳŀ 

¢ƘŜ ƳŜǊƎŜǊ ƻŦ ǘƘŜǎŜ ŘƛǎǘƛƴŎǘ ǉǳŀƭƛǘȅ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ōǳǎƛƴŜǎǎ ƛƳǇǊƻǾŜƳŜƴǘ ƳŜǘƘƻŘπ

ƻƭƻƎƛŜǎ ŜǾƻƭǾŜŘ ƛƴǘƻ ŀƴ ŜȄǘŜƴǎƛǾŜ ƳŀƴŀƎŜƳŜƴǘ ǎȅǎǘŜƳ ǿƘƛŎƘ ǘŜƴŘǎ ǘƻ ǇǊƻƳƻǘŜ ƘƛƎƘπ

ǉǳŀƭƛǘȅ ǇǊƛƴŎƛǇƭŜΣ ǘŜŎƘƴƛǉǳŜǎΣ ŜŦŦŜŎǘƛǾŜ ƭŜŀŘŜǊǎƘƛǇΣ ŜƭƛƳƛƴŀǘŜ ǿŀǎǘŜǎ ŀƴŘ ǊŜŘǳŎŜ ǾŀǊƛŀǘƛƻƴΣ 

ǇǊƻƳƻǘŜ ŎǳǎǘƻƳŜǊ ǎŀǘƛǎŦŀŎǘƛƻƴ ŀƴŘ ōǳǎƛƴŜǎǎ ǾŀƭǳŜǎ όtŀƳŦƛƭƛŜ Ŝǘ ŀƭΦΣ нлмнΤ 9ƴƻŎƘΣ нлмоΤ 

5ǳƳƛǘǊŜǎŎǳ ŀƴŘ 5ǳƳƛǘǊŀŎƘŜΣ нлммύΦ  

 

!ƭǎƻΣ ŘŜǎǇƛǘŜ ǘƘŜ ǎǳŎŎŜǎǎŜǎ ǊŜŎƻǊŘŜŘ ōȅ ǎƻƳŜ ƻǊƎŀƴƛȊŀǘƛƻƴ ǳǎƛƴƎ [Ŝŀƴ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴΣ 

ŀǎ ǊŜǇƻǊǘŜŘ ōȅ /ƻǊǘŜǎ Ŝǘ ŀƭΦ όнлмсύΣ ǘƘŀǘ ǎƻƳŜ ŘŜŎƛǎƛƻƴπƳŀƪŜǊǎ ŀƴŘ ƳŀƴŀƎŜǊǎ ƻŦ ǎƻƳŜ 

ƻǊƎŀƴƛȊŀǘƛƻƴǎΣ ǿƘƻ ŀǊŜ ȅŜǘ ǘƻ ƛƳǇƭŜƳŜƴǘ ƛǘΣ ŀǊŜ ƴƻǘ ǎǳŦŦƛŎƛŜƴǘƭȅ ŎƻƴǾƛƴŎŜŘ ŜƴƻǳƎƘ ǘƻ ƛƴπ

ǾŜǎǘ ǘƘŜƛǊ ǘƛƳŜ ŀƴŘ ƳƻƴŜȅ ŦƻǊ ǘƘƛǎ ƛƳǇǊƻǾŜƳŜƴǘ ƳŜǘƘƻŘƻƭƻƎȅΦ CǳǊǘƘŜǊ ŜȄǇƭŀƛƴƛƴƎ ǘƘŀǘ 

ǘƘƛǎ ǿŀǎ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ƭŀŎƪ ƻŦ ŀŎŎǳǊŀǘŜ ƳŜŀǎǳǊŜƳŜƴǘΣ ƘƻǿŜǾŜǊΣ ŎƻƳōƛƴŜŘ ǿƛǘƘ {ƛȄ {ƛƎƳŀΣ 

ǘƘƛǎ ƛǎ ŀōƭŜ ǘƻ ŀŎŎǳǊŀǘŜƭȅ ƳŜŀǎǳǊŜ ŀƴŘ ŀƴŀƭȅȊŜ ǿƛǘƘ ǎǘŀǘƛǎǘƛŎŀƭ ƳŜǘƘƻŘǎ ό/ƻǊǘŜǎ Ŝǘ ŀƭΦΣ 

нлмсύΦ 

 

2.1.3.1 [Ŝŀƴ {ƛȄ {ƛƎƳŀ ¢ŀǊƎŜǘǎ  

[{{ ŀƛƳǎ ƛƴ ƳŜŜǘƛƴƎ ǘƘŜ ǎŜǘ ǘŀǊƎŜǘ ƛƴ ƻǊŘŜǊ ǘƻ ŀŎƘƛŜǾŜ ŀƴŘ Ƴŀƛƴǘŀƛƴ ǉǳŀƭƛǘȅ ōŀǎŜŘ ƻƴ 

ǎǘŀǘƛǎǘƛŎŀƭ ŎƻƴǘǊƻƭΦ ¢ƘŜƴΣ ǉǳŀƭƛǘȅ Ŏŀƴ ōŜ ǎŀƛŘ ǘƻ ŀǘǘŀƛƴ ƘƛƎƘ ǇŜǊŦƻǊƳŀƴŎŜǎ ǿƛǘƘ ƴƻ ƻǊ ƭƛǘǘƭŜ 
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ǾŀǊƛŀǘƛƻƴΦ ²ƘƛƭŜΣ DȅƎƛ Ŝǘ ŀƭΦΣ όнлмнύ ǎǘŀǘŜŘ ǘƘŀǘ ǉǳŀƭƛǘȅ Ŏŀƴ ōŜ ǘŀƪŜƴ ŀǎ ŀǘǘŀƛƴƛƴƎ ŎƻƴŦƻǊƳπ

ƛǘȅ ǿƛǘƘ ƎǳŀǊŘŜŘ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ ƻƴ ǇǊƻŘǳŎǘǎΣ ǇǊƻŎŜǎǎŜǎ ƻǊ ǎŜǊǾƛŎŜǎΦ CǳǊǘƘŜǊ ŜȄǇƭŀƛƴƛƴƎ 

ǘƘŀǘ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ ŀǊŜ ǘŀǊƎŜǘ ǇŜǊŦƻǊƳŀƴŎŜ ǾŀƭǳŜǎ ŀƴŘ ƻǳǘǎƛŘŜ ǘƘŜǎŜ ǾŀƭǳŜǎΣ ǎǳŎƘ ǇŜǊŦƻǊπ

ƳŀƴŎŜ ƛǎ ǘŀƪŜƴ ŀǎ ŦƭŀǿŜŘ ƻǊ ǊŜƧŜŎǘŜŘΦ 

 

CǳǊǘƘŜǊƳƻǊŜΣ DȅƎƛ Ŝǘ ŀƭΦ όнлмнύΣ ŀǾŜǊǊŜŘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǎǇŜŎƛŦƛŎŀǘƛƻƴ ŀǎ ŀ ƳŜŀƴǎ ƻŦ 

ƳŜŜǘƛƴƎ ǘŀǊƎŜǘǎ ŀƴŘ ƴƻǘ ǘƘŜ ƭƛƳƛǘΦ 9ƴǎǳǊƛƴƎ ǘƘŀǘ ǇǊƻŎŜǎǎŜǎ ƻǇŜǊŀǘƛƴƎ ƻƴ ǘŀǊƎŜǘ ǿƛǘƘ ŦŜǿ 

ǾŀǊƛŀǘƛƻƴǎ ǎƘƻǳƭŘ ōŜ ǘƘŜ ǘŀǊƎŜǘ ŦƻǊ ǇŜǊŦƻǊƳŀƴŎŜ ŜƴƘŀƴŎŜƳŜƴǘ ŀƴŘ ŜȄŎŜǎǎ Ŏƻǎǘ ǊŜŘǳŎǘƛƻƴΦ   

 

{ǘŀǘƛǎǘƛŎŀƭ ƳŜǘǊƛŎǎ Ŏŀƴ ōŜ ǊŜŦŜǊǊŜŘ ǘƻΣ ƛƴ ŀƴȅ ǇǊƻŎŜǎǎ ƻǊ ƛǘǎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΣ ŀǎ ŀ ƳŜŀƴǎ ƻŦ 

ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǘƘŜ ƛƴƘŜǊŜƴǘ ǇǊƻǇŜǊǘƛŜǎΣ ǿƘƛŎƘ ƛǎ ŎŀǘŜƎƻǊƛȊŜŘ ōŜǘǿŜŜƴ ǘƘŜ ƳŜŀƴ ŀƴŘ 

ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ ŦƻǊ ǘƘŜ ƎƛǾŜƴ ǇǊƻŎŜǎǎ όDȅƎƛ Ŝǘ ŀƭΦΣ нлмнύΦ CǳǊǘƘŜǊ ŜȄǇƭŀƛƴƛƴƎ ǘƘŀǘ ǘƘŜ 

ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ŀ ǇǊƻŎŜǎǎ ƛǎ ǎǳōƧŜŎǘ ǘƻ ǘƘŜ ŘŜƎǊŜŜ ƻŦ ǘƘŜ ǾŀǊƛŀǘƛƻƴΣ ǿƘƛŎƘ ƛƴ ǘǳǊƴ ƛƳǇŀǊǘǎ 

ǘƘŜ ŎǳǎǘƻƳŜǊΦ !ǎ ǎǳŎƘΣ ŦƻǊ ŀ ƎƛǾŜƴ ǇǊƻŎŜǎǎΣ ƛǘΩǎ ƛƳǇŜǊŀǘƛǾŜ ǘƻ Ƴŀƛƴǘŀƛƴ ŎƻƴǘǊƻƭ ƻǾŜǊ ǘƘŜ 

ƳŜŀƴ ŀƴŘ ǾŀǊƛŀǘƛƻƴ ƻŦ ǎǳŎƘ ǇǊƻŎŜǎǎ ŦǊƻƳ ǘƛƳŜ ǘƻ ǘƛƳŜ ŘǳŜ ǘƻ Ŏƻƴǎǘŀƴǘ ŎƘŀƴƎŜǎ ό5ǳƳƛπ

ǘǊŜǎŎǳ ŀƴŘ 5ǳƳƛǘǊŀŎƘŜΣ нлммύΦ   

 

²ƛǘƘ ǘƘŜ ŀƛŘ ƻŦ ŀ ƴƻǊƳŀƭ ŘƛǎǇŜǊǎƛƻƴ ŀǎ ŀ ǎǘŀǘƛǎǘƛŎŀƭ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ŀ ǇǊƻŎŜǎǎΣ ǇǊƻŘǳŎǘ 

ƻǊ ǎŜǊǾƛŎŜΣ ŀǎ ŘŜǇƛŎǘŜŘ ƛƴ CƛƎǳǊŜ мΣ ǘƘŜ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ όǎƛƎƳŀύ ŀǊƻǳƴŘ ǘƘŜ ǘŀǊƎŜǘ 

όƳŜŀƴύΣ ƳŜŀǎǳǊŜǎ ǘƘŜ ŘƛǎǇŜǊǎƛƻƴ όǘƻƭŜǊŀƴŎŜ ƛƴǘŜǊǾŀƭύ ƻŦ ŀ ǇǊƻŎŜǎǎ ōŜǘǿŜŜƴ ǘƘŜ ǳǇǇŜǊ 

ŀƴŘ ƭƻǿŜǊ ǎǇŜŎƛŦƛŎŀǘƛƻƴ ƭƛƳƛǘΦ !ƴŘ ŀǎ ŀ ƳŀǘǘŜǊ ƻŦ ŦŀŎǘǎΣ ŀƴȅ ǾŀƭǳŜ ōŜȅƻƴŘ ǘƘŜǎŜ ƭƛƳƛǘǎ ƛǎ 

ŎƻƴǎƛŘŜǊŜŘ ŀǎ ǿŀǎǘŜǎ ƻǊ ǊŜƧŜŎǘǎ ό¸ƻǳǎǎƻǳŦ Ŝǘ ŀƭΦΣ нлмпύΦ ¢ƘŜ ǘƻƭŜǊŀƴŎŜ ƛƴǘŜǊǾŀƭ ƛǎ ŀ ǎŎŀƭŜ 

ŦǊƻƳ м ǘƻ с ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴΦ ¢ƘŜ ǾŀƭǳŜ ŎƭƻǎŜǎǘ ǘƻ ǘƘŜ ǘŀǊƎŜǘ ƛǎ ǎŎŀƭŜŘ ŀǎ с ǎǘŀƴŘŀǊŘ 

ŘŜǾƛŀǘƛƻƴǎΦ ²ƘƛƭŜ ŦŀǊǘƘŜǊ ŦǊƻƳ ƛǘ ƛǎ ǎŎŀƭŜŘ ŀǎ м ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴΦ   

 

¢ƻ ŀǘǘŀƛƴ ǉǳŀƭƛǘȅ ƛƴ ŀ ǇǊƻŎŜǎǎΣ ƎŜǘǘƛƴƎ ǘƘŜ ǘŀǊƎŜǘΣ ƴƻǘ ƭƛƳƛǘǎ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ ǘƘŜ Ƴƻǎǘ 

ƛƳǇƻǊǘŀƴǘ ǇŀǊǘ ƻŦ ŀ ǎǇŜŎƛŦƛŎŀǘƛƻƴΦ ¢Ƙƛǎ ǘŀǊƎŜǘ ŜƴŎƻƳǇŀǎǎŜǎ ǳǘƛƭƛȊƛƴƎ ǎǇŜŎƛŦƛŎ ŎƘŀǊŀŎǘŜǊƛǎπ

ǘƛŎǎ ŦƻǊ ƛǘǎ ƻǇŜǊŀǘƛƻƴΣ ǘƻ Ƴŀƛƴǘŀƛƴ ǇǊƻŎŜǎǎ ƛƳǇǊƻǾŜƳŜƴǘ ŀƴŘ ŜȄŎŜǎǎƛǾŜ Ŏƻǎǘ ǊŜŘǳŎǘƛƻƴ 

ǿƛǘƘ ƭƛǘǘƭŜ ŦƭǳŎǘǳŀǘƛƻƴ όDȅƎƛ Ŝǘ ŀƭΦΣ нлмнύΦ  

 



нс 

 

CƛƎǳǊŜ мΦ {ǘŀǘƛǎǘƛŎŀƭ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ŀ ǇǊƻŎŜǎǎΣ ǇǊƻŘǳŎǘ ƻǊ ǎŜǊǾƛŎŜ ό̧ƻǳǎǎƻǳŦ Ŝǘ ŀƭΦΣ нлмпύΦ 

 

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 models by a business organization, which are as follows:   

 

2.2.1 aŜǊƛǘǎ ƻŦ [Ŝŀƴ {ƛȄ {ƛƎƳŀ 

¶ Ensure reduction or elimination in organization products or processes defects, 

wastes and excessive variation. 

¶ Business profitability can be said to be guaranteed based on past success story 

recorded by some business organization.  

¶ Elimination of cost incurred with poor quality, such as costs incurred in late 

delivery. 

¶ Cross-functional teamwork in organization is effectively harmonized to improve 

service delivery or productivity. 

¶ Effectively improve service and process efficiency in terms of time management 

and lead time in an organization. 

¶ Ensure improvement in customer satifaction, commitment or loyalty for services 

or products of an organization. 

¶ Decision making by 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. 

¶ Existing organizational cuture or practices tend to transform positvely to new 

levels and achievement.  



нт 

¶ In any business service delivery, non-value added factors which tends to slow 

delivery usually exists, however, LSS ensures substantial reduction or elimination 

of these factors for overall faster service delivery. 

¶ Substantial benefits or rewards,  such as monetary incestive for employees of an 

organization practicing LSS. 

 

2.2.2 5ŜƳŜǊƛǘǎ ƻŦ [Ŝŀƴ {ƛȄ {ƛƎƳŀ 

¶ Lack of awareness or strategic planning techniques for LSS adoptability in 

organization. 

¶ Difficulties in dismantling old organizational cultures and practices to adopt to 

change. 

¶ Lack of management to commit resources to embrace changes, and also, 

consumes time which are all essential requirement for adopting LSS. 

¶ Irrespective 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 of Lean and Six Sigma will carefully be analyzed from past 

literature reviews to have general information and their possible effects toward manag-

ing the project successfully.  

 

!ŎŎƻǊŘƛƴƎ ǘƻ /Ƙŀƴ ŀƴŘ /Ƙŀƴ όнллпύΣ ŀŎƪƴƻǿƭŜŘƎŜŘ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ƻǊƎŀƴƛȊŀǘƛƻƴǎ ŀƭǿŀȅǎ 

ǎŜŜƪ ǇǊƻƧŜŎǘ ǎǳŎŎŜǎǎ ŀǎ ǘƘŜ ŜƴŘ Ǝƻŀƭ ŦƻǊ ŜǾŜǊȅ ǇǊƻƧŜŎǘ ǘƘǊƻǳƎƘ ǾŀǊƛƻǳǎ ǇǊƻƧŜŎǘ ƛƳǇǊƻǾŜπ

ƳŜƴǘ ƳŀƴŀƎŜƳŜƴǘ ƳŜŎƘŀƴƛǎƳǎΦ ¢ƻ ŀŎƘƛŜǾŜ ǘƘŀǘΣ ƻǊƎŀƴƛȊŀǘƛƻƴǎ ŎƘŀƴƎŜŘ ŦǊƻƳ ǿƘŀǘ ǿŀǎ 

ōŜŜƴ ǇǊŀŎǘƛŎŜŘ ōŜŦƻǊŜ ǘƻ ŜƳōǊŀŎŜ ǘƘŜ [{{ ƳŜǘƘƻŘƻƭƻƎȅΣ ǿƘƛŎƘ ƻŦŦŜǊŜŘ Ŏƻƴǘƛƴǳƻǳǎ ŀƴŘ 

ŜŦŦŜŎǘƛǾŜ ƛƳǇǊƻǾŜƳŜƴǘ ƳŜŎƘŀƴƛǎƳǎ ŀƴŘ Ŏƻǎǘ ǊŜŘǳŎǘƛƻƴ όYǊƛǎƴƴŀǎǿŀƳȅ Ŝǘ ŀƭΦΣ нлмнΤ 

²ŀƴƎ ŀƴŘ /ƘŜƴΣ нлмлύΦ  
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5ŜǎǇƛǘŜ ǘƘŜ ǎǳŎŎŜǎǎŜǎ ǊŜŎƻǊŘŜŘ ōȅ ǎƻƳŜ ƻǊƎŀƴƛȊŀǘƛƻƴ ǳǎƛƴƎ [ŜŀƴΣ ŀǎ ǊŜǇƻǊǘŜŘ ōȅ /ƻǊǘŜǎ 

Ŝǘ ŀƭΦ όнлмсύΣ ǘƘŀǘ ǎƻƳŜ ŘŜŎƛǎƛƻƴπƳŀƪŜǊǎ ŀƴŘ ƳŀƴŀƎŜǊǎ ƻŦ ǎƻƳŜ ƻǊƎŀƴƛȊŀǘƛƻƴǎΣ ǿƘƻ ŀǊŜ 

ȅŜǘ ǘƻ ƛƳǇƭŜƳŜƴǘ ƛǘΣ ŀǊŜ ƴƻǘ ǎǳŦŦƛŎƛŜƴǘƭȅ ŎƻƴǾƛƴŎŜŘ ŜƴƻǳƎƘ ǘƻ ƛƴǾŜǎǘ ǘƘŜƛǊ ǘƛƳŜ ŀƴŘ ƳƻƴŜȅ 

ŦƻǊ ǘƘƛǎ ƛƳǇǊƻǾŜƳŜƴǘ ƳŜǘƘƻŘƻƭƻƎȅΦ 

 

¦ȊƻŎƘǳƪǿǳ ŀƴŘ hǎǎŀƛ όнлмсύ Ǉƻǎƛǘ ǘƘŀǘ ƻƛƭ ŀƴŘ Ǝŀǎ ƛƴŘǳǎǘǊƛŜǎ ŀǊŜ ƘŀǾƛƴƎ ŘƛŦŦƛŎǳƭǘƛŜǎ ōŜƛƴƎ 

ŎƻƳǇŜǘƛǘƛǾŜ ƛƴ ǘƘŜ Ǝƭƻōŀƭ ƳŀǊƪŜǘ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ŜŦŦŜŎǘǎ ōŜƛƴƎ ƳŀŘŜ ǘƻ ƳŜŜǘ ŎǳǎǘƻƳŜǊǎ 

ŘŜƳŀƴŘ ŀƴŘ ǘƘŜ ŘǿƛƴŘƭƛƴƎ ǇǊƛŎŜǎ ƻŦ ǘƘŜƛǊ ǇǊƻŘǳŎǘǎΦ CǳǊǘƘŜǊ ŜȄǇƭŀƛƴƛƴƎ ǘƘŀǘ ǘƘƛǎ ǘǊŜƴŘ 

ŀŦŦŜŎǘǎ ŀ ƭƻǘ ƻŦ bƛƎŜǊƛŀƴ ƻƛƭ ŀƴŘ Ǝŀǎ ŎƻƳǇŀƴƛŜǎ ŀǎ ǿŜƭƭΣ ŀƴŘ ōŀǎŜŘ ƻƴ ǘƘŜǎŜ ŎƘŀƭƭŜƴƎŜǎΣ 

ƎǊŜŀǘ ŜŦŦŜŎǘǎ ŀǊŜ Ŏƻƴǘƛƴǳƻǳǎƭȅ ōŜƛƴƎ ƳŀŘŜ ǘƻ ƻǾŜǊŎƻƳŜ ǘƘŜǎŜ ǎƛǘǳŀǘƛƻƴǎΦ  

 

Lƴ ƻǊŘŜǊ ŦƻǊ ōǳǎƛƴŜǎǎ ƻǊƎŀƴƛȊŀǘƛƻƴ ǘƻ ǊŜƳŀƛƴ Ǝƭƻōŀƭƭȅ ŎƻƳǇŜǘƛǘƛǾŜ ǎƻƳŜ ƻƛƭ ŀƴŘ Ǝŀǎ ŎƻƳπ

ǇŀƴƛŜǎ ƛƴ bƛƎŜǊƛŀ ƘŀǾŜ ōŜŜƴ ǇǊŀŎǘƛŎƛƴƎ [Ŝŀƴ ƻǊ {ƛȄ {ƛƎƳŀ ŘǳŜ ǘƻ ǘƘŜ ŦƛŜǊŎŜ ŎƻƳǇŜǘƛǘƛƻƴǎ 

ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ǊŀǇƛŘ ƎƭƻōŀƭƛȊŀǘƛƻƴ ƻŦ ōǳǎƛƴŜǎǎŜǎ ƛƴ ǘƘŜ ŎƻǳƴǘǊȅΦ 

 

¢ƘŜ ƻƛƭ ŀƴŘ Ǝŀǎ ƛƴŘǳǎǘǊȅ ƛǎ ƪƴƻǿƴ ǘƻ ōŜ ƛƳƳŜƴǎŜƭȅ ƭǳŎǊŀǘƛǾŜ ŀƴŘ ƛǎ ōŜŜƴ ǇƭŀȅŜŘ ƛƴ ŀ ƘƛƎƘƭȅ 

ŎƻƳǇŜǘƛǘƛǾŜ ŜƴǾƛǊƻƴƳŜƴǘ ƛƴ ǿƘƛŎƘ ǘƘŜ ōƛƎ ǇƭŀȅŜǊǎ ƻǊ ǘƘŜ Ƴǳƭǘƛƴŀǘƛƻƴŀƭ ƻǊƎŀƴƛȊŀǘƛƻƴǎ 

ƘŀǾŜ ƭŀǊƎŜ ǎǘŀƪŜ ό¢ǎƛƎŀ Ŝǘ ŀƭΦ нлмтύΦ  

 

aƻƘŀƳƳŜŘ ŀƴŘ {ǳƭƛƳŀƴ όнлмфύ ŎƻƴŘǳŎǘŜŘ ǊŜǎŜŀǊŎƘ ǳǎƛƴƎ ƭƛƴŜŀǊ ǊŜƎǊŜǎǎƛƻƴ ƳƻŘŜƭƭƛƴƎ 

ŦƻǊ ŘŜƭŀȅ ǇǊŜŘƛŎǘƛƻƴ ƳƻŘŜƭǎ ǘƻ ƛƴǾŜǎǘƛƎŀǘŜ ŎƛǊŎǳƳǎǘŀƴŎŜǎ ƭŜŀŘƛƴƎ ǘƻ ǇƛǇŜƭƛƴŜ ŎƻƴǎǘǊǳŎǘƛƻƴ 

ǇǊƻƧŜŎǘǎ ŘŜƭŀȅǎ ƛƴ ǘƘŜ ƻƛƭ ŀƴŘ Ǝŀǎ ǎŜŎǘƻǊ ƛƴ .ŀƘǊŀƛƴΦ ¢ƘŜƛǊ ŦƛƴŘƛƴƎΣ ǿƛǘƘ ǘƘŜ ŀƛŘ ƻŦ ǎƻƳŜ 

ǎǘŀǘƛǎǘƛŎŀƭ ǘƻƻƭǎ ǘƘǊƻǳƎƘ ǘƘƛǎ ǎǘŀǘƛǎǘƛŎŀƭ ǎƻŦǘǿŀǊŜΣ {t{{Σ ǿŀǎ ŀōƭŜ ǘƻ ŀŎƪƴƻǿƭŜŘƎŜ ǎƛƎƴƛŦƛπ

Ŏŀƴǘ ŜŦŦŜŎǘǎ ōŜǘǿŜŜƴ ǇǊƻƧŜŎǘ ǎŎƻǇŜ ǾŀǊƛŀǘƛƻƴ ŀƴŘ ŘŜƭŀȅǎ ƛƴ ƻǳǘƭƛƴƛƴƎ ƎǊƻǳƴŘǿƻǊƪ ŦƻǊ ǘƘŜ 

ǇǊƻƧŜŎǘ ƛƴ ŀƴǘƛŎƛǇŀǘƛƴƎ ǇǊƻƧŜŎǘ ŘǳǊŀǘƛƻƴ ŘŜƭŀȅǎΦ LǊǊŜǎǇŜŎǘƛǾŜ ƻŦ ŎŀǇǘǳǊƛƴƎ ƻƴƭȅ опΦо҈ ƻŦ 

ǘƘŜ ǾŀǊƛŀǘƛƻƴǎ ƛƴ ǇǊƻƧŜŎǘ ŘǳǊŀǘƛƻƴ ŘŜƭŀȅǎΣ ǘƘŜƛǊ ŀƴŀƭȅǎƛǎ ǎǘƛƭƭ ŀǎǎŜǊǘǎ ǘƘŜǎŜ ŦƛǾŜ ŘŜƭŀȅ ŦŀŎπ

ǘƻǊǎ ǎǳŎƘ ŀǎ άǇƻƻǊ ǎƛǘŜ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ǎǳǇŜǊǾƛǎƛƻƴΤ ƛƴŜŦŦƛŎƛŜƴǘ ŀƴŘ ǇƻƻǊ ǇŜǊŦƻǊƳŀƴŎŜ 

ƻŦ ŎƻƴǘǊŀŎǘƻǊǎκǎǳōŎƻƴǘǊŀŎǘƻǊǎΤ ŎƻƴǘǊŀŎǘƻǊΩǎ ƭŀŎƪ ƻŦ ǇƭŀƴƴƛƴƎ ŀǘ ǇǊŜŎƻƴǎǘǊǳŎǘƛƻƴΤ ǊŜǿƻǊƪ 

ŘǳŜ ǘƻ ŜǊǊƻǊǎΣ ƳƛǎǘŀƪŜǎ ŀƴŘ ŘŜŦŜŎǘƛǾŜ ǿƻǊƪǎ ŘǳǊƛƴƎ ŎƻƴǎǘǊǳŎǘƛƻƴΤ ŀƴŘ ŘŜƭŀȅ ƛƴ ŘǊŀǿƛƴƎ 



нф 

ǇǊŜǇŀǊŀǘƛƻƴ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘǎέ ŀǎ ƘŀǾƛƴƎ ŀ ǎǳōǎǘŀƴǘƛŀƭ ƻǳǘŎƻƳŜ ƛƴ ŀƴǘƛŎƛǇŀǘƛƴƎ ǘƘŜ Ŏƻǎǘ ƻŦ 

ŘŜƭŀȅΦ 

 

2.4 Overview of Oil and Gas Pipelines Construction 

tƛǇŜƭƛƴŜǎ ŀǊŜ ǎŜǊƛŜǎ ƻŦ Ƨƻƛƴǘ ƛƴŘƛǾƛŘǳŀƭ ǘǳōǳƭŀǊ ŎƻƴŘǳƛǘ ǘƘǊƻǳƎƘ ǿƘƛŎƘ ŦƭǳƛŘ ς ŎǊǳŘŜ ƻƛƭΣ 

ǇŜǘǊƻƭŜǳƳΣ ŘƛŜǎŜƭΣ Ƙƻǘ ǎǘŜŀƳΣ ǇŜǘǊƻŎƘŜƳƛŎŀƭǎΣ ƴŀǘǳǊŀƭ ƎŀǎΣ ǿŀǘŜǊΣ ŜǘŎΦ ς ƛǎ ǘǊŀƴǎƳƛǘǘŜŘ 

ǳƴŘŜǊ ŎƻƴǎƛŘŜǊŀōƭŜ ǇǊŜǎǎǳǊŜ ŦǊƻƳ ŀ ǎƻǳǊŎŜ ƻŦ ƻǊƛƎƛƴ ǘƻ ǾŀǊƛƻǳǎ ŘŜǎǘƛƴŀǘƛƻƴǎ ŦƻǊ ǳǎŜ 

ό{ƘŀǊƳŀ ŀƴŘ aŀƘŜǎƘǿŀǊƛΣ нлмтΤ .ƛƻǎŜΣ нлмфύΦ ¢ƘŜǎŜ ŎȅƭƛƴŘǊƛŎŀƭπǎƘŀǇŜŘ ŎƻƴŘǳƛǘǎ ŀǊŜ 

ƳŀŘŜ ƻŦ ƳŜǘŀƭ κǎǘŜŜƭ ƻǊ ǇƭŀǎǘƛŎǎ ƘŀǾƛƴƎ ǾŀǊƛƻǳǎ ǎƛȊŜǎ ŀƴŘ ƭŜƴƎǘƘǎΦ .ŀǎŜŘ ƻƴ ǘƘŜ ŀǊŜŀ ƻŦ 

ƛƴǘŜǊŜǎǘ ŦƻǊ ǘƘƛǎ ǊŜǎŜŀǊŎƘΣ ǘƘŜ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ŎŜƴǘǊŜŘ ƻƴ ǘƘŜ ǎǘŜŜƭ ǇƛǇŜǎ ŀƴŘ ǘƘŜ Ƨƻƛƴǘǎ ƻǊ 

ǿŜƭŘǎ ǳǎŜŘ ŦƻǊ ǘƘŜƳ ŀƴŘ ǘƘŜ ǾŀǊƛƻǳǎ ŀǘǘŀŎƘŜŘ ŦƛǘǘƛƴƎǎΦ ¢ƘŜ ŀǘǘŀŎƘŜŘ ǇƛǇŜ ŦƛǘǘƛƴƎǎ ƛƴŎƭǳŘŜ 

ŜƭōƻǿǎΣ ŦƭŀƴƎŜǎΣ ōŜƴŘǎΣ ǊŜŘǳŎŜǊǎΣ ǘŜŜǎΣ ǿŜƭŘƻƭŜǘǎΣ ŜǘŎΦ ό!{a9Σ нллнύΦ 

 

!ŎŎƻǊŘƛƴƎ ǘƻ {ƘŀǊƳŀ ŀƴŘ aŀƘŜǎƘǿŀǊƛ όнлмтύΣ ǎǘŀǘƛƴƎ ǘƘŀǘ ǿŜƭŘŜŘ ǇƛǇŜǎ ŀƴŘ ŦƛǘǘƛƴƎǎ ōŜŀǊ 

ƛƴǘŜǊƴŀƭ ŦƭǳƛŘ ǇǊŜǎǎǳǊŜ ƻƴŎŜ ƛƴ ǳǎŜ ŎƻƴǎǘŀƴǘƭȅΣ ŀǎ ǎǳŎƘΣ ǘƘŜ ƘƛƎƘ ǎǘǊŜƴƎǘƘ ǇƛǇŜƭƛƴŜ ƳŀǘŜǊƛπ

ŀƭǎ ŀƴŘ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ǿŜƭŘƛƴƎΣ ƛƴ ǘŜǊƳǎ ƻŦ ŀǇǇǊƻǇǊƛŀǘŜ ǎǘŀƴŘŀǊŘǎ ŀƴŘ ǘŜŎƘƴƛǉǳŜǎΣ Ǉƭŀȅ ŀ 

Ǿƛǘŀƭ ǊƻƭŜ ƛƴ ŜƴǎǳǊƛƴƎ ǊŜƭƛŀōƛƭƛǘȅ ŀƴŘ ǇǊƻŦƛǘŀōƛƭƛǘȅ ƻǾŜǊǘƛƳŜ ŦƻǊ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ǘƘŜǎŜ 

ƻƛƭ ŀƴŘ Ǝŀǎ ǇƛǇŜƭƛƴŜǎΦ CǳǊǘƘŜǊ ŜȄǇƭŀƛƴƛƴƎ ǘƘŜ ƛƴŎǊŜŀǎŜ ƛƴ ŘŜƳŀƴŘ ŀƴŘ ŘƛǎŎƻǾŜǊȅ ƻŦ ƴŜǿ 

ƭƻŎŀǘƛƻƴǎ ŦƻǊ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎΣ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ƻŦ ǘƘŜǎŜ ǇǊƻŘǳŎǘǎ ǘƘǊƻǳƎƘ ǘƘŜ ǇƛǇŜƭƛƴŜǎ 

ŎƻǳƭŘ ǎǇŀƴ ǳǇ ǘƻ ǘƘƻǳǎŀƴŘǎ ƻŦ ƪƛƭƻƳŜǘǊŜǎ ŀƴŘ ƘŜƴŎŜΣ ǘƘŜ ƻǾŜǊŀƭƭ ǿŜƭŘŀōƛƭƛǘȅ ƛƴǾƻƭǾŜŘ ŦƻǊ 

ǘƘŜ ǾŀǊƛƻǳǎ Ƨƻƛƴǘǎ ŜƴŎƻǳƴǘŜǊŜŘ ǇǊŜǎŜƴǘǎ ŜƴƻǊƳƻǳǎ ŎƘŀƭƭŜƴƎŜǎ ǘƻ ǇƛǇŜƭƛƴŜ ŜƴƎƛƴŜŜǊǎΦ 

 

¢ƘŜ ƻƛƭ ŀƴŘ Ǝŀǎ ǇƛǇŜƭƛƴŜǎ ŀƴŘ ŦƛǘǘƛƴƎǎ ŀǊŜ ƳŀƴǳŦŀŎǘǳǊŜŘ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ǿƻǊƭŘǿƛŘŜ ǎǘŀƴŘŀǊŘ 

ŀƴŘ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΣ ǎǳŎƘ ŀǎ ǘƘŜ !ƳŜǊƛŎŀƴ bŀǘƛƻƴŀƭ {ǘŀƴŘŀǊŘǎ LƴǎǘƛǘǳǘŜ ό!b{Lύ !ƳŜǊƛŎŀƴ 

tŜǘǊƻƭŜǳƳ LƴǎǘƛǘǳǘŜ ό!tLύΣ !ƳŜǊƛŎŀƴ {ƻŎƛŜǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊǎ ό!{a9ύΣ !ƳŜǊƛŎŀƴ 

{ƻŎƛŜǘȅ ŦƻǊ ¢ŜǎǘƛƴƎ ŀƴŘ aŀǘŜǊƛŀƭǎ ό!{¢aύΣ aŀƴǳŦŀŎǘǳǊŜǊǎ {ǘŀƴŘŀǊŘƛȊŀǘƛƻƴ {ƻŎƛŜǘȅ όa{{ύ 

ό.ƛƻǎŜΣ нлмфΤ !{a9Σ нллнΤ !tLΣ нлмоύΦ ¢ƘŜǎŜ ǇƛǇŜǎ ŀƴŘ ŦƛǘǘƛƴƎǎ ŀǊŜ ƳŀƴǳŦŀŎǘǳǊŜŘ ŀŎŎƻǊŘπ

ƛƴƎ ǘƻ ǾŀǊƛƻǳǎ ǊŀƴƎŜǎ ƻŦ ǎǇŜŎƛŦƛŜŘ ƻǳǘǎƛŘŜ ŘƛŀƳŜǘŜǊǎ ǎƛȊŜǎ ŀƴŘ ǿŀƭƭ ǘƘƛŎƪƴŜǎǎΦ 

¢ƘŜǎŜ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ ŀǊŜ ŎƭŀǎǎƛŦƛŜŘ ōȅ ƎǊŀŘŜǎΣ ŀŎŎƻǊŘƛƴƎ ǘƻ .ƛƻǎŜ όнлмфύΣ ǘƘŜ ƳŀǘŜǊƛŀƭ 

ƎǊŀŘŜ ŘŜƴƻǘŜǎ ǘƘŜ ŘŜǎƛƎƴŜŘ ŀƴŘ ƳŀƴǳŦŀŎǘǳǊŜŘ ǘƘƛŎƪƴŜǎǎ ƻǊ ƛƴǘŜǊƴŀƭ ǘƘƛŎƪƴŜǎǎ ƻŦ ǘƘŜ 



ол 

ǇƛǇŜƭƛƴŜǎ ŀƴŘ ŦƛǘǘƛƴƎǎ ǘƻ ǿƛǘƘǎǘŀƴŘ ƻǇŜǊŀǘƛƻƴŀƭ ǎǘǊŜǎǎŜǎ ŀƴŘ ƛƴǘŜǊƴŀƭ ŎƻǊǊƻǎƛƻƴ ŘǳǊƛƴƎ 

ǘƘŜƛǊ ŘŜǎƛƎƴ ƭƛŦŜ ǎǇŀƴΦ ¢ƘŜ ǎǘŀƴŘŀǊŘǎ ŀƴŘ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ ƻŦ ǘƘŜǎŜ ƳŀǘŜǊƛŀƭǎ ŘŜǇŜƴŘ ƻƴ ǘƘŜ 

ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǘƛƻƴ ŀƴŘ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎ ŜŀŎƘ ƳŀǘŜǊƛŀƭ ƛǎ ŘŜǎƛƎƴŀǘŜŘ ǘƻ ƻǇŜǊŀǘŜ 

ǿƛǘƘƛƴ ǘƘŜ ƛƴǘŜƴŘŜŘ ǳǎŜ ό!tLΣ нлмоύΦ 

 

!ǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ƘƛƎƘπǇǊŜǎǎǳǊŜ ŀǇǇƭƛŎŀǘƛƻƴ ƛƴǾƻƭǾŜŘ ƛƴ ƻƴǎƘƻǊŜΣ ƻŦŦǎƘƻǊŜ ƻǊ ǳƴŘŜǊƎǊƻǳƴŘ 

ƻǊ ǎǳǊŦŀŎŜ ǇƛǇŜƭƛƴŜǎ ƴŜǘǿƻǊƪΣ ǿƘƛŎƘ ǳǎǳŀƭƭȅ ƻŎŎǳǊǎ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ ǘƘŜ ƭŀǊƎŜ ǾŀǊƛŀǘƛƻƴ ƻŦ 

ǘƘŜ ŀƳōƛŜƴǘ ŎƻƴŘƛǘƛƻƴΦ IŜƴŎŜΣ ƻƛƭ ŀƴŘ Ǝŀǎ ǇƛǇŜƭƛƴŜǎ ƳŀǘŜǊƛŀƭǎ ƻŦ ǘƘŜ ŎŀǊōƻƴ ǎǘŜŜƭ ƎǊŀŘŜǎ 

ǉǳŀƭƛǘȅ ŎƻƴŦƻǊƳ ǘƻ ǘƘŜ ǿƻǊƭŘǿƛŘŜ ǎǘŀƴŘŀǊŘǎΥ !{¢a ! млс DǊŀŘŜ . ƻǊ !tL р[ DǊŀŘŜ . ŦƻǊ 

ƭƻǿπǇǊŜǎǎǳǊŜ ǊŀƴƎŜ ŀƴŘ ƘƛƎƘ ǿƻǊƪƛƴƎ ǇǊŜǎǎǳǊŜ ƻǊ ƭŀǊƎŜ ŘƛŀƳŜǘŜǊ ǎƛȊŜΣ ŀƴŘ ŀƭǎƻΣ ƛƴŎƭǳŘƛƴƎ 

ǘƘŜ ǘȅǇŜ !tL р[· ǊŀƴƎŜΣ ōŀǎŜŘ ƻƴ ŘŜǎƛƎƴǎ ŦƻǊ ǘƘŜ ǿƻǊƪƛƴƎ ǇǊŜǎǎǳǊŜ ό5twΣ мффнΤ {ƘŀǊƳŀ 

ŀƴŘ aŀƘŜǎƘǿŀǊƛΣ нлмтύΦ 

 

¢ƘŜ ŘŜƭƛǾŜǊŜŘ ǇƛǇŜǎ ŀǘ ǎƛǘŜǎΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ŦƛǘǘƛƴƎǎΣ ŀǊŜ ǳǎǳŀƭƭȅ ƭŀƛŘ ŀƭƛƎƴŜŘ ŀƭƻƴƎ ǘƘŜ ǇƛǇŜπ

ƭƛƴŜ ǊƻǳǘŜ ƛƴ ǎŜǊƛŜǎΣ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǇƛǇŜ ǎǘǊƛƴƎƛƴƎΣ ƛƴ ǇǊŜǇŀǊŀǘƛƻƴ ŦƻǊ ǿŜƭŘƛƴƎ ǇǊƻŎŜŘǳǊŜ 

ŀƴŘ ǘƘŜ ǘŜǎǘƛƴƎ ƻŦ ǘƘŜ ǿŜƭŘŜŘ ƧƻƛƴǘǎΦ ¢ƘŜ ǘŜǎǘƛƴƎ ƛƴŎƭǳŘŜǎ bƻƴŘŜǎǘǊǳŎǘƛǾŜ ǘŜǎǘƛƴƎ όb5¢ύ 

ŀƴŘ IȅŘǊƻǎǘŀǘƛŎ ό5twΣ мффнύΦ .ƻǘƘ ǘŜǎǘǎ ŜƴǎǳǊŜ ǘƘŜ ƛƴǘŜƎǊƛǘȅ ƻŦ ǘƘŜ ǿŜƭŘŜŘ ǇƛǇŜƭƛƴŜ ƴŜǘπ

ǿƻǊƪ ƧƻƛƴǘǎΦ ¢ƻ ƎǳƛŘŜ ŀƎŀƛƴǎǘ ŎƻǊǊƻǎƛƻƴΣ ǘƘŜ ŎŜǊǘƛŦƛŜŘ Ƨƻƛƴǘǎ Ƴǳǎǘ ōŜ ǎŜŀƭŜŘ ǿƛǘƘ ǘƘŜ ǊŜŎπ

ƻƳƳŜƴŘŜŘ ǇŀƛƴǘƛƴƎ ŀƴŘ ŎƻŀǘƛƴƎΣ ǎǳŎƘ ŀǎ ŜǇƻȄȅ ǊŜǎƛƴΣ ǇƻƭȅǳǊŜǘƘŀƴŜΣ Ŏƻŀƭ ǘŀǊ ŜƴŀƳŜƭΣ 

ŀǎǇƘŀƭǘ ŜƴŀƳŜƭΣ ƳŀǎǘƛŎ ŀǎǇƘŀƭǘ ŀƴŘ ǇƻƭȅŜǘƘȅƭŜƴŜ ǿǊŀǇǇŜǊ ό5twΣ мффнΤ {ŀƳƛƳƛ ŀƴŘ 

½ŀǊƛƴŀōŀŘƛΣ нлмнύΦ 

 

!ŎŎƻǊŘƛƴƎ ǘƻ 5tw όмффнύΤ !{a9 όнллнύΣ ǘƘŜ ƘȅŘǊƻǎǘŀǘƛŎ ǘŜǎǘ ƻǊ ƭŜŀƪ ǘŜǎǘ ƛƴǾƻƭǾŜǎ ǳǎƛƴƎ 

ǇǊŜǎǎǳǊƛȊŜŘ ǿŀǘŜǊ ǘƻ ǘŜǎǘΣ ǳǎǳŀƭƭȅ ƛƴ ǘƘŜ ǊŀƴƎŜ ƻŦ мΦнр ǘƻ мΦп ƳǳƭǘƛǇƭŜ ǘƘŜ ƳŀȄƛƳǳƳ ŘŜπ

ǎƛƎƴŜŘ ǿƻǊƪƛƴƎ ǇǊŜǎǎǳǊŜ ŦƻǊ ŀ ǎŜŎǘƛƻƴ ƻǊ ǘƘŜ ǿƘƻƭŜ ŎƭƻǎŜŘ ǇƛǇŜƭƛƴŜ ƴŜǘǿƻǊƪ ǳƴŘŜǊ ǎǇŜŎπ

ƛŦƛŜŘ ǘƛƳŜ ŦǊŀƳŜΦ hƴŎŜ ǘƘŜ ƛƴǘŜƎǊƛǘȅ ƻŦ ǘƘŜ ǇƛǇŜƭƛƴŜ ƴŜǘǿƻǊƪ ƛǎ ŎŜǊǘƛŦƛŜŘ ŎŀǇŀōƭŜ ƻŦ ƻǇŜǊπ

ŀǘƛƻƴŀƭ ǳǎŜΣ ǘƘŜ ǿŀǘŜǊ ƛǎ ŜȄǇǳƴƎŜŘ ōŜŦƻǊŜ ǘƘŜ ƛƴǘǊƻŘǳŎǘƛƻƴ ƻŦ ǘƘŜ ƛƴǘŜƴŘŜŘ ŦƭǳƛŘΦ  

 



ом 

5tw ƛǎ ǘƘŜ ǎǘŀǘǳǘƻǊȅ ǊŜƎǳƭŀǘƻǊȅ ōƻŘȅ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ƳƻƴƛǘƻǊƛƴƎ ŀƴŘ ŜƴǎǳǊƛƴƎ ŎƻƳǇƭƛπ

ŀƴŎŜ ƻŦ ǘƘŜ hƛƭ ŀƴŘ Dŀǎ ƛƴŘǳǎǘǊȅ ƛƴ ǘƘŜ ŎƻǳƴǘǊȅ ŦƻǊ ǘƘŜ ǎƻƭŜ ƻōƧŜŎǘƛǾŜ ƻŦ ƳŀƛƴǘŀƛƴƛƴƎ ŀǇπ

ǇǊƻǾŜŘ ǎǘŀƴŘŀǊŘǎ ƛƴ ŀƭƭ ŀŎǘƛǾƛǘƛŜǎ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ ƛƴŘǳǎǘǊȅ ό5twΣ мффнύΦ 

 

2.4.1 ²ŜƭŘƛƴƎ tǊƻŎŜŘǳǊŜ 

²ŜƭŘƛƴƎ ƛǎ ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ ŦǳǎƛƴƎ ǘǿƻ ƻǊ ƳƻǊŜ ƛǘŜƳ ƻŦ ǘƘŜ ǎŀƳŜ ƻǊ ŘƛǎǎƛƳƛƭŀǊ ƳŀǘŜǊƛŀƭǎ ǘƻ 

ōŜŎƻƳŜ ŀ ŎƻŀƭŜǎŎŜƴŎŜ ōƻŘȅ όtǊŀǎŀƴƴŀ ŀƴŘ wŀƻΣ нлмсύΦ ²ƘƛƭŜ {ƛŘƘǳ ŀƴŘ /ƘŀǘƘŀ όнлмнύ 

ŘŜŦƛƴŜŘ ǿŜƭŘƛƴƎ ŀǎ ŀ ǇǊƻŎŜǎǎ ƻŦ ƧƻƛƴƛƴƎ ǘǿƻ ǎǘŜŜƭ ǇƛŜŎŜǎ ǘƻƎŜǘƘŜǊ ōȅ ŀǇǇƭȅƛƴƎ ƘŜŀǘ ǿƘƛŎƘ 

ƳŜƭǘǎ ǘƘŜƳ ǘƻƎŜǘƘŜǊ ŦƻǊƳƛƴƎ ƳƻƭǘŜƴ ŦƛƭƭŜǊ ƳŀǘŜǊƛŀƭ ŀƴŘ ǎƻƭƛŘƛŦȅ ŀŦǘŜǊ ŎƻƻƭƛƴƎ ǘƻ ŦƻǊƳ ŀ 

ǎƛƴƎƭŜ Ŏƻƴǘƛƴǳƻǳǎ ƛǘŜƳ ό{ƛŘƘǳ ŀƴŘ /ƘŀǘƘŀΣ нлмнύΦ CǳǊǘƘŜǊƳƻǊŜΣ ŜȄǇƭŀƛƴƛƴƎ ǘƘŀǘ ǘƘŜ ǇǊƻπ

ŎŜǎǎ ǿƘƛŎƘ ŘŜǇƛŎǘǎ ǘƘŜ ǎǘǊŜƴƎǘƘ ƻŦ ǿŜƭŘƳŜƴǘ ƻŦ ǘƘŜ ƧƻƛƴŜŘ ǇƛŜŎŜ ƭŀǊƎŜƭȅ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ 

ƳŀǘŜǊƛŀƭǎ ƳŜǘŀƭƭǳǊƎȅΣ ŜƴƎŀƎŜŘ ǿŜƭŘƛƴƎ ǇǊƻŎŜǎǎ ŀƴŘ ǘƘŜ ǿŜƭŘŜǊ ǎƪƛƭƭǎ ŀƴŘ ǘŜŎƘƴƛǉǳŜǎΦ Lǘ 

Ŏŀƴ ōŜ ǳǎŜŘ ƛƴ ŘƛŦŦŜǊŜƴǘ ŜƴǾƛǊƻƴƳŜƴǘǎ ǎǳŎƘ ŀǎ ƛƴ ŜŀǊǘƘ ŀǘƳƻǎǇƘŜǊŜΣ ǳƴŘŜǊǿŀǘŜǊ ŀƴŘ 

ƻǳǘŜǊ ǎǇŀŎŜΣ ŀƴŘ ŀǎ ǎǳŎƘΣ ŀǇǇƭƛŎŀōƭŜ ƛƴ ǎŜǾŜǊŀƭ ǎŜŎǘƻǊ ƻŦ ƛƴŘǳǎǘǊȅ ς ŎƻƴǎǘǊǳŎǘƛƻƴΣ ƻƛƭ ϧ 

ƎŀǎΣ ŀƛǊŎǊŀŦǘΣ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴΣ ƳŀŎƘƛƴŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎΣ ŜǘŎΦ  

 

tǊŀǎŀƴƴŀ ŀƴŘ wŀƻ όнлмсύ ŀŦŦƛǊƳŜŘ ǘƘŀǘ ǿŜƭŘƛƴƎ ǇǊƻŎŜǎǎ ƛǎ ŎŀǘŜƎƻǊƛȊŜŘ ƛƴǘƻ ǘǿƻΥ ƭƛǉǳƛŘ 

ǎǘŀǘŜ όŦǳǎƛƻƴύ ŀƴŘ ǎƻƭƛŘ ǎǘŀǘŜ όǇǊŜǎǎǳǊŜύΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŎƻƴŘƛǘƛƻƴ ƻŦ ōŀǎŜ ƳŀǘŜǊƛŀƭΦ Cǳπ

ǎƛƻƴ ǿŜƭŘƛƴƎ ƛƴǾƻƭǾŜǎ ƘŜŀǘƛƴƎ ƻŦ ǘǿƻ ǎŜǇŀǊŀǘŜ ƳŀǘŜǊƛŀƭǎ ƻŦ ǎƛƳƛƭŀǊ ŎƻƳǇƻǎƛǘƛƻƴ ǘƻ ƳŜƭǘƛƴƎ 

Ǉƻƛƴǘ ǘƻ ŦǳǎŜΣ ǿƛǘƘ ƻǊ ǿƛǘƘƻǳǘ ǘƘŜ ŀŘŘƛǘƛƻƴ ƻŦ ŀ ŦƛƭƭŜǊ ƳŜǘŀƭ ōŜǘǿŜŜƴ ǘƘŜ Ƨƻƛƴǘ ƎŀǇǎΦ 9Ȅπ

ŀƳǇƭŜǎ ƻŦ Ŧǳǎƛƻƴ ǿŜƭŘƛƴƎ ƛƴŎƭǳŘŜ ŀǊŎ ǿŜƭŘƛƴƎΣ ƻȄȅπŦǳŜƭ Ǝŀǎ ǿŜƭŘƛƴƎΣ ǎǳōƳŜǊƎŜŘ ŀǊŎ ǿŜƭŘπ

ƛƴƎ ŀƴŘ ǊŜǎƛǎǘŀƴŎŜ ǿŜƭŘƛƴƎΦ ²ƘƛƭŜΣ ǘƘŜ ǎƻƭƛŘ ǎǘŀǘŜ ǿŜƭŘƛƴƎ ƛƴǾƻƭǾŜǎ ƧƻƛƴƛƴƎ ǎǳǊŦŀŎŜǎ ƻŦ 

ǎƛƳƛƭŀǊ ƻǊ ŘƛǎǎƛƳƛƭŀǊ ƳŀǘŜǊƛŀƭǎ ǘƻƎŜǘƘŜǊ ǘƘǊƻǳƎƘ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ǇǊŜǎǎǳǊŜ ǊŀǘƘŜǊ ǘƘŀƴ 

ƘŜŀǘΣ ŀƴŘ ƴƻ ŦƛƭƭŜǊ ƳŜǘŀƭ ƛǎ ǊŜǉǳƛǊŜŘ ό/ǊƻƴƧŜΣ нллрΤ tǊŀǎŀƴƴŀ ŀƴŘ wŀƻΣ нлмсύΦ 9ȄŀƳǇƭŜǎ 

ƻŦ ǎƻƭƛŘπǎǘŀǘŜ ǿŜƭŘƛƴƎ ƛƴŎƭǳŘŜ ŎƻƭŘ ǿŜƭŘƛƴƎΣ ŦƻǊƎŜ ǿŜƭŘƛƴƎΣ ŦǊƛŎǘƛƻƴ ǿŜƭŘƛƴƎ ŀƴŘ ǳƭǘǊŀǎƻƴƛŎ 

ǿŜƭŘƛƴƎΦ 

 

¢Ƙƛǎ ǿŜƭŘƛƴƎ ƻǇŜǊŀǘƛƻƴ ŘƻƴŜ Ƴŀƴǳŀƭƭȅ ƛǎ ǳǎŜŘ ōȅ ƳŜǘŀƭǿƻǊƪŜǊǎ ƛƴ ǘƘŜ ŦŀōǊƛŎŀǘƛƻƴΣ 

ƳŀƛƴǘŜƴŀƴŎŜ ŀƴŘ ǊŜǇŀƛǊ ǿƻǊƪǎΣ ŀŘŜǉǳŀǘŜƭȅ ŜƴǎǳǊŜǎ ǊŜƭƛŀōƛƭƛǘȅ ǘƘǊƻǳƎƘ ǘƘŜ ƳŜŎƘŀƴƛŎŀƭ 



он 

ŀƴŘ ŎƘŜƳƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ƳŀǘŜǊƛŀƭǎΣ ŀƴŘ ŀŎƘƛŜǾŜǎ ǿŀǘŜǊ ŀƴŘ ŀƛǊ ǘƛƎƘǘƴŜǎǎ ŀƴŘ ŀǇǇǊƻπ

ǇǊƛŀǘŜ ƧƻƛƴƛƴƎ ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ ǎǘǊŜƴƎǘƘ ό!ƭŀƳΣ нллрΤ {ƛŘƘǳ ŀƴŘ /ƘŀǘƘŀΣ нлмнύΦ 

 

!ǎ ǎǘƛǇǳƭŀǘŜŘ ōȅ 5tw όмффнύΣ ŀŦŦƛǊƳƛƴƎ ǘƘŜ ǿŜƭŘƛƴƎ ǉǳŀƭƛǘȅ ǎǘŀƴŘŀǊŘǎ ŦƻǊ ŀƭƭ ǇƛǇŜƭƛƴŜǎ ŀƴŘ 

ŦƛǘǘƛƴƎǎ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ǘƘŜ !tL ммлпκммлтΦ CƻǊ ŜƴƘŀƴŎƛƴƎ ǘƘŜ ǿŜƭŘƛƴƎ ǉǳŀƭƛǘȅ 

ǘƘǊƻǳƎƘ ǘƘŜ ŀǊŎ ǿŜƭŘƛƴƎ ƳŜǘƘƻŘΣ ǘƘƻǊƻǳƎƘ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƻǾŜǊ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǿŜƭŘƛƴƎ Ǉŀπ

ǊŀƳŜǘŜǊǎ ƛǎ Ǉǳǘ ƛƴǘƻ ǇǊŀŎǘƛŎŜ ōȅ ǘƘŜ ǿŜƭŘƛƴƎ ǘŜŀƳΣ ǎǳŎƘ ŀǎ ǿŜƭŘƛƴƎ ŎǳǊǊŜƴǘΣ ǿŜƭŘƛƴƎ ǎƭƻǘ 

ǘȅǇŜǎΣ ŜƭŜŎǘǊƻŘŜ ŘƛŀƳŜǘŜǊ ǎƛȊŜΣ ǿŜƭŘƛƴƎ ǘƛƳƛƴƎ ŀƴŘ ǎǇŜŜŘΣ ŜƭŜŎǘǊƻŘŜ ŀƴƎƭŜ Ǉƻǎƛǘƛƻƴ ŀƴŘ 

ŘƛǊŜŎǘƛƻƴΣ ŀǊŎ ƭŜƴƎǘƘ ǘƻ ǘƘŜ ǿƻǊƪǇƛŜŎŜΣ ŜǘŎΦ ό{ƻȅ Ŝǘ ŀƭΦΣ нлммύΦ 

 

IƻǿŜǾŜǊΣ ǿŜƭŘƛƴƎ ŜȄƘƛōƛǘ ǎŜǾŜǊŀƭ ǎƛŘŜ ŜŦŦŜŎǘǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ǿŜƭŘŜŘ ǎǘǊǳŎǘǳǊŜǎ ƛƴ 

ǘƘŜ ŦƻǊƳ ƻŦ ŘƛǎǘƻǊǘƛƻƴΣ ƳƛǎŀƭƛƎƴƳŜƴǘΣ ŘŜǎǘŀōƛƭƛȊŜ ǘƘŜ ǎǘŀǘŜΣ ƭŀŎƪ ƻŦ ǇŜƴŜǘǊŀǘƛƻƴΣ ǊŜǎƛŘǳŀƭ 

ǎǘǊŀƛƴ ŜǘŎΦ ǿƘƛŎƘ ƛƴǾŀǊƛŀōƭȅ ƭƻǿŜǊ ǘƘŜ ǎǘǊǳŎǘǳǊŀƭ ƛƴǘŜƎǊƛǘȅ ŀƴŘ ƭŀǎǎƛǘǳŘŜ ŎǊŀŎƪ ǇǊƻǇŀƎŀǘƛƻƴ 

ƭƛŦŜ ŀǊƻǳƴŘ ǘƘŜ ƘŜŀǘ ŀŦŦŜŎǘŜŘ ŀǊŜŀ όI!½ύ ƻŦ ǿŜƭŘŜŘ ǎǘǊǳŎǘǳǊŜ ό!ƭŀƳΣ нллрΤ ½ŜƛƴƻŘŘƛƴƛ Ŝǘ 

ŀƭΦΣ нлмоύΦ ¢ƘŜ ǊŜǎǳƭǘŀƴǘ ǎƛŘŜ ŜŦŦŜŎǘ ƛǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άǿŜƭŘ ŘŜŦŜŎǘέΦ ²ƘƛƭŜ {ƘŀǊƳŀ ŀƴŘ 

aŀƘŜǎƘǿŀǊƛ όнлмсύ ŦǳǊǘƘŜǊ ŜȄǇƭŀƛƴŜŘ ǘƘŀǘ ǳƴǎǳƛǘŀōƭŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴŘƛǘƛƻƴǎ ŀƴŘ ŜǊπ

ǊƻƴŜƻǳǎ ǿŜƭŘƛƴƎ ŘŜǎƛƎƴǎ ƻǊ ǇǊƻŎŜŘǳǊŜǎ Řƻ ƭŜŀŘ ǘƻ ǿŜƭŘ ŘŜŦŜŎǘΦ .ƻǘƘ ŎƛǘƛƴƎ ƛƴǎǘŀƴŎŜǎ 

ǿƘŜǊŜ ƘȅŘǊƻƎŜƴ ŜƳōǊƛǘǘƭŜƳŜƴǘ ƻǊ ŎƻǊǊƻǎƛƻƴ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ƛƳǇǊƻǇŜǊ ǿŜƭŘƛƴƎΣ ŀƴŘ ŀŘπ

ǾŜǊǎŜ ǿŜŀǘƘŜǊ ŎƻƴŘƛǘƛƻƴ ŀƴŘ ǘƘŜǊƳŀƭ ƘŜŀǘ ŘǳǊƛƴƎ ǿŜƭŘƛƴƎ ŀŎǘƛǾƛǘƛŜǎΦ 

 

.ŀǎŜŘ ƻƴ ŀ ƎŜƴŜǊŀƭ ƎǳƛŘŜ ŀǎ ǇǊƻǾƛŘŜŘ ōȅ !²{ όнлмрύΣ ƭƛǎǘŜŘ ƛƴ ¢ŀōƭŜ нΣ ǎǳƎƎŜǎǘƛƴƎ ǘƘŜ 

ŀŘŀǇǘŀǘƛƻƴ ƻŦ ǘƘŜ ǎŜǉǳŜƴŎŜ ƻŦ ǿŜƭŘƛƴƎ ŀƴŘ ƛƴǎǇŜŎǘƛƻƴ ƻǇŜǊŀǘƛƻƴǎ ƛƴǾƻƭǾƛƴƎ ǘƘŜ ǇǊŜǇŀǊŀπ

ǘƛƻƴǎΣ ŘǳǊƛƴƎΣ ŀƴŘ ŀŦǘŜǊƳŀǘƘ ƻŦ ǘƘŜ ǿŜƭŘƛƴƎ ǇǊƻŎŜŘǳǊŜΦ ¢ƘŜ ƎƛǾŜƴ ǎŜǉǳŜƴŎŜ ƻŦ ŀŎǘƛǾƛǘȅΣ 

ƘƻǿŜǾŜǊΣ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ǿŜƭŘƳŜƴǘ ǘȅǇŜΣ ƳŜǘƘƻŘ ƻŦ ŜȄŜŎǳǘƛƻƴΣ ŀƴŘ ǘƘŜ ǎǘƛǇǳƭŀǘŜŘ ǇǊƻπ

ƧŜŎǘ ŎƻƴǘǊŀŎǘ ǘŜǊƳǎΦ .ŜŦƻǊŜ ǘƘŜ ŎƻƳƳŜƴŎŜƳŜƴǘ ƻŦ ǿŜƭŘƛƴƎ ƻǇŜǊŀǘƛƻƴǎΣ ŀ ǘŀŎƪ ǿŜƭŘ ƛǎ 

ƴƻǊƳŀƭƭȅ ŘƻƴŜ ǘƻ ƘƻƭŘ ǘƘŜ ǿƻǊƪǇƛŜŎŜǎ ǘƻƎŜǘƘŜǊ ƛƴ ŎƻǊǊŜŎǘ ŀƭƛƎƴƳŜƴǘΣ ŎǊŜŀǘƛƴƎ ŀ ƎŀǇ ǘƻ 

ōŜ ŦƛƭƭŜŘ ōȅ ǘƘŜ ǿŜƭŘ ƳŜǘŀƭκ ǎƻƭƛŘƛŦƛŜŘ ǿŜƭŘ ό!{a9Σ нллнύΦ 

 



оо 

¢ŀōƭŜ нΦ ²ŜƭŘƛƴƎ ŀƴŘ ƛƴǎǇŜŎǘƛƻƴ ƻǇŜǊŀǘƛƻƴǎ ǎŜǉǳŜƴŎŜ ό!²{Σ нлмрύΦ 

 

2.4.2 {ƘƛŜƭŘ aŜǘŀƭ !ǊŎ ²ŜƭŘƛƴƎ tǊƻŎŜǎǎ 

Based on this research, shield metal arc welding (SMAW), also known as stick welding 

or manual metal arc welding,  is considered due to its major use in the country oil and 

gas pipeline construction, maintenance and repair operations. The SMAW is categorized 

under arc welding which uses a consumable stick or electrode - filler metal rod coated 

with chemicals ς to form an electric arc when placed in close contact with a base metal 

for the purpose of achieving fusion (Soy et al., 2011).  

 

Welding commences when a generated electric arc is struck by the contact between the 

tip of an electrode and the workpiece or base metal to be welded. The arc melts both 

electrode and the metal surfaces to be welded to form a weld pool of molten metal, 

with aid of the chemical coatings (flux), slag and gas is formed to protect the weld pool 

from the surrounding atmosphere. Hence, the final solidified weld cleaned to remove 

the slag coverings by chipping or wire brushing (Cronje, 2005; Genculu, 2012). 

 



оп 

An electric current, either alternating (AC) or direct current (DC), is used to generate the 

welding power supply in order to maintain constant welding, usually set between 30 to 

300 Amperes and voltage supply between 15 to 45 volts depending on electrode type 

(Cronje, 2005; electrical exam, 2018).  The workpiece is grounded as shown in Figure 2. 

 

However, prior to the commencement of welding activities, preheating may be 

necessary to raise the temperature to a desired minimum level of the workpiece based 

on applicable welding procedure specifications. The applied minimum temperature 

specifications consider the grade and thickness of the base metal and weldment size. 

Preheating involves using oxyfuel torches, resistance elements and induction coils to 

heat up the welding surface area of the base metal before commencing welding. The 

risk of crack is greatly reduced with appropriate preheating, interpass temperature 

heating and post-heating (AWS, 2015). 

 

 

CƛƎǳǊŜ нΦ {ŎƘŜƳŀǘƛŎ ǿŜƭŘƛƴƎ ǇǊƻŎŜǎǎ ƻŦ {a!² ό{ƻȅ Ŝǘ ŀƭΦΣ нлммύΦ 

 

The use of SMAW in the construction industry is based on the fact that it dominates 

other welding processes due to its reliability, low cost, versatility, simplicity and portable 

welding equipment - which can be used both indoors or in situ. 

 



ор 

2.4.2.1 ²ŜƭŘƛƴƎ 9ǉǳƛǇƳŜƴǘ 

The ideal welding equipment used for SMAW consists of welding cables, electrode 

holder, grinding tools, cleaning tools, PPE, ground clamp and an uninterrupted welding 

power supply generating set, as depicted in Figure 3. Depending on the type of electrode 

to use and desired properties of the weld, the polarity of the welding cables is 

interchanged. For the DC operated welding machine, the direct current with a negatively 

charged electrode (DCEN) heat up the electrode to achieve increasing the melting rate 

but causes a decrease in weld depth. To achieve the best penetration and bead profile, 

so swapping the polarity of the welding cable of the electrode to positively charge (DCEP) 

and the negative charge to base metal (becomes hotter), thus, ensures an increase in 

penetration of the welding and welding speed (Sidhu and Chatha, 2012). 

 

The welding machine is generally built to reduce the incoming voltage source and 

increase the amount of current for welding through the step-down transformer (Sidhu 

and Chatha, 2012).  

 

 

CƛƎǳǊŜ оΦ {ƘƛŜƭŘ ƳŜǘŀƭ ŀǊŎ ǿŜƭŘƛƴƎ ŜǉǳƛǇƳŜƴǘ όŜƭŜŎǘǊƛŎŀƭ ŜȄŀƳΣ нлмуύΦ 

 

2.4.2.2 ²ŜƭŘƛƴƎ aŀǘŜǊƛŀƭǎ 

9ƭŜŎǘǊƻŘŜǎ ƻǊ ŎƻƴǎǳƳŀōƭŜǎ ŀǊŜ ǘƘŜ ŜǎǎŜƴǘƛŀƭ ƳŀǘŜǊƛŀƭǎ ǳǎŜŘ ǘƻ ŀŎƘƛŜǾŜ Ŧǳǎƛƻƴ ƛƴ ǘƘŜ 

ǿŜƭŘƛƴƎ ǇǊƻŎŜǎǎ ŦƻǊ {a!²Φ .ŀǎŜŘ ƻƴ ǘƘŜ ǇǳǊǇƻǎŜ ƻŦ ǿŜƭŘƛƴƎ ŀƴŘ ǘƘŜ {a!²Σ ǘƘŜ ǘǿƻ 

Ƴŀƛƴ ƎǊƻǳǇ ǘȅǇŜǎ ǳǎŜŘ ŀǊŜ ǘƘŜ ƧƻƛƴƛƴƎ ŀƴŘ ŦƛƭƭŜǊ ǿŜƭŘƛƴƎ ŜƭŜŎǘǊƻŘŜǎΦ ¢ƘŜ ǎƻƭƛŘƛŦƛŜŘ ƳƻƭǘŜƴ 

ŎƻƳǇƻǎŜ ōƻǘƘ ŦƻǊƳƛƴƎ ǘƘŜ ŀǊŎ ŀƴŘ ŦƛƭƭƛƴƎ ǘƘŜ ǿŜƭŘƛƴƎ ŀǊŜŀΦ ¢ƘŜ ŘƛŀƳŜǘŜǊ ƻŦ ŜƭŜŎǘǊƻŘŜǎ 



ос 

ǾŀǊƛŜǎ ōǳǘ ǘƘŜ Ƴƻǎǘ ǳǎŜŘ ǎƛȊŜǎ ŀǊŜ нΦрл ƳƳΣ оΦнр ƳƳ ŀƴŘ пΦлл ƳƳΣ ŀƴŘ ƘŀǾƛƴƎ ƭŜƴƎǘƘǎ 

ƻŦ нл ŎƳ ǘƻ пр ŎƳ ό{ƻȅ Ŝǘ ŀƭΦΣ нлммύΦ  

 

Lǘ Ŏƻƴǎƛǎǘǎ ƻŦ ŦƭǳȄ ŎƻŀǘŜŘ ŎƻǊŜ ǿƛǊŜ ǎǘƛŎƪ ŀƴŘ ƛǘǎ ŎƭŀǎǎƛŦƛŜŘ ōȅ ǘƘŜ ǘŜƴǎƛƭŜ ǎǘǊŜƴƎǘƘ ƻŦ ǘƘŜ 

ŎƻŀǘƛƴƎ ǘȅǇŜΣ ǎǇŜŎƛŦƛŜŘ ǿŜƭŘƛƴƎ ǇƻǎƛǘƛƻƴΣ ŘŜǇƻǎƛǘŜŘ ǿŜƭŘ ƳŀǘŜǊƛŀƭΣ ǎǇŜŎƛŦƛŜŘ ŎǳǊǊŜƴǘ ŀƴŘ 

ǇƻƭŀǊƛǘȅΣ ŀǎ ŘŜǇƛŎǘŜŘ ƛƴ ¢ŀōƭŜ оΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ŎƘƻƛŎŜ ƻŦ ǘƘŜ ǘȅǇŜ ƻŦ ŜƭŜŎǘǊƻŘŜ ǘƻ ōŜ 

ǳǎŜŘ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ǘƘƛŎƪƴŜǎǎ ƻŦ ǿƻǊƪǇƛŜŎŜ ƳŀǘŜǊƛŀƭΣ ǘȅǇŜ ƻŦ ǿŜƭŘŜŘ ƳŀǘŜǊƛŀƭΣ ǿŜƭŘƛƴƎ 

ǇƻǎƛǘƛƻƴΣ ǊŜŎƻƳƳŜƴŘŜŘ ǿŜƭŘƛƴƎ ŎǳǊǊŜƴǘ ŀƴŘ ǿŜƭŘƛƴƎ ǎƭƻǘ ǘȅǇŜ όL!9!Σ нллмΤ {ƻȅ Ŝǘ ŀƭΦΣ 

нлммύΦ ¢ƘŜ ǊŜŎƻƳƳŜƴŘŜŘ ǿƻǊƭŘǿƛŘŜ ǎǘŀƴŘŀǊŘ ŜƭŜŎǘǊƻŘŜ ŦƻǊ {a!² ŎƻƳǇƭȅ ǿƛǘƘ !²{ 

{рΦм ŀƴŘ L{h нрслΦ  

 

¢ŀōƭŜ оΦ /ƭŀǎǎƛŦƛŎŀǘƛƻƴ ƻŦ ǘȅǇŜǎ ƻŦ ŜƭŜŎǘǊƻŘŜǎ ǿƛǘƘ ǎǘǊŜƴƎǘƘ ŎŀǇŀōƛƭƛǘȅ όL!9!Σ нллмύΦ 

 

 

2.4.3 bƻƴπ5ŜǎǘǊǳŎǘƛǾŜ ¢ŜǎǘƛƴƎ όb5¢ύ 

CƻǊ ǎŀŦŜǘȅ ŀƴŘ ǊŜƭƛŀōƛƭƛǘȅ ƻŦ ǿŜƭŘŜŘ ƧƻƛƴǘǎΣ ƛƳǇƻǊǘŀƴŎŜ ƛǎ ƴƻǊƳŀƭƭȅ ǇƭŀŎŜŘ ǿƛǘƘ LƴǎǇŜŎǘƛƻƴ 

ƻŦ ǿŜƭŘǎΦ IŜƴŎŜΣ ǘƘŜ b5¢ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ƘƛƎƘƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ŘǳŜ ǘƻ ǘŜŎƘƴƛǉǳŜǎ ŘŜǇƭƻȅŜŘ ǘƻ 

ǘŜǎǘ ƳŀǘŜǊƛŀƭ ǿŜƭŘŜŘ Ƨƻƛƴǘǎ ǘƘǊƻǳƎƘ ǘƘŜ ƛƴǘŜǊƴŀƭ Ŧƭŀǿǎ ƻǊ ǾƛǎƛōƭŜ ǎǳǊŦŀŎŜ Ŧƭŀǿǎ ǿƛǘƘƻǳǘ 

ƛƴǘŜǊŦŜǊƛƴƎ ǿƛǘƘ ƛǘǎ ǎǳƛǘŀōƛƭƛǘȅ ŦƻǊ ǘƘŜ ƛƴǘŜƴŘŜŘ ǇǳǊǇƻǎŜ ό±ŀƭŀǾŀƴƛǎ ŀƴŘ YƻǎƳƻƭƻǳƭƻǎΣ 

нлмлύΦ 

 

!ŎŎƻǊŘƛƴƎ ǘƻ !²{ όнлмрύ ŘŜŦƛƴŜŘ ƴƻƴπŘŜǎǘǊǳŎǘƛǾŜ ǘŜǎǘǎ ŀǎ ǇǊƻƻŦ ǘŜǎǘƛƴƎ ǘƘŜ ŘŜǎƛƎƴΣ Ƴŀπ

ǘŜǊƛŀƭǎ ŀƴŘ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƳŜǘƘƻŘǎ ƻŦ ǘƘŜ ǿŜƭŘŜŘ Ƨƻƛƴǘǎ ƛƴ ƳŜŜǘƛƴƎ ǘƘŜ ǎǘƛǇǳƭŀǘŜŘ ŘŜǎƛƎƴ 

ǊŜǉǳƛǊŜƳŜƴǘǎ ǘƻ ƎǳŀǊŘ ŀƎŀƛƴǎǘ Ƨƻƛƴǘ ǿŜŀƪƴŜǎǎ ƻǊ ŦŀƛƭǳǊŜ ƻƴŎŜ ƛƴ ƻǇŜǊŀǘƛƻƴΦ 
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!²{ όнлмрύΤ 5tw όнллмύΣ ōƻǘƘ ƭƛǎǘŜŘ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ƳŜǘƘƻŘǎ ǳǎŜŘ ŦƻǊ b5¢ ƛƴ ŜǾŀƭǳŀǘƛƴƎ 

ƳŀǘŜǊƛŀƭǎ ŀƴŘ ǿŜƭŘǎΥ ǊŀŘƛƻƎǊŀǇƘƛŎ ƛƴǎǇŜŎǘƛƻƴΣ ǳƭǘǊŀǎƻƴƛŎ ǘŜǎǘƛƴƎΣ Ǿƛǎǳŀƭ ƛƴǎǇŜŎǘƛƻƴΣ ƳŀƎπ

ƴŜǘƛŎ ǇŀǊǘƛŎƭŜ ǘŜǎǘƛƴƎΦ ¢ƘŜǎŜ ƳŜǘƘƻŘǎ ǊŜǾŜŀƭ ǿŜƭŘ ŘŜŦŜŎǘǎ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ ŘƛǎŎƻƴǘƛƴǳƛǘȅ 

ōŀǎŜŘ ƻƴ ǘƘŜ ŀǇǇƭƛŜŘ ǘŜǎǘ ǎƛƎƴŀƭΣ ǘƘǊƻǳƎƘ Ǿƛǎǳŀƭ ƻōǎŜǊǾŀǘƛƻƴ ōȅ /ŜǊǘƛŦƛŜŘ ²ŜƭŘ LƴǎǇŜŎǘƻǊǎ 

ό/²LύΦ ¢ƘŜǎŜ /²L Ŏŀƴ ǊŜŎƻƎƴƛȊŜ ǘƘŜ ǾŀǊƛƻǳǎ ǘȅǇŜǎ ƻŦ ŘŜŦŜŎǘǎ ŀƴŘ ŘŜƳŀƴŘǎ ŦƻǊ ǊŜǇŀƛǊǎ ŦƻǊ 

ǘƘŜ ŀŦŦŜŎǘŜŘ Ƨƻƛƴǘǎ ōŜŦƻǊŜ ōŜŜƴ ŎŜǊǘƛŦƛŜŘ ƴƻƴπŘŜŦŜŎǘƛǾŜ ǘƘǊƻǳƎƘ ǘƘŜ ǿŜƭŘ ƛƴǎǇŜŎǘƛƻƴ ǊŜπ

ǇƻǊǘǎ ό±ŀƭŀǾŀƴƛǎ ŀƴŘ YƻǎƳƻƭƻǳƭƻǎΣ нлмлΤ !²{Σ нлмрύΦ 

 

¢Ƙƛǎ ǘŜǎǘ Ƴŀȅ ƛƴŎƭǳŘŜ ŀ Ǿƛǎǳŀƭ ŜȄŀƳƛƴŀǘƛƻƴ ƻŦ ǿŜƭŘŜŘ Ƨƻƛƴǘǎ ǘƻ ǾŜǊƛŦȅ ŎƻǊǊŜŎǘ ǎƛȊŜ ŀƴŘ ƭƻπ

Ŏŀǘƛƻƴ ŀǎ ǎǇŜŎƛŦƛŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ŘŜǎƛƎƴ ŘǊŀǿƛƴƎǎΦ tŜƴŜǘǊŀƴǘ ƻǊ ƳŀƎƴŜǘƛŎ ǇŀǊǘƛŎƭŜ ǘŜǎǘƛƴƎ 

Ƴŀȅ ōŜ ƛƴƛǘƛŀǘŜŘ ǘƻ ŎƘŜŎƪ ŎǊŀŎƪ ŦǊŜŜ ǿŜƭŘǎ ƻǊ ǘƘŜ ƳŀŎƘƛƴŜŘ ǎŜŎǘƛƻƴ ƻŦ ǘƘŜ ƛƴǾƻƭǾŜŘ Ƴŀπ

ǘŜǊƛŀƭ ŘƻŜǎ ƴƻǘ ƛƴŘƛŎŀǘŜ ƎǊƛƴŘƛƴƎ ŎǊŀŎƪǎΦ ±ƻƭǳƳŜǘǊƛŎ ǘŜǎǘǎ ǎǳŎƘ ŀǎ ǳƭǘǊŀǎƻƴƛŎ ƻǊ ǊŀŘƛƻƎπ

ǊŀǇƘȅ όȄπǊŀȅύ ƻŦ ǿŜƭŘŜŘ Ƨƻƛƴǘǎ Ƴŀȅ ŀƭǎƻ ōŜ ŘŜǇƭƻȅŜŘ ǘƻ ŎƘŜŎƪ ŦƻǊ ŎǊŀŎƪǎΣ ƛƴŎƻƳǇƭŜǘŜ Ƨƻƛƴǘ 

ǇŜƴŜǘǊŀǘƛƻƴΣ ƛƴǘŜƳǇŜǊŀǘŜ ǇƻǊƻǎƛǘȅ ŀƴŘ ƛƴŎƻƳǇƭŜǘŜ ŎƻŀƭŜǎŎŜƴŎŜ ό!²{Σ нлмрΤ L!9!Σ нллмύΦ 

! ǊŜǾƛŜǿ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭ ǘŜǎǘ ǊŜǇƻǊǘǎ Ƴŀȅ ŀƭǎƻ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŦƻǊ ǾŜǊƛŦƛŎŀǘƛƻƴ ǇǳǊǇƻǎŜǎ ǘƻ 

ŀǎŎŜǊǘŀƛƴ ǘƘŜ ŎƻǊǊŜŎǘ ǳǎŜ ƻŦ ƳŀǘŜǊƛŀƭΦ wŜǇŀƛǊǎ ƻŦ ǘƘŜ ǘƻǘŀƭ ƻǊ ŘŜŦŜŎǘƛǾŜ ǎŜŎǘƛƻƴ ƻŦ ǘƘŜ 

ǿŜƭŘǎ Ƴǳǎǘ ōŜ ƛƴƛǘƛŀǘŜŘ ƻƴŎŜ ƛǘ Ŧŀƛƭǎ ǘƻ ƳŜŜǘ ǘƘŜ ŘŜǎƛƎƴ ŎǊƛǘŜǊƛŀ ǎǘŀƴŘŀǊŘǎΦ 

 

2.4.4 ²ŜƭŘ 5ŜŦŜŎǘǎ ŀƴŘ wŜǇŀƛǊǎ 

²ŜƭŘ ŘŜŦŜŎǘǎ Ŏŀƴ ōŜ ǊŜƎŀǊŘŜŘ ŀǎ ŘƛǎŎƻƴǘƛƴǳƛǘƛŜǎ ƻǊ ƛƳǇŜǊŦŜŎǘƛƻƴǎ ǘƘŀǘ ǎƻƳŜǘƛƳŜǎ ƻŎŎǳǊ 

ƛƴ ǿŜƭŘŜŘ ƳŀǘŜǊƛŀƭǎΩ Ƨƻƛƴǘǎ ǿƘƛŎƘ ƭŜŀŘǎ ǘƻ ǊŜƧŜŎǘƛƻƴ ōŀǎŜŘ ƻƴ ƛƴǘŜƎǊƛǘȅ ŎƻƴŘǳŎǘŜŘ ǘŜǎǘ 

ŀƴŘ ŜǾŜƴǘǳŀƭƭȅ ǊŜǇŀƛǊ ƻǊ ǊŜǇƭŀŎŜ ό!{a9Σ нллнΤ L!9!Σ нллмύΦ hƴŎŜ ǿŜƭŘ ŘŜŦŜŎǘǎ ŘŜǘŜŎǘŜŘ 

ƛƴ ŀƴȅ Ƨƻƛƴǘ ƭŜƴƎǘƘǎ ςŜƛǘƘŜǊ ǇŀǊǘƛŀƭ ƻǊ Ŧǳƭƭ π ǊŜǇŀƛǊǎ ŀǊŜ ƛƴƛǘƛŀǘŜŘ ōȅ ƎǊƛƴŘƛƴƎ ǘƘŜ ǿŜƭŘ ƳŜǘŀƭ 

ŀǿŀȅ ǿƛǘƘ ŀƴ ŀƴƎƭŜ ƎǊƛƴŘŜǊ ŀƴŘ ƛǘǎ ǊŜƳƻǾŀƭ ǾŜǊƛŦƛŜŘ ōȅ ƛƴǎǇŜŎǘƛƻƴ ǘƻ ŎƻƳƳŜƴŎŜ ǊŜπǿŜƭŘπ

ƛƴƎ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ²ŜƭŘƛƴƎ tǊƻŎŜŘǳǊŜ {ǇŜŎƛŦƛŎŀǘƛƻƴ ό²t{ύΣ ǎǳŎƘ ŀǎ !tL ммлпΣ !tL wt 

ммлт ŀƴŘ !tL wt мммм ό!{a9Σ нллнΤ 5twΣ мффнΤ ½ŜƛƴƻŘŘƛƴƛ Ŝǘ ŀƭΦΣ нлмоύΦ CǳǊǘƘŜǊƳƻǊŜΣ 

ŀƴƻǘƘŜǊ b5¢ ƻƴ ǘƘŜ ǊŜǇŀƛǊŜŘ Ƨƻƛƴǘ ƛǎ ŎƻƴŘǳŎǘŜŘ ǘƻ ǾŜǊƛŦȅ ǘƘŜ ȊŜǊƻπŘŜŦŜŎǘ ǎǘŀǘǳǎ ŀŎŎƻǊŘƛƴƎ 

ǘƻ ǘƘŜ ǿŜƭŘƛƴƎ ǇǊƻŎŜŘǳǊŜ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΦ 

 



оу 

IƻǿŜǾŜǊΣ !ƭŀƳ όнллрύ ŀǊƎǳŜŘΣ ǘƘǊƻǳƎƘ ŀ ŘƻŎǘƻǊŀƭ ǊŜǎŜŀǊŎƘ ǇŀǇŜǊΣ ǘƘŜ ƴŜƎŀǘƛǾŜ ŜŦŦŜŎǘ ƻŦ 

ǿŜƭŘ ǊŜǇŀƛǊ ƻƴ ǿŜƭŘŜŘ ƳŀǘŜǊƛŀƭǎ ƛƴ ǘŜǊƳǎ ƻŦ ƭƻǎǎ ƻŦ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎΣ ŦŀǘƛƎǳŜ ŎǊŀŎƪΣ 

ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŀƭǘŜǊŀǘƛƻƴ ƻŦ ǘƘŜ I!½ ŀƴŘ ǊŜŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ǿŜƭŘ ǊŜǎƛŘǳŀƭ ǎǘǊŜǎǎŜǎ ƛƴ ǘƘŜ 

I!½Φ ¢ƘŜ ǊŜǎŜŀǊŎƘ ǊŜǾŜŀƭŜŘΣ ǳǎƛƴƎ ǘƘǊŜŜ ǎǇŜŎƛƳŜƴ ƳŜǘŀƭ ǇƭŀǘŜǎΥ ǳƴǿŜƭŘŜŘΣ ǿŜƭŘŜŘ ŀƴŘ 

ǿŜƭŘπǊŜǇŀƛǊŜŘΣ ǘƘŀǘ ǘƘŜ ǿŜƭŘπǊŜǇŀƛǊŜŘ ǇƭŀǘŜ ǎƘƻǿŜŘ ƳǳŎƘ ƭƻǿŜǊ ŦŀǘƛƎǳŜ ƭƛŦŜ ŎƻƳǇŀǊŜŘ 

ǘƻ ǘƘŜ ǿŜƭŘŜŘ ŀƴŘ ǳƴǿŜƭŘŜŘ ǇƭŀǘŜǎΦ ¢ƘǳǎΣ ŎƻƴŎƭǳŘƛƴƎ ǘƘŜ ŎǊŀŎƪǎ ƛƴ ǘƘŜ I!½ ƻŦ ǿŜƭŘπ

ǊŜǇŀƛǊŜŘ ǇƭŀǘŜ Ƨƻƛƴǘǎ ŜȄƘƛōƛǘŜŘ ƳǳŎƘ ƭŀǊƎŜǊ ŘŜŦŜŎǘǎ ŀƴŘ ƻǘƘŜǊ ǎƛŘŜ ŜŦŦŜŎǘǎ ό!ƭŀƳΣ нллрύΦ 

 

½ŜƛƴƻŘŘƛƴƛ Ŝǘ ŀƭΦ όнлмоύΣ ǎƘƻǿŜŘ ƛƴ ŀ ǊŜǎŜŀǊŎƘ ǇǳōƭƛŎŀǘƛƻƴΣ ƛƴ ¢ŀōƭŜ пΣ ǘƘŜ ǇŀǊǘƛŀƭ ǊŜǇŀƛǊ 

ǿŜƭŘ ƻŦ ƭŜƴƎǘƘ орл ƳƳ ƻŦ ŀƴ ƻŦŦǎƘƻǊŜ ǇƛǇŜƭƛƴŜ ōŀǎŜŘ ƻƴ ǘƘŜ ŀǇǇǊƻǾŜŘ ǿŜƭŘƛƴƎ ǇŀǊŀƳŜπ

ǘŜǊǎ π tǊƻŎŜŘǳǊŜ vǳŀƭƛŦƛŎŀǘƛƻƴ wŜŎƻǊŘ όtvwύ ŀƴŘ ²t{Φ ! ǘŜǎǘ ǎŀƳǇƭŜ ƻŦ ǘƘŜ ǇƛǇŜ ƻŦ ƎǊŀŘŜ 

!tL р[ ·рн ǎǘŜŜƭ ǿƛǘƘ h5 ƻŦ нлоΦн ƳƳ όу ƛƴŎƘŜǎύ ǎƛȊŜ ŀƴŘ ǘƘƛŎƪƴŜǎǎ ƻŦ мр ƳƳΦ ¢ƘŜ ǊŜǇŀƛǊ 

ǿŀǎ ŎŀǊǊƛŜŘ ƻǳǘ ǿƛǘƘ ŀ ǉǳŀƭƛŦƛŜŘ ǿŜƭŘŜǊ ǳǎƛƴƎ ǘƘŜ {a!² ό½ŜƛƴƻŘŘƛƴƛ Ŝǘ ŀƭΦΣ нлмоύΦ 

 

¢ŀōƭŜ пΦ ²ŜƭŘƛƴƎ ǇŀǊŀƳŜǘŜǊǎ ŦƻǊ ŀ ǇŀǊǘƛŀƭ ǊŜǇŀƛǊ ǿŜƭŘƛƴƎ ό½ŜƛƴƻŘŘƛƴƛ Ŝǘ ŀƭΦΣ нлмоύΦ 

 

 

¢Ƙƛǎ ƛƴǾŜǎǘƛƎŀǘƛƻƴ ŜȄǇƭŀƛƴǎ ǘƘŜ ŀŘǾŜǊǎŜ ŜŦŦŜŎǘ ƻŦ ǘǊŀƴǎǾŜǊǎŜ ǘŜƴǎƛƭŜ ǊŜǎƛŘǳŀƭ ǎǘǊŜǎǎŜǎ ƻƴ 

ǘƘŜ ǿŜƭŘ ŀǊŜŀ ƻŦ ŀ ǇŀǊǘƛŀƭƭȅ ǊŜǇŀƛǊŜŘ ǎŜŎǘƛƻƴ ƻŦ ǎǘŜŜƭ ǇƭŀǘŜ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ƛƴƛǘƛŀƭ ǿŜƭŘƛƴƎΦ 

²ƘƛƭŜ ŀ ǇǊŜƘŜŀǘƛƴƎ ǘǊŜŀǘƳŜƴǘ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ слл ŘŜƎǊŜŜǎ /Ŝƭǎƛǳǎ ŦƻǊ м ƘƻǳǊ ǿŀǎ ƴŜπ

ŎŜǎǎƛǘŀǘŜŘ ŀƴŘ ǎǳōǎŜǉǳŜƴǘ ŎƻƻƭƛƴƎ ǘƻ ŀƳōƛŜƴǘ ǘŜƳǇŜǊŀǘǳǊŜ ǿƛǘƘ ŀ ŦǳǊƴŀŎŜΦ 

 

²ŜƭŘ ƛƳǇŜǊŦŜŎǘƛƻƴǎ ƘŀǾŜ ǎŜǾŜǊŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŀƴŘ ǊŜƳŜŘƛŜǎΣ ǿƘƛŎƘ ǘŜƴŘǎ ǘƻ ƻŎŎǳǊ ŀǘ 

ǘƘŜ ǿŜƭŘ ǘƻŜ ƻǊ ǿŜƭŘ ǘŜǊƳƛƴŀǘƛƻƴΣ ŀǎ ŘŜǎŎǊƛōŜŘ ōȅ !ƭŀƳ όнллрύΣ ǘƘǳǎΣ ƘƛƎƘƭƛƎƘǘƛƴƎ ǘƘŜǎŜ 

ŘƛŦŦŜǊŜƴǘ ǿŜƭŘ ƛƳǇŜǊŦŜŎǘƛƻƴǎΦ 



оф 

 

CƛƎǳǊŜ пΦ ±ŀǊƛƻǳǎ ǿŜƭŘ ƛƳǇŜǊŦŜŎǘƛƻƴǎ ƛƴ ōǳǘǘ ǿŜƭŘ Ƨƻƛƴǘǎ ό!ƭŀƳΣ нллрύΦ 

 

As highlighted by Alam (2005), the typical weld imperfections in Figure 4, displays posi-

tional occurrences of several types of weld defects in a cross-sectional piece of metal. 

While, in Table 5, the possible causes and remedies of these different types of weld de-

fects as presented.  

 

¢ŀōƭŜ рΦ ¢ȅǇŜǎ ƻŦ ǿŜƭŘƛƴƎ ŘŜŦŜŎǘǎ ŀƴŘ ǊŜƳŜŘƛŜǎ ό²ŜƭŘŜǊ tƻǊǘŜǊΣ нлнлύΦ 

{κb  

¢ȅǇŜǎ ƻŦ ²ŜƭŘƛƴƎ 5Ŝπ

ŦŜŎǘǎ 

 

/ŀǳǎŜǎ 

 

/ƻǊǊŜŎǘƛǾŜ aŜŀǎǳǊŜǎ 

мΦ  

tƻǊƻǎƛǘȅ 

 

¢Ƙƛǎ ƛǎ ŘǳŜ ǘƻ ǿŜƭŘ ƳŜǘŀƭ 

ŎƻƴǘŀƳƛƴŀǘƛƻƴΦ .ǳōōƭŜπ

ŦƛƭƭŜŘ ǿŜƭŘ ƻŎŎǳǊǎ ǘƘŀǘ 

ǿŜŀƪŜƴǎ ƻǾŜǊǘƛƳŜ ŀǎ ŀ ǊŜπ

ǎǳƭǘ ƻŦ ǘǊŀǇǇŜŘ ƎŀǎŜǎΦ 

 

¶ /ƻƴǘŀƳƛƴŀǘŜŘ ǿŜƭŘƛƴƎ 

ǎǳǊŦŀŎŜǎΣ ǎǳŎƘ ŀǎ ǊǳǎǘΣ 

ǇŀƛƴǘΣ ƻƛƭκƎǊŜŀǎŜ 

¶ ²ǊƻƴƎ ǎǳǊŦŀŎŜ ǘǊŜŀǘπ

ƳŜƴǘ 

¶ IƛƎƘ ƳƻƛǎǘǳǊŜ ŎƻƴǘŜƴǘ 

ŀǘ ǎǳǊǊƻǳƴŘƛƴƎ 

¶ ¢ƻƻ ƭƻƴƎ ŀǊŎ 

¶ LƴǎǳŦŦƛŎƛŜƴǘ ŜƭŜŎǘǊƻŘŜ 

ŘŜƻȄƛŘŀƴǘ 

¶ tǊƻǇŜǊ ŎƭŜŀƴƛƴƎ ƻŦ 

ǿŜƭŘƛƴƎ ǎǳǊŦŀŎŜǎ 

¶ /ƻǊǊŜŎǘ ŀǊŎ ƭŜƴƎǘƘ  

¶ !ǇǇǊƻǇǊƛŀǘŜ ǿŜƭŘ 

ǎǇŜŜŘ 

¶ ¦ǎŜ ŀǇǇǊƻǇǊƛŀǘŜƭȅ 

ǎǘƻǊŜŘ ϧŘǊȅ ŜƭŜŎπ

ǘǊƻŘŜ 

¶ tǊƻǇŜǊ ǿŜƭŘ ǘŜŎƘπ

ƴƛǉǳŜ 

нΦ  

LƴŎƻƳǇƭŜǘŜ Cǳǎƛƻƴ 

 

¶ ¢ƻƻ ƳǳŎƘ ǿŜƭŘ ǎǇŜŜŘ 

ǳǎŀƎŜ  

¶ hǾŜǊŦƭƻǿƛƴƎ ǿŜƭŘ Ǉƻƻƭ 

¶ tǊƻǇŜǊ ŎƭŜŀƴƛƴƎ ƻŦ 

ǿŜƭŘƛƴƎ ǎǳǊŦŀŎŜǎ 

¶ tǊŜǾŜƴǘ ƻǾŜǊŦƭƻǿƛƴƎ 

ǿŜƭŘ Ǉƻƻƭ 



пл 

¢Ƙƛǎ ƻŎŎǳǊǎ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ 

ƛƳǇǊƻǇŜǊ Ŧǳǎƛƻƴ ōŜǘǿŜŜƴ 

ǿŜƭŘ ōŜŀŘ ŀƴŘ ōŀǎŜ ƳŜǘŀƭΦ  

 

¶ /ƻƴǘŀƳƛƴŀǘŜŘ ǿŜƭŘƛƴƎ 

ǎǳǊŦŀŎŜǎΣ ǎǳŎƘ ŀǎ ǊǳǎǘΣ 

ǇŀƛƴǘΣ ƻƛƭκƎǊŜŀǎŜ 

¶ ²ǊƻƴƎ ŜƭŜŎǘǊƻŘŜ ŀƴƎƭŜ 

Ǉƻǎƛǘƛƻƴ 

¶ LƴŀǇǇǊƻǇǊƛŀǘŜ ŜƭŜŎπ

ǘǊƻŘŜ ǘȅǇŜ ŦƻǊ ōŀǎŜ 

ƳŜǘŀƭ 

¶ LƴǎǳŦŦƛŎƛŜƴǘ ƘŜŀǘ ƛƴǇǳǘ 

¶ wŜŘǳŎŜ ŘŜǇƻǎƛǘƛƻƴ 

ǊŀǘŜ 

 

 

оΦ  

LƴŎƻƳǇƭŜǘŜ tŜƴŜǘǊŀǘƛƻƴ 

 

¢Ƙƛǎ ƻŎŎǳǊǎ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ƛƴπ

ŎƻƳǇƭŜǘŜ ŦƛƭƭƛƴƎ ƻŦ ǘƘŜ ƎǊƻǾŜ 

ŘŜǇǘƘ ϧ ŎǊŜŀǘƛƴƎ ǾƻƛŘ ŀǘ ǘƘŜ 

Ƨƻƛƴǘ ŘŜǇǘƘΦ  

 

¶ LƴǎǳŦŦƛŎƛŜƴǘ ƘŜŀǘ ƛƴǇǳǘ 

¶ hǾŜǊŦƭƻǿƛƴƎ ǿŜƭŘ Ǉƻƻƭ 

¶ /ƻƴǘŀƳƛƴŀǘŜŘ ǿŜƭŘƛƴƎ 

ǎǳǊŦŀŎŜǎΣ ǎǳŎƘ ŀǎ ǊǳǎǘΣ 

ǇŀƛƴǘΣ ƻƛƭκƎǊŜŀǎŜ 

¶ ²ǊƻƴƎ ŜƭŜŎǘǊƻŘŜ ŀƴƎƭŜ 

Ǉƻǎƛǘƛƻƴ 

¶ LƴŀǇǇǊƻǇǊƛŀǘŜ  ŜƭŜŎπ

ǘǊƻŘŜ ǘȅǇŜ ŦƻǊ ōŀǎŜ 

ƳŜǘŀƭ 

¶ tǊƻǇŜǊ ŎƭŜŀƴƛƴƎ ƻŦ 

ǿŜƭŘƛƴƎ ǎǳǊŦŀŎŜǎ 

¶ tǊŜǾŜƴǘ ƻǾŜǊŦƭƻǿƛƴƎ 

ǿŜƭŘ Ǉƻƻƭ 

¶ wŜŘǳŎŜ ŘŜǇƻǎƛǘƛƻƴ 

ǊŀǘŜ 

 

 

пΦ  

{ƭŀƎ LƴŎƭǳǎƛƻƴ 

 

¢Ƙƛǎ ƻŎŎǳǊǎ ǿƘŜƴ ǎƭŀƎ ƛǎ 

ŦƻǊƳŜŘ ŦǊƻƳ ǘƘŜ ŦƭǳȄ Ŏƻŀǘπ

ƛƴƎ ŘǳǊƛƴƎ ǿŜƭŘƛƴƎ ŀƴŘ 

ƳƛȄŜǎ ǿƛǘƘ ǿŜƭŘ ƳŜǘŀƭΦ  

 

¶ ¢ƻƻ ƳǳŎƘ ǿŜƭŘ ǎǇŜŜŘ 

ǳǎŀƎŜ  

¶ LƳǇǊƻǇŜǊ ŎƭŜŀƴƛƴƎ ƻŦ 

ŜŀŎƘ ǿŜƭŘ Ǉŀǎǎ ōŜŦƻǊŜ 

ǘƘŜ ƴŜȄǘ Ǉŀǎǎ 

¶ ¢ƻƻ ƭƻǿ ǿŜƭŘ ŎǳǊǊŜƴǘ 

ǳǎŀƎŜ 

¶ LƴǎǳŦŦƛŎƛŜƴǘ ŎƭŜŀƴƛƴƎ  

¶ CŀǎǘŜǊ ŎƻƻƭƛƴƎ ƻŦ ǿŜƭŘ 

Ǉƻƻƭ 

 

¶ ¦ǎŜ ŎƻǊǊŜŎǘ ǿŜƭŘ ŎǳǊπ

ǊŜƴǘ 

¶ ¦ǎŜ ǇǊƻǇŜǊ ŜƭŜŎπ

ǘǊƻŘŜ ŀƴƎƭŜ 

¶ 9ƴǎǳǊŜ ŀǇǇǊƻǇǊƛŀǘŜ 

ŎƻƻƭƛƴƎ ƻŦ ǿŜƭŘ Ǉƻƻƭ 

¶ wŜƳƻǾŀƭ ƻŦ ǎƭŀƎ ǊŜƎπ

ǳƭŀǊƭȅ ōȅ ǿƛǊŜ ōǊǳǎƘπ

ƛƴƎ 

¶ !ǇǇǊƻǇǊƛŀǘŜ ǿŜƭŘ 

ǎǇŜŜŘ 

рΦ  

{ǇŀǘǘŜǊ 

 

¢Ƙƛǎ ƻŎŎǳǊǎ ŀǎ ǘƛƴȅ ǎƻƭƛŘƛŦƛŜŘ 

ǇŀǊǘƛŎƭŜǎ ŦǊƻƳ ǘƘŜ ǿŜƭŘ 

¶ ¢ƻƻ ƘƛƎƘ ǿŜƭŘ ŎǳǊǊŜƴǘ 

ǳǎŀƎŜ  

¶ ¢ƻƻ ƭƻǿ ǾƻƭǘŀƎŜ ǳǎŀƎŜ 

¶ /ƻƴǘŀƳƛƴŀǘŜŘ ǎǳǊŦŀŎŜ 

¶ ¦ƴǎǘŀōƭŜ ǿƛǊŜ ŦŜŜŘƛƴƎ 

¶ ¢ƻƻ ƭƻƴƎ ŀǊŎ ǳǎŀƎŜ 

¶ tǊƻǇŜǊ ŎƭŜŀƴƛƴƎ ƻŦ 

ǿŜƭŘƛƴƎ ǎǳǊŦŀŎŜ 

¶ ¦ǎŜ ǇǊƻǇŜǊ ŜƭŜŎπ

ǘǊƻŘŜ ŀƴƎƭŜ 

¶ /ƻǊǊŜŎǘ ǇƻƭŀǊƛǘȅ ǳǎπ

ŀƎŜ 



пм 

Ǉƻƻƭ ǎŎŀǘǘŜǊƛƴƎ ŀƭƻƴƎ ǘƘŜ 

ǿŜƭŘ ǇŀǘƘΦ  

 

¶ ²ǊƻƴƎ ŜƭŜŎǘǊƻŘŜ ŀƴƎƭŜ 

Ǉƻǎƛǘƛƻƴ 

¶ ²ǊƻƴƎ ǇƻƭŀǊƛǘȅ ǳǎŀƎŜ 

¶ /ƻǊǊŜŎǘ ŀǊŎ ƭŜƴƎǘƘ 

¶ !ǇǇǊƻǇǊƛŀǘŜ ŎǳǊǊŜƴǘ 

ϧ ǾƻƭǘŀƎŜ 

сΦ  

¦ƴŘŜǊŎǳǘ 

 

¢Ƙƛǎ ƻŎŎǳǊǎ ŀǎ ƎǊƻƻǾŜ ŦƻǊπ

Ƴŀǘƛƻƴ ŀǘ ǘƘŜ ŜŘƎŜǎ ƻŦ ǘƘŜ 

ǿƛŘǘƘ ƻŦ ǿŜƭŘǎ ƻǊ ǿŜƭŘ ǘƻŜ 

ŀƴŘ ƭŜŦǘ ǳƴŦƛƭƭŜŘ ōȅ ǿŜƭŘ 

ƳŜǘŀƭΦ  

 

¶ ¢ƻƻ ƳǳŎƘ ǿŜƭŘ ǎǇŜŜŘ 

ǳǎŀƎŜ  

¶ ²ǊƻƴƎ ŦƛƭƭŜǊ ƳŜǘŀƭ 

¶ ¢ƻƻ ƘƛƎƘ ǿŜƭŘ ŎǳǊǊŜƴǘ 

ǳǎŀƎŜ 

¶ LƴŀǇǇǊƻǇǊƛŀǘŜ ǿŜƭŘ 

ǘŜŎƘƴƛǉǳŜ 

¶ ¢ƻƻ ƭƻƴƎ ŜƭŜŎǘǊƻŘŜ ǳǎπ

ŀƎŜ 

¶ ²ǊƻƴƎ ŜƭŜŎǘǊƻŘŜ ŀƴƎƭŜ 

Ǉƻǎƛǘƛƻƴ 

¶ ¦ǎŜ ŀǇǇǊƻǇǊƛŀǘŜ 

ǿŜƭŘƛƴƎ ǘŜŎƘƴƛǉǳŜ 

¶ ¦ǎŜ ǇǊƻǇŜǊ ŜƭŜŎπ

ǘǊƻŘŜ ŀƴƎƭŜ 

¶ !ǇǇǊƻǇǊƛŀǘŜ ŎǳǊǊŜƴǘ 

ǳǎŀƎŜ 

¶ /ƻǊǊŜŎǘ ŀǊŎ ƭŜƴƎǘƘ 

¶ !ǇǇǊƻǇǊƛŀǘŜ ǿŜƭŘ 

ǎǇŜŜŘ 
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3 RESEARCH METHODOLOGY 

This chapter might be regarded as the core essence of this research. This arises from the 

fact that the research methodology adopted ensures clarity to the research topic. The 

contents of the previous chapters, especially the literature review, formed the basal 

structure for the research methodology. 

 

The central point of interest for this research methodology lies in the data analysis, 

where the gathered data is further split into two main sections in order to recommend 

a possible resolution to the problems. The first part (Section 1) centers on the analysis 

of the primary data through the returned survey questionnaire. While the second part 

(Section 2) focuses on the DMAIC of Lean Six Sigma. 

 

The importance of research methodology according to Remenyi et al. (1998), explaining 

that research methodology seeks ways research problem is confronted and usually in-

volves the procedure selected towards theories, research techniques, data gathering 

and analysis scheme. While, Umude-Igbru (2017), affirmed the significance of research 

methodology adaptation by a researcher as high dependence on the type of research 

problems and the solutions it seeks to obtain. 

 

The integrity of the adopted methodology is critical to the reliability and validity of the 

study and its subsequent findings. Thus, the essence of this chapter will shed light on 

the methods, techniques and tools selected towards achieving the research goals. 

 

3.1 Research Methodology Flowchart 

The flowchart depicts the overall flow of the research, which encompasses the three 

stages ς starting from the initial research consideration to the final research resolution, 

as depicted in Figure 5. 
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CƛƎǳǊŜ рΦ wŜǎŜŀǊŎƘ ƳŜǘƘƻŘƻƭƻƎȅ ŦƭƻǿŎƘŀǊǘΦ 

 

tǊƻōƭŜƳ {ǘŀǘŜƳŜƴǘ 

wŜǎŜŀǊŎƘ !ǇǇŀǊŀǘǳǎΥ 

мΦ  [ƛǘŜǊŀǘǳǊŜ wŜǾƛŜǿ 

нΦ  aǳƭǘƛπŎŀǎŜ {ǘǳŘȅ 

оΦ  !ǊŎƘƛǾŀƭ ŘƻŎǳƳŜƴǘǎ 

пΦ  LƴǘŜǊǾƛŜǿ 

рΦ  {ǳǊǾŜȅ vǳŜǎǘƛƻƴƴŀƛǊŜ 

wŜǎǇƻƴŘŜƴǘǎΥ 

tǊƻƧŜŎǘ ƳŀƴŀƎƛƴƎ ǘŜŀƳ ϧ ǿŜƭŘŜǊǎ 

9ǎǘŀōƭƛǎƘ tǳǊǾƛŜǿ ϧ Dƻŀƭǎ ƻŦ wŜǎŜŀǊŎƘ 

{ǘŀƎŜ мΥ wŜǎŜŀǊŎƘ tǊƻōƭŜƳ  

{ǘŀƎŜ нΥ 5ŀǘŀ /ƻƭƭŜŎǘƛƻƴ 

 [ƛǘŜǊŀǘǳǊŜ tǊŜǾƛŜǿ 

{ǘŀƎŜ оΥ 5ŀǘŀ !ƴŀƭȅǎƛǎ  {ŜŎǘƛƻƴ м ό{ǳǊǾŜȅύΥ 

мΦ [ƛƪŜǊǘ {ŎŀƭŜ 

нΦ wLL 

оΦ {ǘŀǘƛǎǘƛŎŀƭ !ƴŀƭȅǎƛǎ 

пΦ IȅǇƻǘƘŜǎƛǎ ¢ŜǎǘƛƴƎ 

{ŜŎǘƛƻƴ н ό5a!L/ύΥ  

мΦ 5tah ϧ {ƛƎƳŀ [ŜǾŜƭ 

нΦ tŀǊŜǘƻ /ƘŀǊǘ ϧ !bh±! 

оΦ р²πмI ϧ CL{I.hb9 

пΦ Ca9! ϧ {t/ 

{ǘŀƎŜ пΥ !ŎƘƛŜǾŜ 

wŜǎŜŀǊŎƘ hōƧŜŎǘƛǾŜ 

/ƻƴŎƭǳǎƛƻƴ ϧ wŜŎƻƳƳŜƴŘŀǘƛƻƴ 
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3.2 Research Strategy 

For this research to thoroughly review and understand the subject matter, an appropri-

ate design and strategy must be adopted that utilizes the in-depth research phenome-

non to tackle the research problem.  

 

Research strategy can be described as the utilization of appropriate tools to tackle pe-

culiar research problems by the researcher (Umude-Igbru (2017). Further stating that 

selection of these strategies by the researcher is prone to the philosophical atmosphere 

surrounding the given research. Hence, the qualitative and quantitative approaches en-

sure effective utilization of the obtained data through the adopted survey and case stud-

ies research strategy as deem appropriate in attaining the objective of the research.  

 

3.3 Research Sampling 

3.3.1 {ǘǳŘȅ tƻǇǳƭŀǘƛƻƴ 

The target study population for Lagos State consisting of fifty-one (51) oil and gas pipe-

line construction firms operating and registered with the Department of Petroleum Re-

sources, the government regulatory body responsible for the oil and gas industry (DPR, 

2018; Occhiali, 2018; Aigboduwa and Oisamoje, 2013). However, the study eventually 

selected two (2) companies with a valid response to this research, which is 4% of the 

target population. 

 

3.3.2 {ŀƳǇƭŜ {ƛȊŜ 

To instil statistical confidence in any available data, an appropriate magnitude of sample 

size is ensured for data analysis and interpretation (Zadeh et al., 2014). As a result of the 

two combined companies used for the research, the population size of interest involving 

the project team members in administrating and controlling the pipeline construction 

operations is sixty-four (64). This comprises the project managers, project engineers, 

site engineers, welders and fitters. So the expected sample size of respondents is fifty-



пр 

five (55) based on the sample size formula, with a 90% Confidence Level and +/-7% Mar-

gin of Error (Lohr, 1999). 

 

3.4 Research Methods 

The research methods adopted both quantitative and qualitative research methodolo-

gies. The adopted selection depends on the researcher and the criteria involved for the 

research designs, as such targeting the data collection and analysis (Umude-Igbru, 2017). 

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

άƳƛȄŜŘ-ƳŜǘƘƻŘ ǊŜǎŜŀǊŎƘέΣ ŀƴŘ ōŀǎŜŘ ƻƴ ǎǘǊƻƴƎ ǎǳƎƎŜǎǘion within the research commu-

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 appropriate conclusions for the re-

search works. 

 

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

questionnaire surveys and case study. All this method ensures adequate data collection.  

 

3.4.1 /ŀǎŜ {ǘǳŘȅ 

Utilizing a case study approach enables a researcher to have a clear understanding of 

ŀƴȅ ƻǊƎŀƴƛȊŀǘƛƻƴǎΩ ƴŀǘǳǊŀƭ ǎŜǘǘƛƴƎǎ ƻŦ ǾŀǊƛƻǳǎ ŜƴǘƛǘƛŜǎ under investigation such as con-

temporary phenomenon, for the purpose of data gathering from active participants 

within such entities and unrestricted controls or boundaries (Hartley, 2004). While 

Umude-Igbru (2017), states the importance of a case study to a researcher in the form 

of noting the various diverse aspects of the contemporary phenomenon and explore any 

possible relationship of any given process conducted within a natural context.  
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Case study research entails single or multiple case studies. For the sake of this research, 

multiple case studies were adopted, which considers more than one or multiple compa-

nies for any possibility of comparing and understanding any contemporary phenomenon 

involved among them (Eisenhardt and Graebner, 2007). 

 

Hence, the first case, referred to 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, referred 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. 

 

3.4.2 LƴǘŜǊǾƛŜǿǎ 

Interviews can be regarded as an essential means of qualitative research to collect data 

for the purpose of acquiring information, opinions, in-depth understanding, experiences 

and perspectives of key actors involved in the day to day operations of an event or 

organization.  

 

For this research, semi-structured and unstructured interviews were adopted and were 

conducted over the phone with the pipeline project managing team, includes the project 

managers, project engineers, quality engineers, site engineers, mechanical engineers, 

technicians, welders and fitters. Several interactions, discussions and questioning en-

sued, which shed light on the selection of the four influencing factors or groups associ-

ated with pipeline welding quality ς environment, machine, materials and man. 

 

3.4.3 vǳŜǎƛƻƴƴŀƛǊŜ {ǳǊǾŜȅ 

The questionnaire ensures the passage about ƛƴŦƻǊƳŀǘƛƻƴ ƻŦ ǊŜǎǇƻƴŘŜƴǘǎΩ ƪƴƻǿƭŜŘƎŜ 

and opinions to the research work. According to Mohamed et al. (2019); Saunders et al. 
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(2009), explaining the essence of a questionnaire as a means for conducting explanatory 

and descriptive research phenomena of cause-effect relationships or the involved trait 

and impression by a researcher. The obtained data tends to be reliable based on the 

direct sources knowledge and opinions readily availability. Thus, taking the data as the 

primary data. 

 

The formulation of the questionnaire came primarily from the plethora of literature 

sources and extensive conducted interviews. Using this approach ensure wide coverage 

of various possibilities of causes for pipeline weld quality. The respondents of the survey 

questionnaires target the ŎƻƳǇŀƴƛŜǎΩ project managers, project engineers, quality engi-

neers, site engineers, mechanical engineers, technicians, welders and fitters. With the 

use of VOE, the collected survey results ensure appropriate feedback in terms of tech-

nical and in-depth knowledge regarding pipeline construction operations. 

 

The questionnaires are administrated through electronic mail and a web-based link, 

which directs respondents with the provided link. Prior phone calls were made before 

sending the questionnaires to explain the essence and permission to respondents of the 

two case companies. The questionnaire composed of open-ended and closed-ended 

questions. The open-ended questions, being a qualitative approach, validate the data 

collection by ensuring the inputs of the respondents are of their own words and opinions 

rather than an imposition of predetermined responses notably with the closed-ended 

questions been used as a quantitative approach (Denni-Fiberesima and Rani, 2011). 

 

The questionnaire is divided into three main parts. SECTION ONE relates to general in-

ŦƻǊƳŀǘƛƻƴ ŦƻǊ ōƻǘƘ ŎƻƳǇŀƴƛŜǎΩ ǊŜǎǇƻƴŘŜƴǘǎΦ {9/¢Lhb ¢²h ǊŜƭŀǘŜǎ to the pipeline pro-

ject managing personnel responding to questions relating to the four dependent influ-

encing factors or categories associated with pipeline welding quality ς environment, ma-

chine, materials and man. And SECTION THREE relates to the pipeline welders. 
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In the closed-ended questions, respondents must select their opinions or level of effect 

in each of the numbered questions and statements of the questionnaire appropriately. 

Each of the four dependent factors has pertinent questions and statements followed by 

a six-point Likert scale. The scale ranged from όмύΣ ǊŜǇǊŜǎŜƴǘǎ άbƻ ƻǇƛƴƛƻƴέΤ όнύΣ ǊŜǇǊŜπ

ǎŜƴǘǎ ά5ƻŜǎ ƴƻǘ ŀŦŦŜŎǘέΤ όоύΣ ǊŜǇǊŜǎŜƴǘǎ ά{ƭƛƎƘǘƭȅ ŀŦŦŜŎǘέΤ όпύΣ ǊŜǇǊŜǎŜƴǘǎ ά!ŦŦŜŎǘέΤ όрύΣ 

ǊŜǇǊŜǎŜƴǘǎ ά{ǘǊƻƴƎƭȅ ŀŦŦŜŎǘέΤ ŀƴŘ όсύΣ ǊŜǇǊŜǎŜƴǘǎ ά9ȄǘǊŜƳŜƭȅ ŀŦŦŜŎǘέ.  

 

To ensure validity and reliability of the questionnaire, the άbƻ ƻǇƛƴƛƻƴέ ƻǇǘƛƻƴ entails 

respondents are not boxed in answering questions they do not know rather than leaving 

blank unanswered questions or invalid feedback. Also, further effects are made to re-

spondents on how to go about the questionnaire process through further information, 

explanation of terminology and motivation to promptly complete the questionnaire 

through further reminders by email and phone follow-ups (Denni-Fiberesima and Rani, 

2011). Otherwise, according to Russell (1994), respondents giving invalid feedback occur 

when participants are unskilled or misunderstood the importance of questionnaires 

(Russell, 1994).   

 

3.5 Data Collection 

As a means to ascertain the facts and reliability for research work, the researcher must 

ensure appropriate methods are effectively deployed to obtain correct data in the 

course of its gathering. This affirmation is based on Umude-Igbru (2017), stating in a 

doctoral publication, that data collection involves systematic methods and techniques 

employed by a researcher to acquire and analyze data correctly in a structured and reli-

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

 

Primary and secondary data sources formed a critical role in the research. This multiple 

data approach ensures optimum use in terms of richness and depth of knowledge to any 

research work (Inkoom and Biney, 2010). 
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The obtained primary data comprises: 

¶ Questionnaire submitted to the project team 

¶ In-depth interviews among project team 

¶ Observation of welding processes 

¶ Archival data through bƻǘƘ ŎƻƳǇŀƴƛŜǎΩ weld inspection report for the year 2019 

 

The obtained secondary data comprise the literature review. The obtained academic 

sources formed the theoretical framework by providing pertinent information and 

guides for the research, especially in the peculiar area of interest. 

 

3.5.1 {ǳǊǾŜȅ wŜǎǇƻƴǎŜ wŀǘŜ 

For the purpose of data collection, out of a total of 64 questionnaires distributed to both 

companies, the returned and properly filled questionnaires were 59 respondents, which 

shows 92% of response rate for analysis. This number exceeded the calculated sample 

size of 55 respondents. While each case company questionnaire response rate shows 

91% for company A, and company B shows 93%, as depicted in Table 6.   

 

The respondents were informed of the survey commencement through various emails, 

text messages and calls, while the period of collection of questionnaire span 5 weeks. 

All the returned questionnaires came through the provided web-based link and my col-

lege email.    

 

¢ŀōƭŜ сΦ ²ƻǊƪŦƻǊŎŜ ŀƴŘ ǎǳǊǾŜȅ ǊŜǎǇƻƴǎŜ ǊŀǘŜ ƻŦ ŎŀǎŜ ŎƻƳǇŀƴƛŜǎΩ ǇƛǇŜƭƛƴŜ ŎƻƴǎǘǊǳŎǘƛƻƴ 
ǘŜŀƳ ό{ǳǊǾŜȅΣ нлнлύΦ 

/ŀǎŜ 

ŎƻƳǇŀƴƛŜǎ 

/ƻƳǇŀƴȅ ǎŜŎǘƻǊ 9ƳǇƭƻȅŜŜǎ ²ƻǊƪŦƻǊŎŜ 

ƛƴǾƻƭǾŜŘ ƛƴ 

ǇƛǇŜƭƛƴŜ 

ǿŜƭŘƛƴƎ 

ƻǇŜǊŀǘƛƻƴǎ 

wŜǎǇƻƴŘŜƴǘǎ 

ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ 

ǉǳŜǎǘƛƻƴƴŀƛǊŜ 

ǎǳǊǾŜȅ 
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tǊƻƧŜŎǘ 

ƳŀƴŀƎŜƳŜƴǘ 

ǘŜŀƳ 
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/ƻƳǇŀƴȅ . 

tǊƻƧŜŎǘ 
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ǘŜŀƳ 
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3.6 DMAIC Model 

The research utilizes the DMAIC model of the LSS. This ensures the step-by-step proce-

dure of the LSS methodology is followed in order to critically examine the associated 

problem of the weld quality and to arrive at an appropriate solution. 

 

The essence for using LSS improvement mechanism is based on optimization of pro-

cesses in which the relationship between vital process inputs (XS) and the eventual pro-

cess output(Y) are critically examined to achieve desired objectives or reset the inputs if 

required appropriately (Abdelhamid, 2003; Munro et al., 2008).  

 

  ̧Ґ Ŧό·мΣ ·нΣ ·оΣ ·пύΦ   όмύ  

Where inputs are denoted by function of X, and output by Y. 

 

Using the deterministic approach for measurement, as expressed mathematically in the 

above formula (Eq. 1) and the survey questionnaire as the measurement instrument for 

data in ranking the responses, effectively ensure the possibility for quantifying the be-

haviour of the άXsέ and άYsέ and the inherent relationships between the inputs, pro-

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



рм 

 

This research scenarioΩǎ outcome represents the Y in this equation, being noted as the 

quality of the weld, which seeks to achieve satisfaction through the requirement of VOC 

and VOP. Anything short of attaining this satisfactory equilibrium, such as high weld de-

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

 

In furtherance of the above mentioned paragraph, Gygi et al. (2018); Desai and 

Shrivastava (2008), stated that for organizations to desire performance improvement in 

processes, the characteristics for output(s), referred as Y or Quality of weld, must be 

thoroughly examined to identify these critical inputs, referred as άXSά: X1 = environment, 

X2 = machine, X3 = materials, X4 = man. Note, these inputs are regarded as key process 

input variables (KPIV). Thus, understanding and addressing these inputs effectively facil-

itate resolutions and therefore, enhance the output, as depicted in Figure 6. 

 

     (Inputs)                                                                                                          (Output) 

          X1 

          X2 Y (Quality of weld) 

          X3 

          X4 

CƛƎǳǊŜ сΦ /ŀǘŜƎƻǊƛŜǎ ƻŦ ƛƴǇǳǘǎΣ ǇǊƻŎŜǎǎ ŀƴŘ ƻǳǘǇǳǘ όDȅƎƛ Ŝǘ ŀƭΦΣ нлмуύΦ 

 

Gygi et al. (2018), eventually summarizes that appropriate utilization of the measured 

data tends to position the researcher toward greater efficiency with the capabilities of 

Six Sigma vis-à-vis the DMAIC model. Hence, the following sub-divisions practically illus-

trate the application of DMAIC model in a sequential phase for the purpose of process 

improvement and problem-solving of weld defects encountered in the pipeline con-

struction operation. 

 

 

     tǊƻŎŜǎǎ 
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3.6.1 5ŜŦƛƴŜ tƘŀǎŜ 

This is the first stage of the DMAIC model, ǿƘƛŎƘ ǎŜŜƪǎ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǎŎƻǇŜ 

and boundary, VOC requirements and the projects overall objectives (Jirasukprasert et 

al. 2012). The evaluation of the current scenario for the organization is holistically con-

sidered to commence an extensive investigation, and utilize collected data for compari-

sons quantitatively and statistically.  

 

The following LSS tools and techniques, commonly used in these phases, ensure general 

understanding and clarity of the situation at hand for use by subsequent phases:   

 

3.6.1.1 tǊƻƧŜŎǘ /ƘŀǊǘŜǊ 

The project charter, which is a tool used in LSS, ensures a given ǇǊƻƧŜŎǘΩǎ ǇǊƻōƭŜƳΣ 

objective, scope, structure, boundary and team involved to be clearly displayed as a 

form of project documentation procedure (Jirasukprasert et al., 2014; Srinivasan et al., 

2014). It defines ŀƴȅ ƎƛǾŜƴ ǇǊƻƧŜŎǘΩǎ ƻǾŜǊŀƭƭ ƛƴŦƻǊƳŀǘƛƻƴ structure, illustrated in Table 7. 

 

¢ŀōƭŜ тΦ tǊƻƧŜŎǘ ŎƘŀǊǘŜǊ ŦƻǊ ōƻǘƘ ŎƻƳǇŀƴƛŜǎΦ 

Project charter Company A/B: Pipeline Construction 

Operation  

Problem Statement Weld defects in pipeline welding 

operation causes schedule delays, 

rework, cost and time overruns 

Goal Statement To reduce the weld defect encountered 

during welding operations by the 

application of Lean Six Sigma 

methodology 

Project boundary Focusing on welding activities  

Voice of the customer (VOC) Welding quality 



ро 

Business case and expected benefits Defects occurances cause rework, incur 

extra expenses and  

Expected customer benefits Attain customer satisfaction and positive 

perception towards construction firms 

Team members Project student, project supervisors and 

employees of the concerned companies 

 

 

3.6.1.2 /ǊƛǘƛŎŀƭ ¢ƻ vǳŀƭƛǘȅ ό/¢vύ 

A critical requirement of customers or end-users expectations from any product, process 

or service is a satisfaction that is expressed through the Voice Of Customer (VOC). As 

such, this requirement can also be expressed through the CTQ (Dumitrescu and 

Dumitrache, 2011; Mamatha et al., 2014). Therefore, the developed CTQ relies on two 

drivers: welders and the project management team. 

 

To meet customer satisfaction, critical drivers must ensure all project processes work 

adequately in terms of qualified and competent personnel; use of approved and 

standard equipment and materials; meeting project time delivery as agreed and high 

quality of completed project without flaws, as depicted in Figure 7. 
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CƛƎǳǊŜ тΦ /¢v ŘƛŀƎǊŀƳ ŦƻǊ ŀǘǘŀƛƴƛƴƎ ƘƛƎƘ ǉǳŀƭƛǘȅ ƻŦ ǿŜƭŘǎΦ  

 

3.6.1.3 {Lth/ 

To understand the involved problems, a LSS process mapping tool, such as SIPOC ς 

Suppliers, Inputs, Process, Outputs, and Customers ς is used to gain an in-depth 

understanding of the welding procedures along with the associated elements involved 

(Anderson and Kovach, 2014). Table 8, shows the SIPOC ǇǊƻƧŜŎǘΩǎ pipeline journey 

starting from delivery to site to the eventual use by end-users. While Tenera and Pinto 

Welders 

Project manage-

ment 

Meet job delivery as stip-

ulated/agreed 

High quality of welds 

with no defects 

Qualified and adequately 

trained 

Use of quality equipment 

and materials 

Requirements Drivers 

Competent and Reliable 

work team 

Need 

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

activities and stakeholders to easily identify areas of interests. 

 

¢ŀōƭŜ уΦ {Lth/ ǇǊƻŎŜǎǎ ŦƻǊ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ǇƛǇŜƭƛƴŜ ǎȅǎǘŜƳ  ό!ƴŘŜǊǎƻƴ ŀƴŘ YƻǾŀŎƘΣ нлмпύΦ  

Suppliers Inputs  Process Outputs Customers 

Pipe & fitting 

suppliers, 

Welding 

electrodes, 

welding 

materials, 

Welding 

equipment, 

Water, 

Air compressor, 

Nitrogen 

cylinders 

 

Pipe 

Fittings, 

Welders, 

Pipe fitters, 

Project drawings, 

Project 

specifications, 

Weld procedure, 

Weld machine, 

Pressure test, 

Weld inspection 

test & devices 

 

 

 

Certified 

materials, 

Cut & fit pipes, 

Cut & fit 

fittings, 

Tack weld, 

Make weld, 

Inspect weld, 

Repair weld, 

Certied 

pipeline 

system 

 

Weld inspection 

reports, 

Pressure test 

reports, 

Pipeline system 

approval for use  

Facilities, 

End users 

 

 

3.6.1.4 tǊƻŎŜǎǎ CƭƻǿŎƘŀǊǘ 

The process flowchart ensures, according to Jirasukprasert et al. (2014), a 

comprehensive understanding in the form of graphical illustration of any given 

processŜǎΩ Ŧƭƻǿ ǎŜǉǳŜƴŎŜ to assess the various stages involved and tackle possible 

problematic areas.  
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The sequence of the pipeline welding process as shown in Figure 8, depicts the different 

stages involved such as the delivery of the pipelines to the site, inspection for quality 

products, preparation for welding activities, setting welding parameters, actual welding 

and numbering the various welds, NDT conducting on the welds and certification of the 

approved welded ones. However, disapproval for use of pipes or welds is systematically 

embedded along the process for outright rejection or repair once incapable of not 

meeting approved standards. 
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CƛƎǳǊŜ уΦ CƭƻǿŎƘŀǊǘ ƻŦ ǘƘŜ ǇƛǇŜƭƛƴŜ ƴŜǘǿƻǊƪ ŎƻƴǎǘǊǳŎǘƛƻƴ ǇǊƻŎŜǎǎΦ 

 

tƛǇŜ ǊŜŎŜƛǾŜŘ 
LƴǎǇŜŎǘ 

ǇƛǇŜ 
tƛǇŜ ƳŜŜǘ 

ǎǘŀƴŘŀǊŘΚ 

tƛǇŜ ŦƛǘǘŜǊ 

ŎƘŜŎƪ ǇƛǇŜ 

Cƛǘ ǇƛǇŜ 

tƛǇŜ ƳŜŜǘ 

ŘǊŀǿƛƴƎ 

ǎǇŜŎǎΚ wŜƧŜŎǘ ǇƛǇŜ 

.ŜǾŜƭ ǇƛǇŜ 

ŜŘƎŜǎ 

{ǘǊƛƴƎ ϧ 

Ŏǳǘ ǇƛǇŜ 

tƛǇŜ ōŀǎŜ 

ƳŜǘŀƭ 

ŎǊŀŎƪΚ 

5ƻŜǎ 

ǇƛǇŜ ŦƛǘΚ 

Preview weld 

procedure 

Select weld 

materials 

Set weld 

machine 

Is test 

weld ok? 

Tack weld 

Perform one 

weld pass 

Check weld 

quality 

Complete all 

weld passes 

Welder mark 

welds with stencil 

Record all welds 

& which welder 

Notify weld 

inspector 

Repair 

welds 

NDT 

check on 

welds? 

Weld 

defects 

found? 

Redo NDT 

on welds 

All welds 

ok 

Pressure 

fail at weld 

joint? 

Water pressure 

test 

Pipeline network system certified 

ok for use 

bƻ 

¸Ŝǎ 

bƻ 

¸Ŝǎ 

¸Ŝǎ 
bƻ 

bƻ 

¸Ŝǎ 

bƻ 

¸Ŝǎ 

¸Ŝǎ 

bƻ 

Install wind shield, if re-

quired against weather 

bƻ 

¸Ŝǎ 
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3.6.2 aŜŀǎǳǊŜ tƘŀǎŜ 

The measure phase entails appropriate data utilization of the given problem, that is, 

based on the acquired knowledge of the process, such as the general knowledge, data 

collection, verification of the aquired data, and assessing the possible variability to the 

process to effectuate positive outcome (Yadav and Sukhwani, 2016). The adoption of 

appropriate and reliable metrics for use to clarify the measurement and monitoring of 

the intended data will form the basis for analysis later on.  

 

Through the collected data ς weld defects and survey questionnaire ς significant 

measurement performed with the help of LSS tools, coupled with substantial 

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

 

3.6.2.1 5tah ŀƴŘ tǊƻŎŜǎǎ {ƛƎƳŀ [ŜǾŜƭ 

The Defect per Million Opportunities (DPMO) and the Sigma Level helps in evaluating 

the current performance or yield quality of a given process, service or product. For such 

a process to yield high value or quality (99.9997 %), the calculated DPMO must be 3.4 

million opportunities or output with a value of 6 for the sigma Level (Youssouf et al., 

2014. This simply means the process has zero defects or flaws to hinder the process 

performance.  

 

By employing these two important metrics: calculation of the DPMO and sigma level, 

this indicates the situation of welding quality pipelines based on past weld defects 

records from both companies. Table 9,  shows the process yield (%) as it relates to 

obtaining the values of the DPMO and Sigma Level for any given process: 
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¢ŀōƭŜ фΦ 5tah ŀƴŘ ǎƛƎƳŀ ƭŜǾŜƭ ŦƻǊ ǇǊƻŎŜǎǎΣ ǇǊƻŘǳŎǘ ϧ ǎŜǊǾƛŎŜ ό̧ƻǳǎǎƻǳŦ Ŝǘ ŀƭΦΣ нлмпύΦ  

Process Sigma 

Level 

DPMO Process Yield (%) 

1 691462 30.90 

2 308538 69.10 

3 66807 93.30 

4 6210 99.38 

5 233 99.977 

6 3.4 99.9997 

 

 

From the weld inspection reports, initially obtained data, revealed the low quality of 

weld through DPMO and the Process Sigma Level (PSL) of the multiple case studies 

(Yadav and Sukhwani, 2016; ISIXSIGMA, 2020), as depicted in Table 10. The calculation 

is based as follows (Eq. 2 and 3):  

 

5tah Ґ ό5ŜŦŜŎǘǎ ϝ млсκ όhǇǇƻǊǘǳƴƛǘƛŜǎ ϝ ǳƴƛǘǎύΦ   όнύ  

 

 t{[ Ґ лΦуплс Ҍ ϑ{vw¢ ώнфΦотπнΦннм ϝ[ƴ ό5tahύύϒΦ   όоύ  

Where Ln is Natural logarithm. 

 

¢ŀōƭŜ млΦ {ǳƳƳŀǊȅ ƻŦ 5tah ŀƴŘ ǎƛƎƳŀ ƭŜǾŜƭ ƻŦ ōƻǘƘ ŎƻƳǇŀƴƛŜǎΦ  

Case Companies DPMO Process Sigma level 

Company A 160255 2.499627 

Company B 155199 2.520951 
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3.6.2.2 tǊƻŎŜǎǎ /ŀǇŀōƛƭƛǘȅ  

Process capability can be defined as the relationship between the voice of the process 

(VOP) and the voice of customer (VOC). This simply means the measurement of 

compatibility of the process performance to that of meeting or satisfying the 

expectation of customers (Gygi et al., 2012). While, Dumitrescu and Dumitrache (2011), 

defined process capability as a means of statistical measurement of a process targeting 

specific characteristics, which usually falls within 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 performance 

characteristics, subject to the intended requirements (Gygi et al., 2012). This ensures 

the involved metrics in focusing on the essential area for improvement of a set control. 

As such, the 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 thresholds lie within the lower control limit (LCL) and 

upper control limit (UCL). 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 variations. The overall objective of LSS in a 

process is to reduce or eliminate variation to attain a sigma level of 6 or process yield of 

99.9997% of the outputs within the controls or specifications.  

 

Finally, the two main metrics ŦƻǊ ŀƴŀƭȅȊƛƴƎ ǘƘŜ ǇǊƻŎŜǎǎ ŎŀǇŀōƛƭƛǘȅ ŀǊŜ ǘƘŜ έ/Ǉέ ǊŜŦŜǊǊŜŘ 

to as process capŀōƛƭƛǘȅ ŀƴŘ ǘƘŜ έ/Ǉƪέ ǊŜŦŜǊǊŜŘ to as process performance. Dumitrescu 

and Dumitrache (2011), explained that the Cp value indicates how the process is 

performing within desired specification or outputs without considering the target, and 

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

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

chapter (Statistical Process Control).    
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3.6.3 !ƴŀƭȅȊŜ tƘŀǎŜ 

This phase critically analyzed the potential causes for the weld defects, with the aid of 

brainstorming, significant progress made in ensuring the identification of these causes, 

then analyzed and profer for solution for their elimination (Jirasukprasert et al. 2014). 

To achieve this phase, analysis of the data through appropriate investigation to ascertain 

and discern the readings or root causes of the weld defects.    

 

3.6.3.1 tŀǊŜǘƻ /ƘŀǊǘ 

With the aid of the Pareto chart, identification of the highest sets of weld defects fell on 

slag inclusion  and incomplete fusion, as a result of the main causes of the weld defects 

occurring in the pipeline welding operations of both companies.   

 

Figure 9, shows for company A, the Pareto chart for the weld defects which occurred in 

an individual Project 7, while the other graph, Figure 10, showed the Pareto chart for all 

10 recorded combined projects. 

 

 

CƛƎǳǊŜ фΦ tŀǊŜǘƻ ŎƘŀǊǘ ŦƻǊ tǊƻƧŜŎǘ т ƻŦ ŎƻƳǇŀƴȅ !Φ 
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CƛƎǳǊŜ млΦ tŀǊŜǘƻ ŎƘŀǊǘ ƻŦ ŀƭƭ ŎƻƳōƛƴŜŘ мл ǇǊƻƧŜŎǘǎ ƻŦ ŎƻƳǇŀƴȅ !Φ 

 

While in company B, in Figure 11, revealed the Pareto chart for the weld defects which 

occurred in an individual Project 5, while the other graph, Figure 12, showed the Pareto 

chart for all 6 recorded combined projects. 

 

 

CƛƎǳǊŜ ммΦ tŀǊŜǘƻ ŎƘŀǊǘ ŦƻǊ tǊƻƧŜŎǘ р ƻŦ ŎƻƳǇŀƴȅ .Φ 
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CƛƎǳǊŜ мнΦ tŀǊŜǘƻ ŎƘŀǊǘ ƻŦ ŀƭƭ ŎƻƳōƛƴŜŘ с ǇǊƻƧŜŎǘǎ ƻŦ ŎƻƳǇŀƴȅ .Φ 

 

3.6.3.2 CƛǎƘōƻƴŜ !ƴŀƭȅǎƛǎ 

The fishbone analysis can be referred to as a  έŎŀǳǎŜ ŀƴŘ ŜŦŦŜŎǘ ŘƛŀƎǊŀƳέ ǿƘƛŎƘ ƘŜƭǇǎ ǘƻ 

narrow down the focus in the form of segmenting the four various factors ς equipment, 

machine, material and man. The cause and effect diagram (Figure 13) consisting the four 

main factors ά·ǎέ  with the subdivided influencing factors, which simultaneously have 

overall effects, ά¸έ, causing weld quality or defects. 

 

These highlighted influencing factors were carefully investigated, after extensive 

brainstorming, to arrive at these points, that is, if adequately pursued conclusively 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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CƛƎǳǊŜ моΦ CƛǎƘōƻƴŜ ŘƛŀƎǊŀƳ ƘƛƎƘƭƛƎƘǘƛƴƎ ŦŀŎǘƻǊǎ ŀŦŦŜŎǘƛƴƎ ǿŜƭŘ ǉǳŀƭƛǘȅ ό!ƴŘŜǊǎƻƴ ŀƴŘ 
YƻǾŀŎƘΣ нлмпύΦ 

 

3.6.3.3 р² π мI !ƴŀƭȅǎƛǎ 

By utilizing 5 Whys and 1 How, a critical understanding of various questions usually been 

asked regarding problematic situations, such as what, why, where, who, where and how 

certain problem persist in any peculiar scenario, circumstances, products and services 

to find solutions or resolutions through the removal of such hindrances. Finding answers 

to these questions does aid in understanding and proffering solution to problems, as 

outlined in Table 11. 

 

The four influencing factors or categories involved in effecting  the welding outcomes or 

quality in the construction operations. Theses categories are Machine, Equipment, Man 

and Environment.   
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¢ŀōƭŜ ммΦ р²πмI !ƴŀƭȅǎƛǎ ŦƻǊ ǿŜƭŘ ŘŜŦŜŎǘ ƻŎŎǳǊǊŜƴŎŜǎ ƛƴ ǿŜƭŘƛƴƎ ŀŎǘƛǾƛǘƛŜǎ όYƛŦǘŀΣ нлмуύΦ 

Category 

under review 

5W-1H 

Technique 

Explanation 

Machine What Welding machine 

Why Inconsistent voltage/current output 

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 Inadequate training 

Who Welders 

Where Open site without shield cover 

How Assess welding procedures 

Environment What Welding activities 

Why Insufficient illumination and windy condition 

Who Pipeline managing team/welders 

Where Open site 

How Check light source adequacy /shield cover 
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3.6.3.4 !bh±! 

Using Analysis of Variance (ANOVA) ensures appropriate identification of the level of 

significance between the main effect and interacting factors as a result of multiple 

responses among them (Srinivasan et al., 2014). 

 

The earlier calculated result (Table 18 and 19) using the weld defect rate (%) value 

involving ten projects of both companies gave the following results as shown below in 

Table 12. As observed, the first variance (company A), 5.509467778, is smaller than the 

second variance (company B), 14.59059556. Furthermore, the F value (0.128895614) is 

lesser than the F critical (4.413873419). So therefore the null hypothesis is taken as έfail 

to rejectέ, implying that the defect rates of both companies are not statistically 

significant. 

 

¢ŀōƭŜ мнΦ !bh±! ǊŜǎǳƭǘ ƻŦ ǘƘŜ ǿŜƭŘ ŘŜŦŜŎǘ ǊŀǘŜ ƻŦ ōƻǘƘ ŎƻƳǇŀƴƛŜǎΦ 

 

 

3.6.3.5 /ƻǊǊŜƭŀǘƛƻƴ ŀƴŘ [ƛƴŜŀǊ wŜƎǊŜǎǎƛƻƴ !ƴŀƭȅǎƛǎ   

The correlation between the weld defect rate of company A and company B, gives the 

value, 0.204312848. This implies less relationship between company A and company B, 

meaning a high level of independence between them (not related) in any statistical 

relationship. While the linear regression analysis further supports this through the value 

of R Square of 0.04174374. 



ст 

 

While the correlation between the weld defects and total weld joints in the various given 

projects for company A shows a value of 0.9722. And also, the correlation between the 

weld defects and total weld joints in the various given projects for company B shows a 

value of 0.8173. This implies a strong relationship between weld defects and total weld 

joints for each of the company.  

 

From Figure 14, the linear regression analysis for company A, between the weld defects 

and total weld joints in the various given projects, the R Square indicate a value of 

0.945236718, displaying the p-value and significance F values as less than 0.05. This 

implies a reliable data analysis and a positive correlation. 

 

 

CƛƎǳǊŜ мпΦ ¢ƘŜ ǇƻǎƛǘƛǾŜ ŎƻǊǊŜƭŀǘƛƻƴ ŀƴŘ ƭƛƴŜŀǊ ǊŜƎǊŜǎǎƛƻƴ ŀƴŀƭȅǎƛǎ ŦƻǊ ŎƻƳǇŀƴȅ !Φ 

 

Also, in Figure 15, the linear regression analysis for company B, between the weld 

defects and total weld joints in the various given projects, the R Square indicate a value 

of 0.668034843, displaying the p-value and significance F values as less than 0.05. This 

implies a reliable data analysis and a positive correlation. 
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CƛƎǳǊŜ мрΦ ¢ƘŜ ǇƻǎƛǘƛǾŜ ŎƻǊǊŜƭŀǘƛƻƴ ŀƴŘ ƭƛƴŜŀǊ ǊŜƎǊŜǎǎƛƻƴ ŀƴŀƭȅǎƛǎ ŦƻǊ ŎƻƳǇŀƴȅ .Φ 

  

3.6.3.6 {ǘŀǘƛǎǘƛŎŀƭ IȅǇƻǘƘŜǎƛǎ ¢ŜǎǘƛƴƎ 

Hypothesis testing can be explained as a predictive statement in a scientific research 

study to test the possible or expected outcome through comparing the differences or 

relationships between variables or groups of a sample or population (Denni-Fiberesima 

and Rani, 2014; Gunduz, 2004). Furthermore, a researcher usually proposes this as-

sumption with an intent to establish truth or collection of truths in an investigation. Hy-

potheses can be established to be accepted or rejected, even if it eventually disproved, 

some new idea about a phenomenon may be established for future scientific investiga-

tion (Denni-Fiberesima and Rani, 2014).   

 

Two hypotheses are developed ς the null hypothesis (HO) and the alternate hypothesis 

(HA). Using two groups from a sample, for example, their means are used to compare if 

they are significantly different or not.  The test statistic (t test) available in Microsoft 

Excel is employed to test the hypothesis to determine the significant relationship for any 

given assumption. That is, the null hypothesis is established as being rejected in favour 

of an alternate hypothesis or otherwise. 
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In addition, the p-value is further used to compare the significance level if the null hy-

pothesis is established as rejected in favour of the alternate hypothesis. The p-value can 

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

 

Based on the empirical evidence presented in this research, the returned survey ques-

tionnaire from both companies (pipeline project management personnel), which indi-

cate irregular re-training of pipeline welders as being ranked highest by the RII.  

 

The two hypotheses created for this research are as follows:  

¶ HO = There is no significant relationship between irregular and inadequate train-

ing of pipeline welders and high level of weld defects.  

 

¶ HA = There is significant relationship between irregular and inadequate training 

of pipeline welders and high level of weld defects. 

 

3.6.4 LƳǇǊƻǾŜ tƘŀǎŜ 

!ŦǘŜǊ ƘŀǾƛƴƎ ǊŜǾƛŜǿŜŘ ŀƴŘ ƛŘŜƴǘƛŦȅ ǘƘŜ Ǌƻƻǘ ŎŀǳǎŜǎ ŦƻǊ ǘƘŜǎŜ ǿŜƭŘ ŘŜŦŜŎǘǎ ƛƴ ǘƘŜ ǇǊŜǾƛƻǳǎ 

ǇƘŀǎŜΣ ǘƘǳǎΣ ǘƘƛǎ ǇƘŀǎŜ ŜƴǎǳǊŜǎ ŘŜǾŜƭƻǇƛƴƎ ŀǇǇǊƻǇǊƛŀǘŜ ǎƻƭǳǘƛƻƴǎ ƛƴ ǘŀŎƪƭƛƴƎ ǘƘŜǎŜ 

ǇǊƻōƭŜƳǎ ό!ƴŘŜǊǎƻƴ ŀƴŘ YƻǾŀŎƘΣ нлмпΤ WƛǊŀǎǳƪǇǊŀǎŜǊǘ Ŝǘ ŀƭΦΣ нлмпύΦ   

 

.ŜǎƛŘŜǎΣ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǇŜǊǘƛƴŜƴǘ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴ ŜƴǎǳŜŘ ŀŦǘŜǊ ŜȄǘŜƴǎƛǾŜ 

ōǊŀƛƴǎǘƻǊƳƛƴƎ ŀƴŘ ŀƛŘŜŘ ǿƛǘƘ ǘƘŜ ǳǎŜ ƻŦ ǘƘŜ ǾŀǊƛƻǳǎ ŀŘƻǇǘŜŘ ƭƛǘŜǊŀǘǳǊŜΦ    

 

¢ƘŜ ǊŜǎŜŀǊŎƘ ƘŀŘ ǘƻ ŎƻƴŘǳŎǘ ŀ ǎƛƳǳƭŀǘƛƻƴ ǘƻ ŀŎƘƛŜǾŜ ǘƘŜ ƻōƧŜŎǘƛǾŜΣ ƻŦ ǘƘŜ ǊŜŘǳŎǘƛƻƴ ƻŦ 

ǘƘŜ ǊŀǘŜ ƻŦ ǿŜƭŘ ŘŜŦŜŎǘ ƛƴ ǘƘŜ ǇƛǇŜƭƛƴŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻǇŜǊŀǘƛƻƴΦ ¢ƘŜ ǊŜǎǳƭǘ ŜƴŀōƭŜǎ ǘƘƛǎ 

ǊŜǎŜŀǊŎƘ ǘƻ ŎƻƴŎƭǳŘŜ ƛƴ ǘŜǊƳǎ ƻŦ ƛƳǇǊƻǾŜƳŜƴǘ ƛƴ ǘƘŜ ȅƛŜƭŘ ǇǊƻŎŜǎǎ ŦƻǊ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ 

ōȅ ǘƘŜ ŎŀǎŜ ŎƻƳǇŀƴƛŜǎΦ 
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3.6.4.1 LƳǇƭŜƳŜƴǘ bŜǿ 5tah !ƴŘ {ƛƎƳŀ [ŜǾŜƭ    

¦Ǉƻƴ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ƛƳǇǊƻǾŜ ǇƘŀǎŜΣ ǘƘŜ ǊŀǘŜ ƻŦ ŘŜŦŜŎǘƛǾŜ ǿŜƭŘ ƛƴ ōƻǘƘ 

ŎƻƳǇŀƴƛŜǎ ǿƛƭƭ ǊŜŘǳŎŜ ŀƴŘ ƘŜƴŎŜΣ ǘƘŜ ǊŜǎǳƭǘŀƴǘ ǇǊƻŎŜǎǎ ǎƛƎƳŀ ƭŜǾŜƭ ƛƴŎǊŜŀǎŜǎΣ ŀƴŘ ŀƭǎƻΣ 

ǊŜŘǳŎǘƛƻƴ ƛƴ 5tahΦ !ǎ ŘŜǇƛŎǘŜŘ ƛƴ ¢ŀōƭŜ моΣ ƳŀƪƛƴƎ ǳǎŜ ƻŦ 9ǉǳΦ н ŀƴŘ оΣ ǘƘŜ ƴŜǿ 5tah 

ŀƴŘ ǇǊƻŎŜǎǎ ǎƛƎƳŀ ƭŜǾŜƭ ŦƻǊ ōƻǘƘ ŎƻƳǇŀƴƛŜǎΦ  

¢ŀōƭŜ моΦ ¢ƘŜ ǎǳƳƳŀǊȅ ƻŦ 5tah ŀƴŘ ǎƛƎƳŀ ƭŜǾŜƭ ƻŦ ōƻǘƘ ŎƻƳǇŀƴƛŜǎΦ  

Case Companies DPMO Process Sigma level 

Company A 10936 3.792722 

Company B 10071 3.823575 

 

.ŀǎŜŘ ƻƴ ǘƘŜ ŎŀƭŎǳƭŀǘŜŘ ǎƛƎƳŀ ƭŜǾŜƭΣ ŀǎ ŘŜǇƛŎǘŜŘ ƎǊŀǇƘƛŎŀƭƭȅ ƛƴ CƛƎǳǊŜ мсΣ ǘƘŜ ŎƭŜŀǊ ǊŜǎǳƭǘ 

ƻŦ ǘƘŜ ƴŜǿ όоΦтфύ ŀƴŘ ƻƭŘ όнΦпфύ ǇǊƻŎŜǎǎ ǎƛƎƳŀ ƭŜǾŜƭ ŦƻǊ ŎƻƳǇŀƴȅ !Φ !ƴŘ ŀƭǎƻΣ CƛƎǳǊŜ мтΣ 

ƛƴŘƛŎŀǘŜ ƎǊŀǇƘƛŎŀƭƭȅ ǘƘŜ ŎƭŜŀǊ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ƴŜǿ όоΦунύ ŀƴŘ ƻƭŘ όнΦрнύ ǇǊƻŎŜǎǎ ǎƛƎƳŀ ƭŜǾŜƭ 

ŦƻǊ ŎƻƳǇŀƴȅ .Φ  

 

Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜ ƴŜǿ ŎŀƭŎǳƭŀǘŜŘ ŀǾŜǊŀƎŜ ǇǊƻŎŜǎǎ ȅƛŜƭŘ ŦƻǊ ŎƻƳǇŀƴȅ ! ƛƴŘƛŎŀǘŜ ŀ ǾŀƭǳŜ ƻŦ 

фуΦфм҈ ŀƎŀƛƴǎǘ ǘƘŜ ǇǊŜǾƛƻǳǎ ǾŀƭǳŜ ƻŦ уоΦфт҈Φ ²ƘƛƭŜ ŦƻǊ ŎƻƳǇŀƴȅ .Σ ǘƘŜ ƴŜǿ ŎŀƭŎǳƭŀǘŜŘ 

ŀǾŜǊŀƎŜ ǇǊƻŎŜǎǎ ȅƛŜƭŘ ŦƻǊ ŎƻƳǇŀƴȅ . ƛƴŘƛŎŀǘŜ ŀ ǾŀƭǳŜ ƻŦ фуΦфф҈ ŀƎŀƛƴǎǘ ǘƘŜ ǇǊŜǾƛƻǳǎ 

ǾŀƭǳŜ ƻŦ упΦпу҈Φ 

 

 

CƛƎǳǊŜ мсΦ 5ƛǎǇƭŀȅǎ ƻƭŘ ŀƴŘ ƴŜǿ ǇǊƻŎŜǎǎ ǎƛƎƳŀ ƭŜǾŜƭ ŦƻǊ ŎƻƳǇŀƴȅ !Φ 

 



тм 

 

CƛƎǳǊŜ мтΦ 5ƛǎǇƭŀȅǎ ƻƭŘ ŀƴŘ ƴŜǿ ǇǊƻŎŜǎǎ ǎƛƎƳŀ ƭŜǾŜƭ ŦƻǊ ŎƻƳǇŀƴȅ .Φ 

 

3.6.4.2 CŀƛƭǳǊŜ aƻŘŜ !ƴŘ 9ŦŦŜŎǘǎ !ƴŀƭȅǎƛǎ όCa9!ύ 

CŀƛƭǳǊŜ ƳƻŘŜ ŀƴŘ ŜŦŦŜŎǘǎ ŀƴŀƭȅǎƛǎ όCa9!ύ ƛǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ǘƻƻƭ ǳǎŜŘ ǘƻ ŘƛǎǘƛƴƎǳƛǎƘΣ 

ŀǇǇǊŀƛǎŜ ŀƴŘ ǇǊƛƻǊƛǘƛȊŜ ǇƻǘŜƴǘƛŀƭ ŦŀƛƭǳǊŜǎ ƻǊ ǇǊƻōƭŜƳǎ ƛƴ ŀƴ ŜȄƛǎǘƛƴƎ ǇǊƻŎŜǎǎ ŦƻǊ ǘƘŜ 

ǇǳǊǇƻǎŜ ƻŦ ǘŀŎƪƭƛƴƎ ŀƴŘ ǊŜƳƻǾƛƴƎ Ǌƛǎƪǎ ό!ƴŘŜǊǎƻƴ ŀƴŘ YƻǾŀŎƘΣ нлмпΤ DȅƎƛ Ŝǘ ŀƭΦΣ нлмнύΦ 

¢Ƙƛǎ ǘƻƻƭ ŜƴǎǳǊŜǎ ǘƘŜ ŜǾŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ ǘȅǇŜǎ ƻŦ ŦŀƛƭǳǊŜǎ ŜƴŎƻǳƴǘŜǊŜŘ ƛƴ ŀ ǇǊƻŎŜǎǎΣ ǎǳŎƘ 

ŀǎ ǇƛǇŜƭƛƴŜ ǿŜƭŘ ŘŜŦŜŎǘǎ ŀƴŘ ǎŜŜƪǎ ŜƭƛƳƛƴŀǘƛƻƴΦ   

 

! ǊŀǘƛƴƎ ǎŎŀƭŜ ƻŦ мπмл Ǉƻƛƴǘǎ ƛǎ ŀƭƭƻŎŀǘŜŘ ŦƻǊ ŜǾŀƭǳŀǘƛƴƎ ŦŀŎǘƻǊǎ ǎǳŎƘ ŀǎ ǎŜǾŜǊƛǘȅ ό{9±ύΣ 

ŘŜǘŜƴǘƛƻƴ ό59¢ύ ŀƴŘ ƻŎŎǳǊǊŜƴŎŜ όh//ύ ƻŦ ŜŦŦŜŎǘǎ ƻŦ ŜŀŎƘ ƴƻǘƛŎŜŀōƭŜ ǇǊƻōƭŜƳΣ ǿƘƛƭŜ ŀ 

ǎŎƻǊŜ ƻŦ м ŘŜƴƻǘŜǎ ŀǎ έǿŜŀƪ ŜŦŦŜŎǘέΣ ŀƴŘ ǇǊƻƎǊŜǎǎƛƴƎ ƛƴ ǎŎŀƭŜ ǳƴǘƛƭ ƎŜǘǘƛƴƎ ǘƻ ŀ ǎŎƻǊŜ ƻŦ 

млΣ ŘŜƴƻǘƛƴƎ ŀǎ έǎǘǊƻƴƎ ŜŦŦŜŎǘέΦ !ƴŘ ŀƭǎƻΣ ǘƘŜ Ǌƛǎƪ ǇǊƛƻǊƛǘȅ ƴǳƳōŜǊ όwtbύΣ ǿƘƛŎƘ ƛǎ ŀ 

ǇǊƻŘǳŎǘ ƻŦ ǘƘŜ ǊŀǘƛƴƎǎ ƻŦ {9±Σ 59¢ ŀƴŘ h//Φ  ¢ƘŜ wtb ŘŜƴƻǘŜǎ ǊŀƴƪƛƴƎ ƻǊŘŜǊ ƻŦ ǘƘŜ 

ƘƛƎƘŜǎǘ ǾŀƭǳŜ ƻŦ Ǌƛǎƪ ƻŦ ŦŀƛƭǳǊŜǎΣ ǘƘǳǎ ǎƛƎƴƛŦȅƛƴƎ ǘƘŜ ƘƛƎƘŜǎǘ Ǌƛǎƪ ƻ ŎŀǳǎƛƴƎ ŘŜŦŜŎǘƛǾŜ ǿŜƭŘǎΦ 

aƻǊŜƻǾŜǊΣ ōǊŀƛƴǎǘƻǊƳƛƴƎ ƘŜƭǇŜŘ ƛƴ ŀǊǊƛǾƛƴƎ ŀǘ ǘƘŜ Ca9! ǎŎƻǊƛƴƎΦ  

 

!ǎ ƛƭƭǳǎǘǊŀǘŜŘ ƛƴ ¢ŀōƭŜ моΣ ǘƘŜ Ca9! ǘŀōƭŜ ǎƘƻǿǎ ōƻǘƘ ŎŀǎŜ ŎƻƳǇŀƴƛŜǎΩ ŜŦŦŜŎǘǎ ŀƴŘ ŎŀǳǎŜǎΥ 

ǎŜǾŜǊƛǘȅΣ ŘŜǘŜƴǘƛƻƴ ŀƴŘ ƻŎŎǳǊǊŜƴŎŜ ƻŦ ǿŜƭŘ ŘŜŦŜŎǘǎ ŀƴŘ ǘƘŜ ŀǇǇƭƛŎŀōƭŜ ǎƻƭǳǘƛƻƴ ǘƻ ŜŦŦŜŎǘ 

ǇƻǎƛǘƛǾŜ ŎƘŀƴƎŜΦ ¢ƘŜ ƭƛƎƘǘ ƎǊŜŜƴ ŎƻƭƻǳǊŜŘ ŎƻƭǳƳƴ όƭŜŦǘ ǎƛŘŜύ ŘŜǇƛŎǘǎ ǘƘŜ ǇǊƻōƭŜƳǎ 



тн 

όƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ǎǳǊǾŜȅ ǉǳŜǎǘƛƻƴƴŀƛǊŜ Řŀǘŀύ ŀƴŘΣ ǘƘŜ ƭƛƎƘǘ ōƭǳŜ ŎƻƭƻǳǊŜŘ ŎƻƭǳƳƴ όǊƛƎƘǘ 

ǎƛŘŜύ ŘŜǇƛŎǘǎ ǘƘŜ ǎƻƭǳǘƛƻƴ ŦƻǊ ŜƭƛƳƛƴŀǘƛƴƎ ŘŜŦŜŎǘƛǾŜ ǿŜƭŘǎ ƛƴ ǘƘŜ ǇƛǇŜƭƛƴŜ ŎƻƴǎǘǊǳŎǘƛƻƴΦ 

 

CƛƴŀƭƭȅΣ ŀǎ ƛƴǘŜǊǇǊŜǘŜŘ ƛƴ ¢ŀōƭŜ мпΣ ǘƘŜ ƭƛƎƘǘ ƎǊŜŜƴ ŎƻƭƻǳǊŜŘ ŎƻƭǳƳƴΣ ǘƘŜ wtb ǾŀƭǳŜ ƛƴŘƛŎǘǎ 

ǘƘŜ ƘƛƎƘŜǎǘ ǾŀƭǳŜ ƻŦ ппуΣ ŎƭŜŀǊƭȅ ǎƘƻǿƛƴƎ ǘƘŜ ǇǊƻōƭŜƳ ƻŦ ƛƴŀŘŜǉǳŀǘŜ ǘǊŀƛƴƛƴƎ ƻŦ ǘƘŜ 

ǿŜƭŘŜǊǎΣ ǿƘƛŎƘ ƛǎ ōŜŦƻǊŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ [{{ ƳƻŘŜƭΦ .ǳǘ ŀƭǎƻΣ ǘƘŜ ƭƛƎƘǘ ōƭǳŜ 

ŎƻƭƻǳǊŜŘ ŎƻƭǳƳƴ ǎƘƻǿǎ ǘƘŜ ƘƛƎƘŜǎǘ wtb ǾŀƭǳŜ ƛƴŘƛŎǘƛƴƎ ǘƘŜ ǎƻƭǳǘƛƻƴ ŦƻǊ ŜƭƛƳƛƴŀǘƛƴƎ 

ŘŜŦŜŎǘƛǾŜ ǿŜƭŘ ǘƘǊƻǳƎƘ ŀ ǎǘǊŀǘŜƎȅ ŦƻǊ ŜƴǎǳǊƛƴƎ ǎŀǘƛǎŦŀŎǘƻǊȅ ŀƴŘ ŜŦŦŜŎǘƛǾŜ ǇŜǊƛƻŘƛŎ ǘǊŀƛƴƛƴƎ 

ŦƻǊ ǘƘŜ ǿŜƭŘŜǊǎΦ 

 

 

¢ŀōƭŜ мпΦ Ca9! ǘŀōǳƭŀǘƛƻƴ ŦƻǊ ǿŜƭŘ ŘŜŦŜŎǘǎ ƛƴ  ōƻǘƘ ŎƻƳǇŀƴƛŜǎΦ 

 

 

3.6.5 /ƻƴǘǊƻƭ tƘŀǎŜ 

¢Ƙƛǎ Ŧƛƴŀƭ ǇƘŀǎŜ ƻŦ ǘƘŜ 5a!L/ ƳƻŘŜƭ ŜƴǎǳǊŜǎ Ŏƻƴǎǘŀƴǘ ƳƻƴƛǘƻǊƛƴƎ ƻŦ ŀƭƭ ǘƘŜ ƛƳǇƭŜƳŜƴǘŜŘ 

ƛƳǇǊƻǾŜƳŜƴǘ ŎƻƴǘǊƻƭǎ ŀƭǊŜŀŘȅ ǎŜǘ ƛƴ ǇƭŀŎŜ ŦƻǊ ǘƘŜ ǇǊƻŎŜǎǎ ǘƻ ŎƻƴǘƛƴǳŜ ǘƻ ǇǊƻŘǳŎŜ ǘƘŜ 

ŘŜǎƛǊŜŘ ǊŜǎǳƭǘ ŀƴŘ ǿƻǊƪ ŎƻǊǊŜŎǘƭȅ ό½ŀŘŜƘ Ŝǘ ŀƭΦΣ нлмпύΦ CǳǊǘƘŜǊƳƻǊŜΣ 5Ŝǎŀƛ ŀƴŘ 

{ƘǊƛǾŀǎǘŀǾŀ όнллуύ ƘƛƎƘƭƛƎƘǘŜŘ ǘƘƛǎ ǇƘŀǎŜ ŀǎ ŀ ƳŜŀƴǎ ƻŦ ǎǳǎǘŀƛƴƛƴƎ ǘƘŜ Ǝŀƛƴǎ ǘƘŀǘ 



то 

ƻŎŎǳǊǊŜŘ ς ǇǊƻŎŜǎǎ ƛƳǇǊƻǾŜƳŜƴǘ ς  ŀƴŘ Ŏƻƴǎǘŀƴǘƭȅ ǊŜǾƛŜǿ ǘƘŜ ǊŜǎǳƭǘǎ ǳƴŘŜǊ ǎǘǊƛŎǘ 

ŀŘƘŜǊŜƴŎŜΦ 

 

3.6.5.1 LƳǇƭŜƳŜƴǘ /ƻƴǘǊƻƭǎ !ƴŘ 5ƻŎǳƳŜƴǘŀǘƛƻƴ    

Lƴ ǘƘŜ ŎƻǳǊǎŜ ƻŦ ǎǳǎǘŀƛƴƛƴƎ ƻǾŜǊŀƭƭ ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ŀƴ ƻǊƎŀƴƛȊŀǘƛƻƴΣ ǎǘŀƴŘŀǊŘ ǇǊƻŎŜŘǳǊŀƭ 

ŎƻƴǘǊƻƭǎ ŀƴŘ ǊŜŎƻǊŘπƪŜŜǇƛƴƎ ǘƘǊƻǳƎƘ ǎǘǊƛŎǘ ŘƻŎǳƳŜƴǘŀǘƛƻƴ ǎƘƻǳƭŘ ōŜ ŀŘƘŜǊŜŘ ǘƻ  

Ŏƻƴǘƛƴǳƻǳǎƭȅ ƳƻƴƛǘƻǊ ƛƳǇƭŜƳŜƴǘŜŘ ŎƻƴǘǊƻƭǎ όDƛƧƻ Ŝǘ ŀƭΦΣ нлмпΤ WƛǊŀǎǳƪǇǊŀǎŜǊǘ Ŝǘ ŀƭΦΣ нлмпύΦ 

¢ƘŜǎŜ ŎƻƴǘǊƻƭǎ ǿƛǘƘ ǘƘŜ ŀƛŘ ƻŦ ǎǘŀƴŘŀǊŘ ǘƻƻƭǎ ŀƴŘ ǘŜŎƘƴƛǉǳŜǎ ŜƴǎǳǊŜ ŎƻƳǇƭŜǘŜ ƎǳƛŘŀƴŎŜ 

ŦƻǊ ƳƻƴƛǘƻǊƛƴƎ ŦƻǊ ǘƘŜ ōŜƴŜŦƛǘ ƻŦ ƳŀƪƛƴƎ ŜŦŦŜŎǘƛǾŜ ŎƘŀƴƎŜǎ ǘƻ ǘƘŜ ŜǎǘŀōƭƛǎƘŜŘ ŎƻƴǘǊƻƭǎ ƛŦ 

ƎŜǘǘƛƴƎ ƻǳǘ ƻŦ ŎƻƴǘǊƻƭΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ǘƻƻƭǎ ŀƴŘ ǘŜŎƘƴƛǉǳŜǎ ŀǊŜ ǳǎŜŘ ƛƴ ǘƘƛǎ ǇƘŀǎŜΥ  

 

¶ 9ǎǘŀōƭƛǎƘƳŜƴǘ ƻŦ ǎǘŀƴŘŀǊŘ ƻǇŜǊŀǘƛƴƎ ǇǊƻŎŜŘǳǊŜǎ ό{htǎύΣ ǿƘƛŎƘ ŜƴǎǳǊŜ ǎǘŜǇπōȅπ

ǎǘŜǇ ƛƴǎǘǊǳŎǘƛƻƴǎ ŀǎ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ ŜŦŦŜŎǘƛǾŜ ǇǊŀŎǘƛŎŜǎ ƻǊ ƻǇŜǊŀǘƛƻƴŀƭ 

ǇǊƻŎŜŘǳǊŜǎΦ ¢ƘŜǎŜ ƛƴǾƻƭǾŜ ŀ ŎƘŜŎƪƭƛǎǘ ƻŦ ǘŀǎƪǎΣ ǊŜǎǇƻƴǎƛōƛƭƛǘƛŜǎ ŀƴŘ ƻǳǘŎƻƳŜ 

ǇŜǊŦƻǊƳŀƴŎŜǎ ŦƻǊ ŀƴȅ ƎƛǾŜƴ ǇǊƻŎŜǎǎΣ ŀƴŘ ƛǎ Ŏƻƴǎǘŀƴǘƭȅ ǳǇŘŀǘŜŘΦ 

¶ ¢ƘŜ ǳǎŜ ƻŦ ŎƻƴǘǊƻƭ ŎƘŀǊǘǎ ŦƻǊ ǘƘŜ ōŜƴŜŦƛǘ ƻŦ ƳƻƴƛǘƻǊƛƴƎ ŀƴȅ ƎƛǾŜƴ ǇǊƻŎŜǎǎ Ŏŀƴ ōŜ 

ŜǎǘŀōƭƛǎƘŜŘΣ ŀƭƻƴƎ ǿƛǘƘ ŜŦŦŜŎǘƛǾŜ ŎƻƴǘǊƻƭ Ǉƭŀƴǎ ǘƻ ǘŀŎƪƭŜ ŀƴȅ ƛŘŜƴǘƛŦƛŜŘ ǾŀǊƛŀǘƛƻƴǎΦ 

¢ƘŜ ǘȅǇŜ ƻŦ ŎƻƴǘǊƻƭ ŎƘŀǊǘ ǘƻ ōŜ ǳǎŜŘ ƛǎ ǘƘŜ Ǉ ŎƘŀǊǘ ƻǊ ƴǇ ŎƘŀǊǘΣ ǿƘƛŎƘ ƛǎ ǎǇŜŎƛŦƛŎŀƭƭȅ 

ŦƻǊ ƳƻƴƛǘƻǊƛƴƎ ǇǊƻŎŜǎǎŜǎΩ ŘŜŦŜŎǘƛǾŜ ǎǳōǎǘŀƴŎŜǎΦ  

¶ {ǳŦŦƛŎƛŜƴǘ ǘǊŀƛƴƛƴƎ Ƴǳǎǘ ōŜ ƎƛǾŜƴ ǘƻ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ŜƳǇƭƻȅŜŜǎ ƛƴǾƻƭǾŜŘ ƛƴ 

ǘƘŜǎŜ ǇŜŎǳƭƛŀǊ ǇǊƻŎŜǎǎŜǎ ǘƻ ŜƴƘŀƴŎŜ ŀǿŀǊŜƴŜǎǎ ƻŦ ǘƘŜ ŜǎǘŀōƭƛǎƘŜŘ ƻǇŜǊŀǘƛƻƴŀƭ 

ƳŜǘƘƻŘǎΦ      
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4 ANALYSIS AND RESULTS 

In this chapter, all the previous findings will undergo extensive analysis to gravitate to-

wards or arrive at substantive conclusion for this research. Also, the obtained survey 

questionnaire data stands as a means to support the findings recorded in the previous 

chapters.    

 

Both closed-ended and open-ended questionnaire were adopted in this research to give 

candid information and unique insights from the rŜǎǇƻƴŘŜƴǘǎΩ ǇŜǊǎǇŜŎǘƛǾŜ. Analysing 

the data obtained from the survey, which serves as a means of support for the research, 

along with previous obtained data.  

 

4.1 Data Analysis 

Both descriptive and inferential statistics played vital roles in ensuring appropriate anal-

ysis of the gathered data. 

 

4.1.1 wŜƭƛŀōƛƭƛǘȅ ŀƴŘ ±ŀƭƛŘƛǘȅ ¢Ŝǎǘ 

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 reliability 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 widely used reliability indicator for internal 

ŎƻƴǎƛǎǘŜƴŎȅ ƛǎ ǘƘŜ /ǊƻƴōŀŎƘΩǎ !ƭǇƘŀ ǘŜǎǘΣ ŦƻǊ ǳǎŜ ǘƻ ǇǊƻŎŜǎǎ ǘƘŜ ƻǊŘƛƴŀƭ Řŀǘŀ ƻōǘŀƛƴŜŘ ƛƴ 

the questionnaire survey. 
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4.1.2 IȅǇƻǘƘŜǎŜǎ !ƴŀƭȅǎƛǎ 

Using Excel (Anova: Two-Factor Without Replication), /ǊƻƴōŀŎƘΩǎ ŀƭǇƘŀ ŎŀƭŎǳƭated the 

ŀǇǇǊƻȄƛƳŀǘŜ ǾŀƭǳŜ ŦƻǊ ǘƘŜ ǎǳǊǾŜȅ ǉǳŜǎǘƛƻƴƴŀƛǊŜ ōȅ ǊŜǎǇƻƴŘŜƴǘǎΩ ƻǇƛƴƛƻƴ ŦƻǊ ŎƻƳǇŀƴȅ ! 

as 0.82, and for company B as 0.50. These values can be said to be fairly acceptable, 

greater than (> 0.6), as a threshold value (Antony et al., 2019).  This can be seen in Table 

15 and 16.  

 

¢ŀōƭŜ мрΦ /ǊƻƴōŀŎƘΩǎ ŀƭǇƘŀ ǾŀƭǳŜ ŦƻǊ ŎƻƳǇŀƴȅ !Φ 

 

 

 

¢ŀōƭŜ мсΦ /ǊƻƴōŀŎƘΩǎ ŀƭǇƘŀ ǾŀƭǳŜ ŦƻǊ ŎƻƳǇŀƴȅ .Φ 

 

 

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 develop measure-

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-

agement systems, such as EFQM, TQM and ISO  9000 models. Furthermore, the adopted 
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survey questionnaire had inputs from published prominent literature of leading Six 

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

 

Using both comǇŀƴƛŜǎΩ ǊŜǎǇƻƴǎŜǎ ŦǊƻƳ ǘƘŜ ǇƛǇŜƭƛƴŜ ǇǊƻƧŜŎǘ ƳŀƴŀƎŜƳŜƴǘ ǇŜǊǎƻƴƴŜƭ ƻōπ

tained in the form of Likert scale, thus the two-way ANOVA gives: 

 

¢ŀōƭŜ мтΦ ¢ǿƻπǿŀȅ !bh±! ǊŜǎǳƭǘ ƻŦ ǘƘŜ ǊŜǎǇƻƴŘŜƴǘǎ ƻŦ ōƻǘƘ ŎƻƳǇŀƴƛŜǎΦ 

 

 

From Table 17, the t-Stat (3.052260462) is larger than the t-Critical two-tail 

(2.10092204). So I would reject the Hull Hypothesis and accept the alternate hypothesis. 

This means that there is a significant relationship between irregular or inadequate 

training of pipeline welder and a high level of weld defects. 

 

Also, assuming the the alpha (0.05), so the p-value (0.006858544) is smaller than alpha 

(0.05). So I reject the null hypothesis and accept the alternate hypothesis. This means 

that a statistical relationship exists between irregular or inadequate training of pipeline 

welder and a high level of weld defects. 

 

CƛƴŀƭƭȅΣ ǘƻ ŎƘŜŎƪ ǘƘŜ ŀŎŎǳǊŀŎȅ ƻŦ ǘƘŜ ƘȅǇƻǘƘŜǎƛǎ ǊŜǎǳƭǘΣ ŀƴŘ ǳǎƛƴƎ ǘƘŜ ǎŀƳŜ ǊŜǎǇƻƴŘŜƴǘǎΩ 

ŘŀǘŀΣ ŀ /ǊƻƴōŀŎƘΩǎ !ƭǇƘŀ ǾŀƭǳŜ ƻŦ лΦумпнфΣ ǿŀǎ ƻōǘŀƛƴŜŘΦ ¢Ƙƛǎ ǎƛƎƴƛŦƛŜǎ ŀ ǾŀƭǳŜ ƎǊŜŀǘŜǊ 

ǘƘŀƴ лΦтΦ 

 



тт 

4.1.3 ²ŜƭŘ LƴǎǇŜŎǘƛƻƴ wŜǇƻǊǘ !ƴŀƭȅǎƛǎ 

The report revealed the evaluation of the quality of weld for welded joints through the 

NDT conducted by the weld inspector to declare partial or full rejection or eventual ac-

ceptance following the stipulated standards (Anderson and Kovach, 2014; API, 2013; 

AWS, 2015; DPR, 1992). The obtained report showed the number of defects encoun-

tered during various pipeline construction operations of both case companies. 

 

Access to the weld inspection reports revealed the low quality of weld through DPMO 

and Process Sigma Level for each of the companies, as depicted in Table 18 and 19.  

 

¢ŀōƭŜ муΦ 5tah ŎŀƭŎǳƭŀǘƛƻƴ ŦƻǊ ŎƻƳǇƭŜǘŜŘ ǇǊƻƧŜŎǘǎ ƛƴ ŎƻƳǇŀƴȅ !Φ 

tǊƻƧŜŎǘǎ ¢ƻǘŀƭ ǿŜƭŘǎ 

όvǘȅύ 

²ŜƭŘ 

ŘŜŦŜŎǘǎ 

όvǘȅύ 

5ŜŦŜŎǘ 

wŀǘŜ 

ό҈ύ 

¸ƛŜƭŘ 

ό҈ύ 

5tah 

мΦ ммн мр моΦоф усΦсм моофнф 

нΦ ст мн мтΦфм унΦлф мтфмлп 

оΦ мпм му мнΦтт утΦно мнтссл 

пΦ фн мо мпΦмо урΦут мпмолп 

рΦ ол р мсΦст уоΦоо мсссст 

сΦ нн п муΦму умΦун мумуму 

тΦ тс мн мрΦтф упΦнм мртуфр 

уΦ он р мрΦсо упΦоу мрснрл 

фΦ мо н мрΦоу упΦсн мроупс 

млΦ пф мл нлΦпм тфΦрф нлплун 

a9!b  мслнрр 

twh/9{{ 

{LDa! 

[9±9[ 

 нΦпффснт 
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¢ŀōƭŜ мфΦ 5tah ŎŀƭŎǳƭŀǘƛƻƴ ŦƻǊ ŎƻƳǇƭŜǘŜŘ ǇǊƻƧŜŎǘǎ ƛƴ ŎƻƳǇŀƴȅ .Φ 

tǊƻƧŜŎǘǎ ¢ƻǘŀƭ ǿŜƭŘǎ 

όvǘȅύ 

²ŜƭŘ 

ŘŜŦŜŎǘǎ 

όvǘȅύ 

5ŜŦŜŎǘ 

wŀǘŜ 

ό҈ύ 

¸ƛŜƭŘ 

ό҈ύ 

5tah 

мΦ нф р мтΦнп унΦтс мтнпмп 

нΦ по у муΦсл умΦпл муслпт 

оΦ уп ф млΦтм уфΦнф млтмпо 

пΦ рс с млΦтм уфΦнф млтмпо 

рΦ тм мо муΦом умΦсф муолфф 

сΦ мло мр мпΦрс урΦпп мпрсом 

тΦ сф у ммΦрф ууΦпм ммрфпн 

уΦ рф мл мсΦфр уоΦлр мсфпфн 

фΦ нт с ннΦнн ттΦту нннннн 

млΦ со ф мпΦнф урΦтм мпнурт 

a9!b  мррмфф 

twh/9{{ 

{LDa! 

[9±9[ 

 нΦрнлфрм 

 

 

4.1.4 {ǘŀǘƛǎǘƛŎŀƭ tǊƻŎŜǎǎ /ƻƴǘǊƻƭ !ƴŀƭȅǎƛǎ 

The Statistical Process Control (SPC) is employed in the research to ensure effective use 

of statistical techniques for measuring and controlling the quality of a product or process 

is achieved (Gygi et al., 2012). The primary tool of  SPC is the control chart. The control 

chart is essentially used to track the performance of a process input or output over time. 

 

The rate of pipeline weld defect is the given data for this research which are classified 

as attribute data. Thus, the p chart (proportion nonconforming) is the basis of the 

graphical analysis for interpretation. 
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Besides, the capability analysis, earlier mentioned in the previous chapter, is also 

considered along with the control chart for proper understanding of the case companies. 

 

 

4.1.4.1 /ƻƴǘǊƻƭ /ƘŀǊǘ !ƴŘ /ŀǇŀōƛƭƛǘȅ !ƴŀƭȅǎƛǎ ƻŦ /ƻƳǇŀƴȅ ! 

The control chart, Figure 18, indicates the rate of weld defects in the ten projects of 

company A. Based on this, it is observed that process seems within the specifications, 

but the sigma Z score of 0.505322, signify that the significant areas of the tail ends of 

the distribution tend to extend beyond the range or specification limit. This signifies that 

the process seems to have a high defect rate, so it is incapable of meeting the expected 

requirements. 

 

 

CƛƎǳǊŜ муΦ 5ƛǎǇƭŀȅǎ Ǉ ŎƘŀǊǘ ŀƴŀƭȅǎƛǎ ŦƻǊ ŎƻƳǇŀƴȅ !Φ 

 

While the process capability chart, Figure 19, indicate the rate of weld defects in the ten 

projects of company A. Based on this, it is observed that the process is outside the range 

or specification, which supports the fact that the rate of defect is noticeably high. 

 

The Cp or Pp value (0.54) and the Cpk or Ppk (0.48) are less than 1, which means the 

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

enhanced by reducing the variations which tend to cause a high rate of weld defects. 

 

Also, the PPM value is 108544.30, and this indicates that 108544.30 out of 1 million 

opportunities or outcome do not meet the specifications. 

 

 

CƛƎǳǊŜ мфΦ tǊƻŎŜǎǎ ŎŀǇŀōƛƭƛǘȅ ŀƴŀƭȅǎƛǎ ŦƻǊ ŎƻƳǇŀƴȅ !Φ 

 

4.1.4.2 /ƻƴǘǊƻƭ /ƘŀǊǘ !ƴŘ /ŀǇŀōƛƭƛǘȅ !ƴŀƭȅǎƛǎ ƻŦ /ƻƳǇŀƴȅ . 

The control chart, Figure 20, indicates the rate of weld defects in the ten projects of 

company B. Based on this, it is observed that process seems within the specifications, 

but the sigma Z score of 0.846906 signify that the significant areas of the tail ends of the 

distribution tend to extend beyond the range or specification limit. This signifies that the 

process seems to have a high defect rate, so it is incapable of meeting the expected 

requirements. With this result, it seems this process is slightly better compared to 

company A (0.505322), but both still have a high rate of weld defects.   
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CƛƎǳǊŜ нлΦ 5ƛǎǇƭŀȅǎ Ǉ ŎƘŀǊǘ ŀƴŀƭȅǎƛǎ ŦƻǊ ŎƻƳǇŀƴȅ .Φ 

 

For the process capability chart, Figure 21, indicate the rate of weld defects in the ten 

projects of company B. Based on this, it is observed that the process is outside the range 

or specification, which supports the fact that the rate of defect is noticeably high. 

 

The Cp or Pp value (0.53) and the Cpk or Ppk (0.31) are less than 1, which 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 variations which tend to cause a high rate of weld defects. 

 

Also, the PPM value is (190925.98), this indicates that 190925.98 out of 1 million 

opportunities or outcome do not meet the specifications. 
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CƛƎǳǊŜ нмΦ tǊƻŎŜǎǎ ŎŀǇŀōƛƭƛǘȅ ŀƴŀƭȅǎƛǎ ŦƻǊ ŎƻƳǇŀƴȅ .Φ 

 

4.1.5 {ǳǊǾŜȅ vǳŜǎƛƻƴƴŀƛǊŜ !ƴŀƭȅǎƛǎ 

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 importance 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, ranging from 1 ς 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 equation (Eq. 4): 

wLL Ґң ό²ύ κ!ϝbΦ   όпύ  

Where RII is relative importance index. W is weight assigned to each question factor by 

the respondent (range 1-6), A is highest scale score (which is 6), N = sample size (respond-

ents total). 
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4.1.5.1 CŀŎǘƻǊǎ /ƻƴǘǊƛōǳǘƛƴƎ ǘƻ tƛǇŜƭƛƴŜ /ƻƴǎǘǊǳŎǘƛƻƴ tǊƻōƭŜƳǎ 

With the use of Microsoft Excel, and based on the calculation of RII ranking used for the 

survey questionnaire on the two main target area of interest: project management team 

and the welding team respectively (Table 20 and 21). The data obtained from the re-

spondents in project management, Table 20, showed the top 3 highest ranking of critical 

causes for weld defects, ranging with highest (0.920635) and the lowest (0.793651) for 

company A. These causes are distributed within the 4 main categories: Man; Machine; 

Materials and Environment.  

 

¢ŀōƭŜ нлΦ ¢ƘŜ о ǘƻǇ ǊŀƴƪƛƴƎ ƻŦ ǇǊƻƧŜŎǘ ƳŀƴŀƎŜƳŜƴǘ ǊŜǎǇƻƴŘŜƴǘǎ ƻŦ /ƻƳǇŀƴȅ !Φ 

ID Category Causes for weld defects RII Rank 

2.1.7 Man Irregular re-training of welders 0.920635 1 

2.1.11 Man Lack of welder competence & skills 0.849206 2 

2.3.2 Materials Materials not match drawing specifi-

cation 

0.793651 3 

 

¢ŀōƭŜ нмΦ ¢ƘŜ о ǘƻǇ ǊŀƴƪƛƴƎ ƻŦ ǿŜƭŘŜǊǎκŦƛǘǘŜǊǎ ǊŜǎǇƻƴŘŜƴǘǎ ƻŦ /ƻƳǇŀƴȅ !Φ 

ID Category Causes for weld defects RII Rank 

3.1.3 Man Irregular re-training 0.863636 1 

3.1.10 Man Non provision of incentives/motivation 0.818182 2 

3.1.4 Man Irregular eye test check-up 0.787879 3 

 

While Table 22 and 23, comprising company B and using, for instance, the welding team 

respondents, Table 23, revealed the top 3 highest ranking of critical causes for weld de-

fects ranging with highest (0.807018) and lowest of (0.789474). These causes are dis-

tributed within the 4 main categories: Man; Machine; Materials and Environment.  
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¢ŀōƭŜ ннΦ ¢ƘŜ о ǘƻǇ ǊŀƴƪƛƴƎ ƻŦ ǇǊƻƧŜŎǘ ƳŀƴŀƎŜƳŜƴǘ ǊŜǎǇƻƴŘŜƴǘǎ ŦƻǊ /ƻƳǇŀƴȅ .Φ  

ID Cate-

gory 

Causes of weld defects RII Rank 

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-

als 

Improper use of materials 0.789474 2 

 

¢ŀōƭŜ ноΦ ¢ƘŜ о ǘƻǇ ǊŀƴƪƛƴƎ ƻŦ ǿŜƭŘŜǊǎκŦƛǘǘŜǊǎ ǊŜǎǇƻƴŘŜƴǘǎ ŦƻǊ /ƻƳǇŀƴȅ .Φ 

ID Category Causes of weld defects RII Rank 

3.1.7 Man Possess inadequate welder/fitter certifica-

tion 

0.875000 1 

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 of Survey Respondents 

To investigate the characteristics of the survey respondents, descriptive statistics was 

adopted in this research as a means to analyse the demographic variables. Each of the 

case studies have substantial relevant disciplines and work experience directly involved 

in the oil & gas pipeline construction.  

 

4.2.1 wŜǎǇƻƴŘŜƴǘǎ tǊƻŦƛƭŜ ƻŦ /ƻƳǇŀƴȅ !  

The survey revealed that 82% of pipeline welders in company A, of 11 respondents, have 

been working between 5 to 15 years as certified welders, and also, 55% possesses Di-

ploma qualifications from polytechnic educational institutions and the remaining 45% 

have certificates from vocational and technical colleges. While only one-third of the 
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welders have Higher Diploma qualifications in Welding and Fabrication Technology/En-

gineering in the few available polytechnic institutions offering the course. Advanced 

course in this field is not available in the country but outside ς mostly in Europe, America 

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

 

However, conceited effects for the localized skilled and competent workforce in this 

field are being made through the Nigerian Local Content Development Act initiative 

since 2010 (Ayonmike and Okeke, 2015).  

 

While the pipeline project management team of company A, comprising 21 respondents, 

have mostly 52% work experience between 5 to 15 years and 33% between 16 to 25 

years of work experience. Also, 57% possesses Bachelor degrees and 29% have Diploma 

qualifications in pipeline construction-related careers, such as mechanical engineering, 

pipeline engineering. Only 19% have further certified training and qualifications in pipe-

line construction and inspection ς CWI and AWS certifications. These pieces of training 

at the intermediates level include Dye Penetrant Inspection, Radiographic Film Interpre-

tation, Ultrasonic Testing Inspection, Visual Inspection. Two members of the project 

management team possess a aŀǎǘŜǊΩǎ ŘŜƎǊŜŜΦ  

 

4.2.2 wŜǎǇƻƴŘŜƴǘǎ tǊƻŦƛƭŜ ƻŦ /ƻƳǇŀƴȅ .  

Company B, having 8 respondents, the survey data showed that 63% of pipeline welders 

have been working between 5 to 15 years, 25% between 16 to 25 years working experi-

ence as certified welders. While 50% possesses Diploma qualifications from polytechnic 

educational institutions and the remaining have certificates from vocational and tech-

nical colleges. While only one-quarter of the welders have Higher Diploma qualifications 

in Welding and Fabrication Technology/Engineering. 

 

From the 19 respondents of the pipeline project management team of company B, 37% 

have work experience between 1 to 4 years, 26% have worked between 5 to 15 years 

and also, 26% between 16 to 25 years of work experience. Furthermore, 63% possesses 
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Bachelor degrees and 32% have Diploma qualifications in pipeline construction-related 

careers, such as mechanical engineering, pipeline engineering. Only 21% have further 

certified training and qualifications in pipeline construction and inspection ς CWI and 

AWS certifications. These pieces of training at the intermediates level include Dye Pen-

etrant Inspection, Radiographic Film Interpretation, Ultrasonic Testing Inspection, Visual 

Inspection. One member of the project management team possesses a aŀǎǘŜǊΩǎ ŘŜƎǊŜŜ. 

 

4.2.3 ²ŜƭŘ 5ŜŦŜŎǘ wŀƴƎŜ ƻŦ hŎŎǳǊŀƴŎŜ  

Data obtained from the respondents (welders) in the survey questionnaire revealed per-

tinent information regarding the percentage of occurrence of weld defect and the com-

mon types of weld defects associated with the case companies.  

 

Each of the companies indicates the same weld defect range (0 ς 20) % of mostly occur-

ring cases during various welding activities for the past 2 years as shown in Figure 22 

and 23.  

 

 

CƛƎǳǊŜ ннΦ ²ŜƭŘ ŘŜŦŜŎǘ ǊŀƴƎŜ ƻŎŎǳǊǊŜƴŎŜ ό҈ύ ƛƴ ŎƻƳǇŀƴȅ ! ό{ǳǊǾŜȅΣ нлнлύΦ 
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CƛƎǳǊŜ ноΦ ²ŜƭŘ ŘŜŦŜŎǘ ǊŀƴƎŜ ƻŎŎǳǊǊŜƴŎŜ ό҈ύ ƛƴ ŎƻƳǇŀƴȅ . ό{ǳǊǾŜȅΣ нлнлύΦ 

 

4.2.3.1 ¢ȅǇŜǎ ƻŦ ²ŜƭŘƛƴƎ tŀǊŀƳŜǘŜǊǎ 

Welding parameters requirement play vital importance in fulfilling welding quality. 

These parameters include arc length, welding angle, welding current, welding speed and 

welding voltage. All these parameters must be set and maintained by the welders before, 

during and after the welding process to meet the stipulated and required standard for 

welding pipelines. 

  

Based on the obtained survey result, Figure 24, both case companies adhered to ensur-

ing 100% utilization of these 5 welding parameters.  
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CƛƎǳǊŜ нпΦ ¢ƘŜ ǳǎŜŘ ǿŜƭŘƛƴƎ ǇŀǊŀƳŜǘŜǊ ŀǇǇƭƛŎŀōƭŜ ƛƴ ōƻǘƘ ŎƻƳǇŀƴƛŜǎ ό{ǳǊǾŜȅΣ нлнлύΦ 

 

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 by the case companies.  

 

As revealed in Table 24, the SMAW is mostly used by welders based on the ranking in 

both companies.  

 

¢ŀōƭŜ нпΦ wŀƴƪƛƴƎ ƻŦ Ƴƻǎǘƭȅ ǳǎŜŘ ǿŜƭŘƛƴƎ ǇǊƻŎŜǎǎŜǎ ƛƴ ōƻǘƘ ŎƻƳǇŀƴƛŜǎΦ 

 

 

 

 

 

 

 

 

As revealed in Figure 25, showing the most commonly used welding processes in com-

pany A. This clearly showed that SMAW is mostly used by the welders during the pipeline 

welding operations. 
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Arc Length
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Welding Current

Welding Speed

Welding Voltage

Welding Parameters

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 
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CƛƎǳǊŜ нрΦ ¢ƘŜ ǳǎŜŘ ǿŜƭŘƛƴƎ ǇǊƻŎŜǎǎŜǎ ŀǇǇƭƛŎŀōƭŜ ƛƴ ŎƻƳǇŀƴȅ ! ό{ǳǊǾŜȅΣ нлнлύΦ 

 

While Figure 26, revealed the most commonly used welding processes in company B. 

This clearly showed that SMAW is mostly used by the welders during the pipeline weld-

ing operations. 

 

 

CƛƎǳǊŜ нсΦ ¢ƘŜ ǳǎŜŘ ǿŜƭŘƛƴƎ ǇǊƻŎŜǎǎŜǎ ŀǇǇƭƛŎŀōƭŜ ƛƴ ŎƻƳǇŀƴȅ . ό{ǳǊǾŜȅΣ нлнлύΦ 

 

4.2.3.2 ²ŜƭŘ 5ŜŦŜŎǘǎ ƻŦ /ŀǎŜ {ǘǳŘƛŜǎ 

During each project, the recorded types of weld defects occurring were 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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repairs and corrections. Also, note that once repairs made, another 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.  

 

The ŎŀǎŜ ŎƻƳǇŀƴƛŜǎΩ ǊŜǾŜŀƭŜŘ ǘƘŜ ǾŀǊƛƻǳǎ ǘȅǇŜǎ ƻŦ ǿŜƭŘ ŘŜŦŜŎǘǎ ŜƴŎƻǳƴǘŜǊŜŘ ŘǳǊƛƴƎ ǘƘŜ 

pipeline construction phase in past projects. As shown in Table 25, displays the previous 

10 projects for company A, and the various types of weld defects recorded, scheduled 

for repairs during the pipeline welding operations.  

 

¢ŀōƭŜ нрΦ ¢ȅǇŜǎ ƻŦ ǿŜƭŘ ŘŜŦŜŎǘǎ ƻŎŎǳǊǊŜƴŎŜ ƛƴ ǇǊƻƧŜŎǘǎ ƻŦ ŎƻƳǇŀƴȅ !Φ  

tǊƻƧŜŎǘǎ ¢ƻǘŀƭ 

ǿŜƭŘǎ 

ƛƴ  

ǇǊƻƧŜŎǘǎ 

²ŜƭŘ 

ŘŜŦŜŎǘǎ  

¢ȅǇŜǎ ƻŦ ǿŜƭŘ ŘŜŦŜŎǘǎ 

{ƭŀƎ 

LƴŎƭǳǎƛƻƴ 

LƴŎƻƳǇƭŜǘŜ 

Cǳǎƛƻƴ 

{ǇŀǘǘŜǊ tƻǊƻǎƛǘȅ LƴŎƻƳǇƭŜǘŜ 

tŜƴŜǘǊŀǘƛƻƴ 

¦ƴŘŜǊŎǳǘ 

мΦ мо н л н л л л л 

нΦ нн п м о л л л л 

оΦ ол р н н м л л л 

пΦ он р о м м л л л 

рΦ пф мл п п м м л л 

сΦ ст мн с о о л л л 

тΦ тс мн р о н м м л 

уΦ фн мо р п н н л л 

фΦ ммн мр т о п л м л 

млΦ мпм му ф р н м м л 

 

 

!ƭǎƻΣ ŀǎ ŘŜǇƛŎǘŜŘ ƛƴ ¢ŀōƭŜ нсΣ ŘƛǎǇƭŀȅǎ ǘƘŜ ǇǊŜǾƛƻǳǎ мл ǇǊƻƧŜŎǘǎ ŦƻǊ ŎƻƳǇŀƴȅ .Σ ŀƴŘ ǘƘŜ 

ǾŀǊƛƻǳǎ ǘȅǇŜǎ ƻŦ ǿŜƭŘ ŘŜŦŜŎǘǎ ǊŜŎƻǊŘŜŘΣ ǎŎƘŜŘǳƭŜŘ ŦƻǊ ǊŜǇŀƛǊǎ ŘǳǊƛƴƎ ǘƘŜ ǇƛǇŜƭƛƴŜ ǿŜƭŘƛƴƎ 

ƻǇŜǊŀǘƛƻƴǎΦ 
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¢ŀōƭŜ нсΦ ¢ȅǇŜǎ ƻŦ ǿŜƭŘ ŘŜŦŜŎǘǎ ƻŎŎǳǊǊŜƴŎŜ ƛƴ ǇǊƻƧŜŎǘǎ ƻŦ ŎƻƳǇŀƴȅ .Φ  

tǊƻƧŜŎǘǎ ¢ƻǘŀƭ 

ǿŜƭŘǎ 

ƛƴ  

ǇǊƻƧŜŎǘǎ 

²ŜƭŘ 

ŘŜŦŜŎǘǎ  

¢ȅǇŜǎ ƻŦ ǿŜƭŘ ŘŜŦŜŎǘǎ 

{ƭŀƎ 

LƴŎƭǳǎƛƻƴ 

LƴŎƻƳǇƭŜǘŜ 

Cǳǎƛƻƴ 

{ǇŀǘǘŜǊ tƻǊƻǎƛǘȅ LƴŎƻƳǇƭŜǘŜ 

tŜƴŜǘǊŀǘƛƻƴ 

¦ƴŘŜǊŎǳǘ 

мΦ нт с н о м л л л 

нΦ нф р м н н л л л 

оΦ по у п п л л л л 

пΦ рс с н п л л л л 

рΦ рф мл п о м н л л 

сΦ со ф т л м л л м 

 

 

4.2.3.3 !ƴŀƭȅȊƛƴƎ ¢ȅǇŜǎ ƻŦ ²ŜƭŘ 5ŜŦŜŎǘǎ ƛƴ /ŀǎŜ /ƻƳǇŀƴƛŜǎ 

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 a certified weld inspector. Once the faults or types of weld defects are 

reported, the appropriate repair is conducted and the weld integrity is retested after-

wards.  

 

It was observed for company A, in Figure 27, that the most common weld defect, in 

terms of ranking (Table 27), showed Slag Inclusion, Incomplete Fusion and Spatter as the 

top three. 

 

 ¢ŀōƭŜ нтΦ wŀƴƪƛƴƎ ƻŦ Ƴƻǎǘ ŎƻƳƳƻƴ ǿŜƭŘ ŘŜŦŜŎǘ ƻŎŎǳǊǊƛƴƎ ƛƴ ŎƻƳǇŀƴȅ !Φ 

S/N Types of weld defects Ranking 

1 Slag Inclusion 1 

2 Incomplete Fusion 2 

3 Spatter 3 
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4 Porosity 4 

5 Incomplete Penetration 5 

6 Undercut 6 

 

 

 

CƛƎǳǊŜ нтΦ ¢ƘŜ Ƴƻǎǘ ǿŜƭŘ ŘŜŦŜŎǘ ƻŎŎǳǊǊŜƴŎŜ ƛƴ ŎƻƳǇŀƴȅ ! ό{ǳǊǾŜȅΣ нлнлύΦ 

 

Also, for company B, as shown in Figure 28, the most common weld defect occurring, 

and in terms of ranking (Table 28), showed Incomplete Fusion, Slag Inclusion and Spatter 

as the top three. 

 

 ¢ŀōƭŜ нуΦ wŀƴƪƛƴƎ ƻŦ Ƴƻǎǘ ŎƻƳƳƻƴ ǿŜƭŘ ŘŜŦŜŎǘ ƻŎŎǳǊǊƛƴƎ ƛƴ /ƻƳǇŀƴȅ .Φ 

S/N Types of weld defects 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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CƛƎǳǊŜ нуΦ ¢ƘŜ Ƴƻǎǘ ǿŜƭŘ ŘŜŦŜŎǘ ƻŎŎǳǊǊŜƴŎŜ ƛƴ ŎƻƳǇŀƴȅ . ό{ǳǊǾŜȅύΦ 

 

4.3 Recommendation for Process Improvement 

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

welding activities which having been identified as root causes leading to the obtained 

weld defects. It is imperative to thoroughly understand the causes of these weld defects 

and recommend solutions for their removal.  

 

With the aid of LSS, the identified main types of weld defects noticed in both companies 

include: Incomplete fusion, slag inclusion and spatter. Table 29, revealed the causes and 

recommended remedies for these weld defects. 

 

¢ŀōƭŜ нфΦ ¢ȅǇŜǎ ƻŦ ǿŜƭŘ ŘŜŦŜŎǘǎΥ ŎŀǳǎŜǎ ϧ ǊŜƳŜŘƛŜǎ ό!²{Σ нлмрΤ ²ŜƭŘŜǊ tƻǊǘŜǊΣ нлнлύΦ 

S/N Types of Weld defects Causes Corrective Measures 

1.  LƴŎƻƳǇƭŜǘŜ Cǳǎƛƻƴ 

 

¶ ¢ƻƻ ƳǳŎƘ ǿŜƭŘ 

ǎǇŜŜŘ ǳǎŀƎŜ  

¶ tǊƻǇŜǊ ŎƭŜŀƴπ

ƛƴƎ ƻŦ ǿŜƭŘπ

ƛƴƎ ǎǳǊŦŀŎŜǎ 
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¢Ƙƛǎ ƻŎŎǳǊǎ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ƛƳπ

ǇǊƻǇŜǊ Ŧǳǎƛƻƴ ōŜǘǿŜŜƴ ǿŜƭŘ 

ōŜŀŘ ŀƴŘ ōŀǎŜ ƳŜǘŀƭΦ  

 

¶ hǾŜǊŦƭƻǿƛƴƎ 

ǿŜƭŘ Ǉƻƻƭ 

¶ /ƻƴǘŀƳƛƴŀǘŜŘ 

ǿŜƭŘƛƴƎ ǎǳǊπ

ŦŀŎŜǎΣ ǎǳŎƘ ŀǎ 

ǊǳǎǘΣ ǇŀƛƴǘΣ 

ƻƛƭκƎǊŜŀǎŜ 

¶ ²ǊƻƴƎ ŜƭŜŎπ

ǘǊƻŘŜ ŀƴƎƭŜ 

Ǉƻǎƛǘƛƻƴ 

¶ LƴŀǇǇǊƻǇǊƛŀǘŜ 

ŜƭŜŎǘǊƻŘŜ ǘȅǇŜ 

ŦƻǊ ōŀǎŜ ƳŜǘŀƭ 

Insufficient heat input 

¶ tǊŜǾŜƴǘ 

ƻǾŜǊŦƭƻǿƛƴƎ 

ǿŜƭŘ Ǉƻƻƭ 

¶ wŜŘǳŎŜ ŘŜǇπ

ƻǎƛǘƛƻƴ ǊŀǘŜ 

 

 

2. {ƭŀƎ LƴŎƭǳǎƛƻƴ 

 

¢Ƙƛǎ ƻŎŎǳǊǎ ǿƘŜƴ ǎƭŀƎ ƛǎ 

ŦƻǊƳŜŘ ŦǊƻƳ ǘƘŜ ŦƭǳȄ ŎƻŀǘƛƴƎ 

ŘǳǊƛƴƎ ǿŜƭŘƛƴƎ ŀƴŘ ƳƛȄŜǎ ǿƛǘƘ 

ǿŜƭŘ ƳŜǘŀƭΦ  

 

¶ ¢ƻƻ ƳǳŎƘ ǿŜƭŘ 

ǎǇŜŜŘ ǳǎŀƎŜ  

¶ LƳǇǊƻǇŜǊ 

ŎƭŜŀƴƛƴƎ ƻŦ 

ŜŀŎƘ ǿŜƭŘ Ǉŀǎǎ 

ōŜŦƻǊŜ ǘƘŜ 

ƴŜȄǘ Ǉŀǎǎ 

¶ ¢ƻƻ ƭƻǿ ǿŜƭŘ 

ŎǳǊǊŜƴǘ ǳǎŀƎŜ 

¶ LƴǎǳŦŦƛŎƛŜƴǘ 

ŎƭŜŀƴƛƴƎ  

¶ CŀǎǘŜǊ ŎƻƻƭƛƴƎ 

ƻŦ ǿŜƭŘ Ǉƻƻƭ 

 

¶ ¦ǎŜ ŎƻǊǊŜŎǘ 

ǿŜƭŘ ŎǳǊǊŜƴǘ 

¶ ¦ǎŜ ǇǊƻǇŜǊ 

ŜƭŜŎǘǊƻŘŜ ŀƴπ

ƎƭŜ 

¶ 9ƴǎǳǊŜ ŀǇπ

ǇǊƻǇǊƛŀǘŜ 

ŎƻƻƭƛƴƎ ƻŦ 

ǿŜƭŘ Ǉƻƻƭ 

¶ wŜƳƻǾŀƭ ƻŦ 

ǎƭŀƎ ǊŜƎǳƭŀǊƭȅ 

ōȅ ǿƛǊŜ 

ōǊǳǎƘƛƴƎ 

¶ !ǇǇǊƻǇǊƛŀǘŜ 

ǿŜƭŘ ǎǇŜŜŘ 
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3.  

{ǇŀǘǘŜǊ 

 

¢Ƙƛǎ ƻŎŎǳǊǎ ŀǎ ǘƛƴȅ ǎƻƭƛŘƛŦƛŜŘ 

ǇŀǊǘƛŎƭŜǎ ŦǊƻƳ ǘƘŜ ǿŜƭŘ Ǉƻƻƭ 

ǎŎŀǘǘŜǊƛƴƎ ŀƭƻƴƎ ǘƘŜ ǿŜƭŘ 

ǇŀǘƘΦ  

 

¶ ¢ƻƻ ƘƛƎƘ ǿŜƭŘ 

ŎǳǊǊŜƴǘ ǳǎŀƎŜ  

¶ ¢ƻƻ ƭƻǿ Ǿƻƭǘπ

ŀƎŜ ǳǎŀƎŜ 

¶ /ƻƴǘŀƳƛƴŀǘŜŘ 

ǎǳǊŦŀŎŜ 

¶ ¦ƴǎǘŀōƭŜ ǿƛǊŜ 

ŦŜŜŘƛƴƎ 

¶ ¢ƻƻ ƭƻƴƎ ŀǊŎ 

ǳǎŀƎŜ 

¶ ²ǊƻƴƎ ŜƭŜŎπ

ǘǊƻŘŜ ŀƴƎƭŜ 

Ǉƻǎƛǘƛƻƴ 

¶ ²ǊƻƴƎ ǇƻƭŀǊƛǘȅ 

ǳǎŀƎŜ 

¶ tǊƻǇŜǊ ŎƭŜŀƴπ

ƛƴƎ ƻŦ ǿŜƭŘπ

ƛƴƎ ǎǳǊŦŀŎŜ 

¶ ¦ǎŜ ǇǊƻǇŜǊ 

ŜƭŜŎǘǊƻŘŜ ŀƴπ

ƎƭŜ 

¶ /ƻǊǊŜŎǘ Ǉƻπ

ƭŀǊƛǘȅ ǳǎŀƎŜ 

¶ /ƻǊǊŜŎǘ ŀǊŎ 

ƭŜƴƎǘƘ 

¶ !ǇǇǊƻǇǊƛŀǘŜ 

ŎǳǊǊŜƴǘ ϧ 

ǾƻƭǘŀƎŜ 

   

 

Finally, the given recommendation must be followed thoroughly to eliminate the iden-

tified weld defects. Thus, adhering to the corrective measures during welding operation 

as specified by complying to international welding standards. 

 

Also, further consideration for the following factors must be established in these com-

panies to improve pipeline construction operation performances for the overall objec-

tive of process, cost and time delivery efficiency: 

¶ Adequate and periodic training for the welders/fillers and project managing 

team. 

¶ ²ŜƭŘŜǊǎΩ ǇǊƻŦƛŎƛŜƴŎȅ Ƴǳǎǘ ōŜ ŀŘŜǉǳŀǘŜƭȅ ŜȄŀƳƛƴŜŘ to ensure compliance to rec-

ognized international welding standards, specifications and procedures.  

¶ Satisfactory and adequate incentives and enumerations should be appropriately 

administered to the welders/fitters.   
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5 CONCLUSION 

¢Ƙƛǎ ǊŜǎŜŀǊŎƘ ǿƻǊƪ ŜȄǘŜƴǎƛǾŜƭȅ ŦƻŎǳǎŜŘ ƻƴ [Ŝŀƴ {ƛȄ {ƛƎƳŀ ƳŜǘƘƻŘƻƭƻƎȅ ŀƴŘ ƛǘǎ ŀǇǇƭƛŎŀπ

ǘƛƻƴ ŦƻǊ ŀŘŘǊŜǎǎƛƴƎ ǇǊƻōƭŜƳŀǘƛŎ ǎƛǘǳŀǘƛƻƴǎΣ ǎǳŎƘ ŀǎ ŜƭƛƳƛƴŀǘƛƴƎ ƻǊ ǊŜŘǳŎƛƴƎ ŘŜŦŜŎǘƛǾŜ 

ǿŜƭŘǎ ŜƴŎƻǳƴǘŜǊŜŘ ŘǳǊƛƴƎ ǿŜƭŘƛƴƎ ƻǇŜǊŀǘƛƻƴǎ ƛƴ ǘƘŜ ƻƛƭ ŀƴŘ Ǝŀǎ ǇƛǇŜƭƛƴŜ ŎƻƴǎǘǊǳŎǘƛƻƴ 

ƛƴŘǳǎǘǊȅΦ ¢ƘŜ ǎǳŎŎŜǎǎŦǳƭ ƻǳǘŎƻƳŜ ƻŦ ǘƘƛǎ ƳŜǘƘƻŘƻƭƻƎȅΣ ōŀǎŜŘ ƻƴ Ǉŀǎǘ ŀǘǘŜǎǘŀǘƛƻƴ ōȅ ǾŀǊπ

ƛƻǳǎ ōǳǎƛƴŜǎǎ ƻǊƎŀƴƛȊŀǘƛƻƴΣ ŜƴŎƻǳǊŀƎŜŘ ŀǇǇǊƻǇǊƛŀǘŜ ƛƴǾŜǎǘƛƎŀǘƛƻƴ ŦƻǊ ƛǘǎ ǳǎŜ ŀƴŘ ƛǘǎ ŀōƛƭπ

ƛǘȅ ǘƻ ŘŜŎƛǇƘŜǊ ǇǊƻōƭŜƳǎ ƛƴ ŎŀǎŜ ǎǘǳŘƛŜǎ ǎŎŜƴŀǊƛƻΦ  

 

¢Ƙƛǎ ŀǎǎŜǊǘƛƻƴ Ŏŀƴ ōŜ ǘǊŀŎŜŘ ǘƻ ǘƘŜ Ǝƭƻōŀƭ ǇǳōƭƛŎƛǘȅ ƻŦ [{{ ŀǎ ŀƴ ŜŦŦŜŎǘƛǾŜ ǎȅǎǘŜƳŀǘƛŎ 

ƳŜŎƘŀƴƛǎƳ ŘǊƛǾŜƴ ǘƘǊƻǳƎƘ Řŀǘŀ ŀŎǉǳƛǎƛǘƛƻƴ ŦƻǊ ǇǊƻŎŜǎǎ ŘŜƭƛǾŜǊȅ ǘƻ ǘŀŎƪƭŜ ǉǳŀƭƛǘȅπǊŜƭŀǘŜŘ 

ƛǎǎǳŜǎ ŀƴŘ ŀŎƘƛŜǾŜ ŎǳǎǘƻƳŜǊ ǎŀǘƛǎŦŀŎǘƛƻƴΦ .ŜǎƛŘŜǎΣ ǘƘƛǎ ŀǇǇǊƻŀŎƘ ƛǎ ǊŜǇƻǊǘŜŘ ǘƻ ƛƳǇǊƻǾŜ 

ƻǊƎŀƴƛȊŀǘƛƻƴ ǇǊƻŦƛǘŀōƛƭƛǘȅΣ ŀŎƘƛŜǾŜ ǇǊƻŎŜǎǎ ƻǇŜǊŀǘƛƻƴŀƭ ŜȄŎŜƭƭŜƴŎŜ ŀƴŘ ŜƴǎǳǊŜ Ŏƻƴǘƛƴǳƻǳǎ 

ǇǊƻŎŜǎǎ ƛƳǇǊƻǾŜƳŜƴǘ ǿƛǘƘ ǘƘŜ ŀƛŘ ƻŦ ǎǘŀǘƛǎǘƛŎŀƭ ǘƻƻƭǎ ŀƴŘ ǘŜŎƘƴƛǉǳŜǎΦ ¦ǘƛƭƛȊƛƴƎ ǘƘŜ 5a!L/ 

ƛƳǇǊƻǾŜƳŜƴǘ ƳƻŘŜƭ ƻŦ [{{ ŜƴǎǳǊŜ ǎǘǊŀǘŜƎƛŎŀƭ ǳǎŀƎŜ ƻŦ ǾŀǊƛƻǳǎ ǎǘŜǇǎ ƻǊ ǇƘŀǎŜǎ ŀǎ ŀ ǇǊƻπ

ŎŜǎǎ ǊƻŀŘ ƳŀǇ ǘƻ ƘƻƭƛǎǘƛŎŀƭƭȅ ŀŘŘǊŜǎǎ ƛǎǎǳŜǎΦ    

 

¢Ƙƛǎ ŀŘƻǇǘŜŘ ŀŎǘƛƻƴ ǊŜǎŜŀǊŎƘ ŀǇǇǊƻŀŎƘ ŎƻǳǇƭŜŘ ǿƛǘƘ [{{ ƳŜǘƘƻŘƻƭƻƎȅ ŜƴǎǳǊŜŘ ǘƘƛǎ ǇǊƻπ

ƧŜŎǘ ǿƻǊƪ ǊŜŦƭŜŎǘǎ ƻƴ ǿƘŀǘ ǿŀǎ ŘƛǎŎƻǾŜǊŜŘ ƻǊ ƎŀǘƘŜǊŜŘ όŘŀǘŀύ ƛƴ ŜŀŎƘ ǇƘŀǎŜ ŀƴŘΣ ǳǘƛƭƛȊŜ 

ǘƘŜ ǊŜǎǳƭǘǎ όŀƴŀƭȅǎƛǎύ ŦƻǊƳƛƴƎ ŀ ƎǳƛŘŜ ŦƻǊ ǎǳōǎŜǉǳŜƴǘ ǇƘŀǎŜ ǳƴǘƛƭ ŀǊǊƛǾƛƴƎ ŀǘ ǘƘŜ ƻǾŜǊŀƭƭ 

ŎƻƴŎƭǳǎƛƻƴǎΦ 

 

CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ŎƻƴŘǳŎǘŜŘ ǎǳǊǾŜȅ ǉǳŜǎǘƛƻƴƴŀƛǊŜ ς ƻōǘŀƛƴŜŘ ŦǊƻƳ ŎŀǎŜ ŎƻƳǇŀƴƛŜǎ ŜƳπ

ǇƭƻȅŜŜǎ ς ǎŜǊǾŜǎ ŀǎ ŀ ǎǳǇǇƻǊǘ ŦƻǊ ǘƘƛǎ ǊŜǎŜŀǊŎƘΣ ŀƴŘ ƎƛǾŜǎ ŀ ƘƻƭƛǎǘƛŎ ǾƛŜǿ ƛƴ ŜƴǎǳǊƛƴƎ ǘƘŜ 

ǇǊƻōƭŜƳǎ ŀǊŜ ǿƛǘƘƛƴ ǊŜŀŎƘ ōȅ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘΦ !ƭǎƻΣ ƴƻǘ ǘƻ Ŧŀƛƭ ǘƻ ƳŜƴǘƛƻƴ ǘƘŜ ǊƻƭŜ 

ǇƭŀȅŜŘ ōȅ ǘƘŜ ǳǎŜŘ ƭƛǘŜǊŀǘǳǊŜ ǊŜǾƛŜǿǎ ǿƘƛŎƘ ŦƻǊƳŜŘ ŜƴƻǊƳƻǳǎ ōŜƴŜŦƛǘ ŦƻǊ ŀŎǘǳŀƭƛȊƛƴƎ ǘƘŜ 

ƻǾŜǊŀƭƭ ƻōƧŜŎǘƛǾŜ ŦƻǊ ŀƭƭ ǇƻǎǎƛōƭŜ ǎƻƭǳǘƛƻƴǎ ǘƻ ǘƘŜ ŜƴŎƻǳƴǘŜǊŜŘ ǇǊƻōƭŜƳǎΦ 

 

¢ƘŜ ƳŜŀǎǳǊŜ ƻŦ ǇǊƻŎŜǎǎ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ƻǇŜǊŀǘƛƻƴ ƻŦ [{{ ƛǎ ǘŀǊƎŜǘŜŘ ŀǘ ŀ ǉǳŀƭƛǘȅ ȅƛŜƭŘ 

όффΦфффт҈ύ ƻŦ с ǎƛƎƳŀ ƭŜǾŜƭ ǿƛǘƘ ŀ ŘŜŦŜŎǘ ǊŀǘŜ ƻŦ оΦп Ƴƛƭƭƛƻƴ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ ŀƴȅ ǇǊƻƧŜŎǘΦ 

IƻǿŜǾŜǊΣ ŜŀŎƘ ŎŀǎŜ ŎƻƳǇŀƴƛŜǎΩ ŎǳǊǊŜƴǘ ǎƛƎƳŀ ƭŜǾŜƭ ǊŀǘƛƴƎǎ ǎǘŀƴŘǎ ŀǘ нΦсΣ ǿƘƛŎƘ ǊŜŦƭŜŎǘǎ 


































