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This research is about the development of hybrid problem solving method to 
identify failures mainly applied in the subsea environment. A3 analysis with 
support from fishbone diagram and 5 whys analysis techniques were 
introduced to identify the actual cause of failures. The integration between 
these two techniques known as a hybrid problem solving method was then 
applied to identify the actual cause of failures. Upon identification of the actual 
cause of failure, improvement actions were taken to eliminate the actual cause. 
In this research, few comparisons in terms of different problem solving 
methodology applied for different industries namely aerospace, automotive, 
semi-conductor, chemical and oil and gas industry were reviewed and 
evaluated to understand the differences for closing the gaps with this new 
methodology. The proposed hybrid problem solving methodology was 
validated using a case study. The case study was focusing into the 
identification of the actual cause of failure related to the Inconel 718 fasteners 
that were used for Methanol Injection Tree Valve (MITV). Proposal on the lab 
analysis on fresh and failure fasteners was performed upon reviewing the 
outcome from the hybrid methodology to ensure the effectiveness of the 
analysis technique. Few analysis activities were performed consisting of 
mechanical property evaluation, chemical composition and microstructure 
review for validating the results. It was identified that the hardness value for 
Inconel 718 that was applied for this application was 18% higher than the 
maximum value of 40HRC as stated in MS-607 requirement of material Inconel 
718 and API standard 6A718-2009. The data was then compared to 
understand the characteristics of the failure. One of the steps in the A3 
technique is future state and target that requires a mitigation action to eliminate 
the cause of failure. This was performed by conducting a new material analysis 
e.g. L7M fasteners for future reference. There is no similar re-occurrence 
recorded upon implementing the mitigation actions of this problem solving 
methodology since 2012. This achievement can be concluded as a success of 
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identifying the real cause of failure using hybrid root cause analysis technique. 
Standard template for subsea's problem solving method was established upon 
completing the analysis for future use to increase efficiency and reduce cost 
of failures for each issue in the future. 
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Kajian ini adalah berkenaan pembangunan kaedah hibrid bagi penyelesaian 
masalah di dalam industri lautan dalam bagi mengesan punca kegagalan di 
dalam persekitaran industri lautan dalam.  Analisis A3 yang mengguna pakai 
teknik punca dan kesan berserta 5 kenapa diperkenalkan bagi membantu 
mengesan punca kegagalan didalam aplikasi ini. Integrasi diantara teknik 
punca dan kesan bersama dengan 5 kenapa adalah dikenali sebagai teknik 
hibrid yang akan digunakan bagi mengenalpasti punca sebenar kegagalan. 
Sebaik punca sebenar dikenalpasti, tindakan pembaharuan telah diambil bagi 
menyingkirkan punca sebenar tersebut. Didalam kajian ini juga, beberapa 
perbandingan berkenaan teknik penyelesaian masalah yang digunapakai 
didalam industri yang berlainan seperti aeroangkasa, automotif, semi-
konduktor, kimia dan minyak dan gas telah dianalisa bagi memahami konsep 
dan jurang bagi mengurangkan perbezaan tersebut bagi kegunaan 
pembangunan konsep hibrid. Cadangan pembangunan konsep hibrid ini telah 
diuji berserta dengan kajian kes sebenar. Kajian kes adalah cenderung 
menumpukan identifikasi punca kegagalan sebenar bagi aplikasi bolt Inkonel 
718 pada Injap Kawalan Metanol (MITV) yang digunakan oleh industri lautan 
dalam. Cadangan analisis makmal pada bolt yang baru dan gagal telah 
dijalankan setelah meneliti keputusan analisis hibrid. Ini adalah untuk 
memastikan kebolehupayaan analisis hibrid ini untuk membantu 
menyelesaikan masalah di dalam industri lautan dalam. Beberapa analisis 
telah dilakukan seperti ujian bahan, ujian kimia dan ujian mikrostruktur bagi 
mengesahkan hipotesis yang digunapakai didalam melaksanakan kajian ini. 
Punca sebenar kegagalan bolt Inkonel 718 adalah berpunca daripada 
kekerasan bahan yang digunapakai adalah melebihi sebanyak 18% daripada 
kekerasan maksima bahan sebanyak 40 HRC seperti yang disyorkan oleh 
spesifikasi MS-607 dan standard API 6A 718-2009. Data yang telah 
dikumpulkan kemudiannya dibandingkan bagi memahami struktur dan sifat-
sifat bahan. Salah satu tindakan di dalam analisa A3 ini adalah cadangan 
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untuk penambahbaikan bagi kegunaan pada masa hadapan. Ini telah 
dilakukan dengan melaksanakan ujian makmal terhadap bahan baru seperti 
bolt L7M bagi menggantikan bolt Inkonel 718 bagi kegunaan dan aplikasi yang 
sama. Tiada pengulangan insiden yang sama direkodkan sejak tahun 2012 
semenjak pelaksanaan langkah-langkah pembetulan berdasarkan metodologi 
penyelesaian masalah hibrid ini dilaksanakan. Kejayaan ini adalah berpunca 
daripada pengenalan kaedah hibrid didalam mengenalpasti punca masalah 
sebenar yang dihadapi. Templat rasmi bagi kegunaan penyelesaian masalah 
di dalam lautan dalam telah diwujudkan bagi rujukan dan kegunaan pada 
masa hadapan bagi meningkatkan kecekapan dan mengurangkan kos 
kegagalan pada setiap masalah. 
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CHAPTER 1 

 

INTRODUCTION 

1.1 Prologue 

 

Subsea production system is representing a few combinations of facilities 
namely wellhead system, controls, subsea trees, manifolds and structures. It 
is known that the subsea operation involves many challenges such as high 
pressure containment, flow assurance in hostile sea surface and very low 
temperature. It is understood that the low temperature and high pressure are 
the common factors that may lead to high cost of repairs and maintenance 
(Cheliyan & Bhattacharyya, 2017). Subsea oil production system is spread in 
large geographical area that may cause the task of risk assessment for oil and 
gas leakage will become a highly extensive task. It is understood that the most 
powerful risk analysis method applied in the subsea industry is the fault tree 
analysis (FTA). This method uses a quantitative method for the computation 
of failure probability of each component in the particular system (Cheliyan & 
Bhattacharyya, 2017).  
 

The failure probabilities of the basic events (BE) are the exact values as 
recommended in the conventional FTA. This is because precise estimation of 
failure probabilities for basic events is not practical. There is insufficient data 
recorded that prohibits the analysis to be performed (Liang et al., 2003). 
Therefore, it is often to perform the analysis with approximate probabilities of 
estimation in the absence of precise data. This is related to the usage of 
“possibility” instead of “probability” to complete the analysis (K.B. Misra et al., 
2003).  

 

There are various aspects of safety and reliability of subsea components that 
require special attention including review on the reliability estimates of the 
safety instrumented systems (Hui et al., 2012) and reliability of subsea trees 
(Wanvik et al., 1981). However, for subsea industry, the application of risk 
based methodologies especially the usage of FTA application is very rare 
(Cheliyan & Bhattacharyya, 2017). This contradicts with the aerospace and 
nuclear industries whereby the application of risk based methodologies have 
been well adopted (Cheliyan & Bhattacharyya, 2017).  
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Due to the nature of subsea production system which is complex, severe 
environment and inaccessible that are causing the operation, repair and 
maintenance are costly and time consuming. Thus, it is important that the 
quantitative risk estimation methodologies shall be adopted into subsea design 
and operation. A previous analysis made by Hu et al., (2012) analyzed the 
problem of leakage of oil and gas in a subsea production system. However, 
the analysis was considered sketchy and considered as a preliminary analysis. 
In comparison, there has been practically no work performed in the quantitative 
risk analysis (QRA) except for the preliminary study performed by Hu et al., 
(2012).  

 

There is a challenge experienced for the fasteners used for critical applications 
in subsea industry. The challenges are in terms of selection of material, quality 
assurance and control, traceability’s documentation for manufacturing, and 
production. Those challenges are crucial for meeting sufficient performance, 
components’ integrity to prevent any costly failures. Criticality of subsea 
fasteners are defined as fasteners applied for pressure containing and primary 
load bearing joints. In addition, it also considers fasteners that are applied for 
joints or connections that have the potential of impacting the valves’ 
functionality, safety, reliability and effective operational cost (Kirkemo, 2014). 

 

Hydrogen induced stress cracking (HISC) or hydrogen embrittlement (HE) was 
identified as the major failure experienced during the last decade in the subsea 
industry. HISC primarily results from the hydrogen charging conditions of the 
cathodic protection (CP) system. A majority of fasteners use subsea from low 
alloyed steel grade type such as ASTM 320 Grade L7, L7M, L43 bolts with 
ASTM 194 Grade 4, 7M, 7 nuts. Those fasteners rely on the electrical 
continuity to the cathodic protection system. This is to prevent from sea water 
corrosion on the subsea trees that can potentially become the main contributor 
for HISC/HE.  This may happen if the fasteners’ hardness and strength level 
exceed the maximum ranges specified by the mill manufacturer (Kirkemo, 
2014). 

 

Cold formed hardened corrosion resistance alloy (CRA) is usually designated 
to be used if higher strength materials are required by engineering or design. 
There are a few grades used for this application such as grades 59, 660, 625, 
686, 718, 725. However, the potential or probability of having HISC/HE 
depends on the hardness, strength range and manufacturing application. 
Majority of fasteners are used in the automotive and aerospace industries. For 
oil and gas industry, bolted connections are normally used for high integrity 
systems, high pressure containing connections and required a long-term 
performance like a structural components, pressurized vessels and piping 
(Pires et al., 2011). 
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It has become highly important for all bolted connections to be designed, 
manufactured and installed to the specified requirements to ensure long life 
cycle and reliability for various exposure and service conditions applied upon 
installation and application in subsea industry. The number of bolting failures 
may be due to various reasons namely overload, fatigue or corrosion. A few 
steps are taken seriously starting from the material selection, bolt 
manufacturing, coating and painting application like xylan and molykote 
application up to the final bolt installation process to ensure the bolt’s 
functionality meets the desired design requirements.  
 

 
1.2  Background 
 

 
Subsea field in this study covers approximately 230 km offshore with the water 
depth range between 1200 m to 1400 m. The subsea production and injection 
system consists of several subsea stations namely production manifold, 
service umbilical, subsea trees, well jumpers with flowlines and umbilical 
connection to the Floating Production Storage and Offloading  (FPSO) station 
as process facility as indicated in Figure 1.1. The production wells are 
clustered around the manifolds, with each manifold supporting each other.  
 

 
 

Figure 1.1: Subsea Production System (XMT Assembly) 

 
The subsea station is defined to include the following systems: 

1. Wellhead System 
2. Subsea Trees (XMT) System including the work-over system 
3. Subsea Production Control System including topside equipment 
4. Tie-in System 
5. Structures (including manifolds) 
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1.3  Subsea Trees 
 

Subsea wellheads and Xmas trees are one of the important equipment in a 
subsea production system. The functions of subsea wellhead system 
performance will be similar with the same general functions of conventional 
surface wellhead. In general, a subsea Xmas tree is basically a combination 
of valves that are installed on subsea wellhead to ensure controllable interface 
between the subsea well and other production facilities. Different names for 
subsea trees are Christmas tree, cross tree, X-tree or tree (Yong Bai et al., 
2012).  

 

Different subsea trees will be used for different applications such as production 
of water/gas injection. Subsea wellhead systems are normally designed 
according to the standard and codes as below: 

1. API 6A, Specification for Wellhead and Christmas Trees 
Equipment; 

2. API 17D, Specification for Subsea Wellhead and Christmas 
Tree Equipment; 

3. API RP 17A, Recommended Practice for Design and 
Operation of Subsea Production Systems; 

4. API RP 17H, Remotely Operated Vehicle (ROV) Interfaces 
on Subsea Production System; 

5. API RP 17G, Design and Operation of Completion/Workover 
Risers; 

6. ASME B31.3, Process Piping; 
7. AWSD 1.3, Structural Steel Welding Code; 
8. DNV RP B 401, Cathodic Protection 

 

The subsea trees’ functions and requirements should be referred as below: 

i. To provide orientation of the wellhead and tree system with respect to 
the tree-to-manifold connection (Yong Bai et al., 2012) 

ii. To interface with and support Xmas tree system and blowout preventer 
(BOP) (Yong Bai et al., 2012) 

iii. To ensure alignment, concentricity and verticality of the low-pressure 
conductor housing and high pressure of wellhead housing (Yong Bai et 
al., 2012) 

iv. To prove the field design that is able to serve with minimum sensitivity 
to water depth and sea conditions (Yong Bai et al., 2012) 
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Figures 1.2 and 1.3 show the physical condition of the Subsea Tree with 
Methanol Injection Tree Valve (MITV) and Chemical Injection Tree Valve 
(CITV) positions. The valves are mounted on the lateral sides that allow simple 
well intervention and tubing recovery. This will be an added advantage for 
wells that require a high number of interventions (Yong Bai et al., 2012). 

 
 

Figure 1.2: Subsea Tree with MITV and CITV positions (XMT Assembly) 

 
 

 
 

Figure 1.3: Subsea tree with CITV Position (XMT Assembly) 
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1.4  Problem Statement 
 
 

One of the prominent 21st century skills is the ability to solve complex problems 
that represent the actual life situation. This skill requires interaction with 
unknown environment (Greiff et al., 2013; Molnár, Greiff, & Csapó, 2013). 
Real-life situations also represent a static problems that can be resolved with 
the assistance of reasoning and connecting the provided information with the 
problem (Scherer & Tiemann, 2014). Decision process is related to the set of 
actions and methods that are dynamically organized (Castro & Parreiras, 
2018). The process will start from a request for action and will be completed 
with a specific agreement of execution process. The organization has to 
choose the best option of averaging the outcomes from each different 
stakeholder for finalizing the decision (Firouzabadi et al., 2008). 

 
 

The decision-making problem is considered as hard and challenging due to 
these reasons: 

1. They are non-repetitive, unprecedented and unique (Firouzabadi et al., 
2008) 

2. Criteria may conflict within themselves. For example, customers want 
to have high quality products but not expensive (Bai et al., 2015) (Tseng 
et al., 2007) 

3. Tangible vs intangible criteria. For example, tangible criteria consist of 
objectively be measured like a fuel consumption. For intangible criteria, 
the examples are like the flexibility, quality, and efficiency. This cannot 
be converted into a numeric value (Yang et al., 2006) (Ordoobadi et al., 
2001)  

 

Multiple-criteria decision making (MCDM) is a combination of methodologies 
to perform a comparison, selection and establishing a ranking system where 
multiple and various conflicting criteria are involved consisting of  tangible and 
intangible criteria (Castro & Parreiras, 2018). MCDM has been widely used in 
resolving the real decision making problems. The application of MCDM 
technique is inclusive from the autonomous drive until the assessment of Mars 
mission (Chen et al., 2014). On the other hand, the MCDM technique has also 
been widely used for supplier selection, evaluation and material selection 
(Castro & Parreiras, 2018). 
 

 
MCDM techniques have been successfully applied to a wide range of 
applications in automotive industry with engineering design heavily relying on 
this technique for problem solving analysis and decision making analysis. The 
Analytical Hierarchy Process (AHP) is the most consistent technique followed 
by PROMETHEE as integrated approaches are more usual than individual 
ones. There are numbers of application of fuzzy methods to tackle uncertainty 
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observed being applied for this application (Castro & Parreiras, 2018). It is 
known that MCDM method is suitable for dealing with the complex decision-
making in automotive sectors with different subjects and terms but no further 
analysis is performed for EE scope. There’s a gap identified in the automotive 
industry. 
 

 
The integration of three research methods known as FMEA-IPA-DEMATEL 
analysis model is being used in the semi-conductor industry. FMEA is 
pragmatic to detect the features to be enhanced, followed by employing IPA 
to deliberate the enhancement of the significance and performance of the 
features. Finally, DEMATEL is used to discover the underlying relation and 
interface among those features. The objective of performing this analysis is to 
help the decision-makers to ascertain the essential difficulties to be enhanced 
and give proposals on the problem-solving structure (Tsai et al., 2018). FMEA 
is commonly used during the beginning of design stage that actively involves 
participation from various groups of people from different departments 
especially from Engineering and Manufacturing. This application is not really 
suitable to identify the actual cause of failures while dealing with the real-field 
issues that require prompt actions to be taken in terms of containment, 
correction, corrective and preventive actions. 
 

 
Hybrid problem solving technique will be used as part of the integration 
techniques that combined two methods of the root cause analysis technique 
consisting of Cause and Effect diagram with the 5 Whys analysis techniques. 
This technique is arranged in sequence in A3 analysis template to assist the 
decision-makers and respective stakeholders to evaluate the problems, 
perform analysis, and establish the final mitigation actions such as 
containment and permanent solutions to ensure no re-occurrence for similar 
issues in the future. The validation of case study by using this method will be 
performed to ensure the effectiveness of the newly suggested method 
compared to various problem solving method technique and not limited to the 
subsea industry alone. 

 
 

1.5  Objectives of Study 
 

 
The purpose of this study is to review the application and implementation of 
hybrid problem solving method to identify the actual cause of failures in subsea 
industry. This study aims to address the following:  

1. To analyses current problem solving methods applied for different 
industries 

2. To develop hybrid problem solving method that preventing failures in 
subsea industry  
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3. To validate hybrid problem solving method by using case study in 
subsea industry 

 
 

1.6 Scope of Work 
 

 
In this study, development of A3 analysis method by performing the hybrid 
method from cause and effect diagram (fishbone diagram) and 5 Whys 
analysis technique are chosen to be used to identify the actual cause of failure. 
Upon identifying the actual cause of failure, corrective and preventive actions 
measured are taken to minimize the effect of failure and to come out with the 
recommendation actions on how to improve the situation for future products.  
 

 
The failure for this incident is considered as re-occurrence and the subject of 
the failure may contribute to the fastener's material selection decision. Thus, 
proposed lab analysis based on the new stud bolt material for the same 
application that will be used for future design of subsea tree will be tested with 
controlled parameter of subsea environment.  The objective is to understand 
the mechanical behavior and reaction towards the subsea environment and to 
confirm if there are any differences on the chemical composition compared to 
the failed stud bolt.  
 
 

1.7 Limitation of Works 
 

 
Literature review on the different methodologies on problem solving methods 
is limited to the literature search performed between year 2010 to 2018. This 
is to ensure only recent problem solving methods applied for different 
industries are still reliable to compare with. The proposed improvement 
material that will be used for future subsea tree’s design was tested based on 
the guideline and reference made to ASTM D1141 Artificial Seawater. The 
analysis was performed by comparing the test analysis results for the failed 
stud bolt versus the fresh stud bolt from the same batch. The input from mill 
supplier in regards of the manufacturing process control was not able to be 
obtained due to expiration of the documentation record of more than 7 years. 
 
 

The identification of actual cause of failure will heavily rely on the final output 
from the 5 Whys analysis technique. Further analysis may be required to 
continue with the whys upon having the information from the mill suppliers. 
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This is important to understand on how the material hardness was controlled 
and reviewed during in-process stage. 
 

 
1.8 Thesis Layout 
 
 

The present thesis consists of five chapters namely the introduction, literature 
review, methodology, results and discussion, and conclusion and 
recommendation. The first chapter - introduction provides a general 
information and background of subsea industry in terms of equipment used 
and the process involved. Problem statement, objective of study, and scope of 
work are also discussed and presented to ensure proper flow is shared to 
create some awareness and interaction with readers. 
 

 
Chapter two - literature review discusses and overviews previous similar study 
conducted earlier in terms of overall quality management, quality tools and 
techniques, and decision making methodology used to resolve the issue. The 
literature review continues with detailed review on similar incidents happening 
in the past during the subsea operation of the usage of the similar fasteners 
during operation and understand the cause of failures and corrective actions 
taken to improve the situation. Finally, findings of literature review are 
compared against each other to establish the research gap to come out with 
the proposal to improve the project. 
 

 
Chapter three - methodology describes the process flow on how to achieve the 
objective of study. This chapter is focusing on the application of quality tools 
and techniques to detect the real cause of failure and establish the 
recommended actions for improvements. Proposed lab analysis consists of 
suitable jig design, code and practice, and standard of operation which was 
formed to provide guidance and reference during the actual testing activity. 
 

 
Chapter four - results and discussion discuss the results from the A3 analysis 
technique with supporting data from the lab analysis report. Results of the lab 
analysis will be used to establish the empirical data such as mechanical 
properties, hardness value and chemical composition that will be used to 
conclude the findings on the analysis. 
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Chapter five - conclusion and recommendations emerge the conclusions 
based on the objectives of investigations and problem analysis of the study 
and recommendation for future studies. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

122 
 

REFERENCES 
 

Anderson, J.C., Gerbing, D.W., 1988. Structural equation modeling in 
practice: a review and recommended two-step approach. Psychol. 
Bull. 103 (3), 411–423. 

Anderson, J.C., Rungtusanatham, M., Schroeder, R.G., 1994. A theory of 
quality man- agement underlying the Deming management 
method. Acad. Manag. Rev. 19 (3) 

Anderson, M., & Soha, A.S. (1999). A study of relationship between quality 
management practices and performance in small businesses. 
International Journal of Quality and Reliability Management, 16 
(9): 859-877. 

API Spec 6A, Specification for Wellhead and Christmas tree equipment, 
20th edition, 2010, (Modified ISO 10423:2009). 

API Std 6A718, Nickel Base Alloy 718 (UNS N07718) for Oil and Gas 
Drilling and Production Equipment, Second Edition, 2009, 
Includes Errata (2010). 

API RP 6HT, Heat Treatment and Testing of Carbon and Low Alloy Steel 
Large Cross-Section and Critical Section Components, 2nd 
Edition, 2013. 

API Spec 16A, Specification for drill through equipment, 3rd edition, 2004. 
API Spec 16C, Choke and kill system, 1st edition, 1993. 
API Spec 17D, Design and operation of subsea production systems – 

Subsea wellheads and tree equipment 2nd edition, May 2011, 
(Identical to ISO 13628-4:2011). 

API RP 17G, Recommended Practice for Completion/Workover Risers, 
Second Edition, 2nd edition, 2006, (Identical to ISO 13628-7:2005). 

API Spec 20E, Alloy and Carbon Steel Bolting for Use in the Petroleum and 
Natural Gas Industries, 1st edition, August 2012. 

A.S. Cheliyan, S.K Bhattacharyya, Fuzzy fault tree analysis of oil and gas 
leakage in subsea production systems, Journal of Ocean 
Engineering and Science 3 (2018) 38-48 

A. Shanian, O. Savadogo, Topsis multiple-criteria decision support 
analysis for material selection of metallic bipolar plates for polymer 
electrolyte fuel cell, J. Power Sources 159 (2) (2006) 1095–1104, 
https://doi.org/10.1016/j. jpowsour.2005.12.092. 

ASME B1.1, Unified Inch Screw Threads (UN and UNR Thread Form), 
2003. 

ASME/ANSI B18.2.2, Square and Hex Nuts (inch series), 1987, Reaffirmed 
1999. 

ASME Boiler and Pressure Vessel Code, Section VIII Division 2, Alternative 
Rules, 2013. 

ASME Boiler and Pressure Vessels Code, Section VIII Division 3, 
Alternatives Rules for Construction of High Pressure Vessels, 
2013. 

ASME B31.3, Process piping, 2012. 
ASME B18.18, Quality Assurance for Fasteners, 2011. 
A.S. Milani, A. Shanian, C. Lynam, T. Scarinci, An application of the 

analytic network process in multiple criteria material selection, 



© C
OPYRIG

HT U
PM

123 
 

Mater. Des. 44 (2013) 622–632, 
https://doi.org/10.1016/j.matdes.2012.07.057. 

ASTM A962, Common requirements for bolting intended for use at any 
temperature for cryogenic to the creep range, 2013b. 

Blake, A., What Every Engineer Should Know about Threaded Fasteners: 
Materials and Design, Marcel Decker, 1986. 

Bickford, J.H., An Introduction to the Design and Behavior of Bolted Joints, 
Marcel Decker, 1990. 

BS EN 10204:2004 Metallic products. Types of inspection documents 
DAMT/FEA/1694 Rev. F, Limit Load and Proof tests for 1.250-8UN 
and 2.250-8UN nut/stud assemblies, 20th September 2010. 

Bunney, H.S., & Dale, B.G. (1997). The implementation of quality 
management tools and techniques: A study. TQM Magazine, 9(3): 
183-189. 

C. Bai, B. Fahimnia, J. Sarkis, Sustainable transport fleet appraisal using a 
hybrid multi-objective decision making approach, Ann. Oper. Res. 
(2015) 1– 32, https://doi.org/10.1007/s10479-015-2009-z. 

C.-C. Yang, B.-S. Chen, Supplier selection using combined analytical 
hierarchy process and grey relational analysis, J. Manuf. Technol. 
Manage. 17 (7) (2006) 926–941, 
https://doi.org/10.1108/17410380610688241. 

Chen HM, Wu CH, Tsai SB, Yu J, Wang J, Zheng Y. Exploring key factors 
in online shopping with a hybrid model. SpringerPlus 2016;5:2046. 
http://dx.doi.org/10. 1186/s40064-016-3746-4 

Cheng, C.H., & Lin, Y. (2002). Evaluating the Best Main Battle Tank Using 
Fuzzy Decision Theory with Linguistic Criteria Evaluation. 
European journal of Operational Research, 142 174-186. 

Choo, A. S., Nag, R., & Xia, Y. (2015). The role of executive problem 
solving in knowledge accumulation and manufacturing 
improvements. Journal of Operations Management, 36, 63–74. 
https://doi.org/10.1016/j.jom.2015.03.001 

Crosby. (1979). Quality is free. New York: Mc Graw Hill. 
Deming, W.E. (1986). Out of the Crisis. Cambridge: Massachusetts 

Institute of Technology Press. 
Deming, W.E., 1994. The New Economics for Industry, Education, 

Government, 2nd ed. MIT Press, Cambridge, MA. 
Deming, W.E., 1986. Out of the Crisis. MIT Press, Cambridge, MA. 
Djan Magalhaes Castro, Fernando Silva Parreiras, A review on multi-

criteria decision-making for energy efficiency in automotive 
engineering, Applied Computing and Informatics (2018) 

DNV-RP-B401, Cathodic Protection Design, October 2010.  
Fabio P., Richard C., Fabio S., Judimar C and Terry S (2011). Evaluation 

of the performance of Inconel 718 fasteners subjected to cathodic 
protection systems in offshore and subsea applications. ASME 
2011 30th International Conference on Ocean, Offshore and Arctic 
Engineering, pages 165 - 172. 

Fan., Z.P., & Zhang, Q. (2002). An approach to multiple attribute decision 
making based on fuzzy preference information on alternatives. 
Fuzzy Set and System, 131: 101-106. 



© C
OPYRIG

HT U
PM

124 
 

Feigenbaum, A.V. (1991). Total quality control ( 3 ed.) New York: McGraw-
Hill, Inc 

Flynn, B.B., Saladin, B., 2001. Further evidence on the validity of the 
theoretical models underlying the Baldrige criteria. J. Oper. Manag. 
19 (6), 617–652. 

Fontela E, Gabus A. The DEMATEL Observer (DEMATEL 1976 Report). 
Switzerland, Geneva: Battelle Geneva Research Center; 1976. 

Gabus A, Fontela E. Perceptions of the world problematique: 
Communication procedure, communicating with those bearing 
collective responsibility, DEMATEL re- port No. 1. Geneva, 
Switzerland: Battelle Geneva Research Cente; 1973. 

Govindan Kannan, Shankar K Madan, Kannan Devika. Sustainable 
material selec- tion for construction industry – A hybrid multi 
criteria decision making approach. Renew Sustain Energy Rev 
2016;55(3):1274–88. 

Greiff, S., Holt, D., & Funke, J. (2013). Perspectives on problem solving in 
educational assessment: Analytical, interactive, and collaborative 
problem solving. The Journal of Problem Solving, 5, 71–91. 

Groocock, J.M. (1986). The chain of quality: Market dominance through 
superior product quality. New York: John Wiley & Sons. 

Guimarães CF, Lapa CMF. Fuzzy FMEA applied to PWR chemical and 
volume control system. Progress Nucl Energy 2004;44 (3):191–
213. 

Guo JJ, Tsai SB. Discussing and Evaluating Green Supply Chain 
Suppliers: a Case Study of the Printed Circuit Board Industry in 
China. South Afr J Ind Eng 2015;26(2):56–67. 

Hajime Y, Kenichi I, Hajime M. An innovative product development process 
for resolving fundamental conflicts. J Jpn Soc Precis Eng 
2005;71(2):216–22. 

Handfield, R., Jayaram, J., & Ghosh, S. (1999). An empirical examination 
of quality tool deployment patterns and their impact on 
performance. International Journal of Production Research, 37(6): 
1403-1426. 

Ho, W., Dey, P.k., & Higson, H.E. (2006). Multiple Criteria Decision-Making 
Techniques in Higher Education. International Journal of 
Educational Management Decision, 20: 319-337. 

H. Huang, L. Zhang, Z. Liu, J.W. Sutherland, Multi-criteria decision making 
and uncertainty analysis for materials selection in environmentally 
conscious design, Int. J. Adv. Manuf. Technol. 52 (5) (2010) 421–
432, https://doi.org/ 10.1007/s00170-010-2745-9. 

Hunt, V.D. (1995). Quality management for government : A guide to federal, 
state and local implementation. Milwaukee: ASQC Quality Press. 

J. Hui, M. Lundteigen, M. Rausand, J. Risk Reliab. 226 (6) 2012 79-85 
L. Anojkumar, M. Ilangkumaran, V. Sasirekha, Comparative analysis of 

mcdm methods for pipe material selection in sugar industry, Expert 
Syst. Appl. 41 (6) (2014) 2964–2980, 
https://doi.org/10.1016/j.eswa.2013.10.028. 

Liu Hu-Chen, You Jian-Xin, Lu Chao, Chen Yi-Zeng. Evaluating health-
care waste treatment technologies using a hybrid multi-criteria 



© C
OPYRIG

HT U
PM

125 
 

decision making model. Renew Sustain Energy Rev 
2015;41(1):932–42. 

ISO 17020, Conformity assessment – General criteria for the operation of 
various types of bodies performing inspection, 2012. 

ISO 13628-1:2005 Petroleum and natural gas industries - Design and 
operation of subsea production systems - Part 1: General 
requirements and recommendation. 

ISO 10423:2009 Petroleum and natural gas industries -- Drilling and 
production equipment - Wellhead and Christmas tree equipment 

Ishikawa, K. (1985). What is Total Quality Control? The Japanese Way. 
London: Prentice-Hall. 

J. Chen, P. Zhao, H. Liang, T. Mei, A multiple attribute-based decision 
making model for autonomous vehicle in urban environment, in: 
Intelligent Vehicles Symposium Proceedings, 2014 IEEE, 2014, 
pp. 480–485. https://doi.org/10. 1109/ivs.2014.6856470. 

Juran, J.M. (1981). Product quality: A prescription for the west. 
Management Review, 70 (6): 8-14. 

Juran, J.M. (1988). Juran on planning on quality. New York: Free Press 
Juran, J.M. (1992). Juran on Quality by Design: The New Steps for 

Planning Quality into Goods and Services. New York: The Free 
Press. 

Juran, J.M., & Gryna, F.M. (1993). Quality Planning and Analysis (Third 
ed.). New York: McGraw-Hill. 

Kirkemo, F., Fasteners – Strength and Quality Requirements, PVP2014-
28719. 

Lee SC, Su JM, Tsai SB, Lu TL. A comprehensive survey of government 
auditors' self‑efficacy and professional Development for improving 
audit quality. SpringerPlus 2016;5:1263. 
http://dx.doi.org/10.1186/s40064-016-2903-0. 

Lee YC, Li ML, Yen TM, Huang TH. Analysis of adopting an integrated 
decision making trial and evaluation laboratory on a technology 
acceptance model. Expert Syst Appl 2010;37:1745–54. 

Lee YC, Hsieh YF. Integration of revised simultaneous importance 
performance analysis and decision making trial and evaluation 
laboratory – A study of mobile telecommunication industry in 
Taiwan. Afr J Bus Manag 2011;5(6):2312–21. 

Lee YC, Wang YC, Chien CH, Wu CH, Lu SC, Tsai SB, Dong W. Applying 
Revised Gap Analysis Model in Measuring Hotel Service Quality. 
SpringerPlus 2016;5:1191. http://dx.doi.org/10.1186/s40064-016-
2823-z. 

Lee YC, Wang YC, Lu SC, Hsieh YF, Chien CH, Tsai SB, Dong W. An 
empirical research on customer satisfaction study: a Consideration 
of different levels of per- formance. SpringerPlus 2016;5:1577. 
http://dx.doi.org/10.1186/s40064-016- 3208-z. 

Liu HC, Liu L, Liu N, Mao LX. Risk evaluation in failure mode and effects 
analysis with extended VIKOR method under fuzzy environment. 
Expert Syst Appl 2012;39 (17):12926–34. 

Mallur, S.B., & Hiregouder, N.L. (2010, June 30 – July 2). A survey of TQM 
practices in North Karnataka manufacturing SMEs: An empirical 

http://dx.doi.org/10.1186/s40064-016-2823-z
http://dx.doi.org/10.1186/s40064-016-2823-z


© C
OPYRIG

HT U
PM

126 
 

evaluation. Paper presented at the World Congress on 
Engineering, London. 

Mallur, S.B., Hiregrouder, N.L., & Sequeira, A.H. (2011). The Relationship 
between TQM Practices and Business Excellence in Small and 
Medium Sized Manufacturing Enterprises of North Karnataka 
Region. SDM 1MD Journal of Management, 2(1): 18-31. 

McQuarter, R.E., Dale, B.G., Scurr, C., & Hillman, P. (1995). Using Quality 
Toolsand Techniques Succesfully. TQM International, Frodsham. 

M.L. Tseng, Y.H. Lin, A.S.F. Chiu, J.C.H. Liao, Using fanp approach on 
selection of competitive priorities based on cleaner production 
implementation: a case study in pcb manufacturer, Taiwan, Clean 
Technol. Environ. Policy 10 (1) (2007) 17–29, 
https://doi.org/10.1007/s10098-007-0109-4. 

NACE MR0175/ISO 15156-1, Petroleum and natural gas industries - 
Materials for use in H2S - containing Environments in oil and gas 
production, Part 1: General principles for selection of cracking-
resistant materials. 

Nancy R. Tague’s The Quality Toolbox, Second Edition, ASQ Quality    
Press, 2005, pages 247–249. 

Norsok M-001, Materials Selection, Edition 5, 2014. 
N. Sakundarini, Z. Taha, S.H. Abdul-Rashid, R.A. Ghazilla, J. Gonzales, 

Multi- objective optimization for high recyclability material selection 
using genetic algorithm, Int. J. Adv. Manuf. Technol. 68 (5) (2013) 
1441–1451, https://doi. org/10.1007/s00170-013-4933-x. 

P. Chatterjee, V.M. Athawale, S. Chakraborty, Selection of materials using 
compromise ranking and outranking methods, Mater. Des. 30 (10) 
(2009) 4043–4053, https://doi.org/10.1016/j.matdes.2009.05.016. 

Powell, T.C. (1995). Total quality management as competitive advantage: 
A review and empirical study. Strategic Management Journal, 
16(1): 15. 

Rørvik, G.Haaland, B.Ø., and Kirkemo, F., Fasteners in subsea application 
– end user experiences and requirements, OMAE2014-24520. 

R.J. Girubha, S. Vinodh, Application of fuzzy vikor and environmental 
impact analysis for material selection of an automotive component, 
Mater. Des. 37 (2012) 478–486, 
https://doi.org/10.1016/j.matdes.2012.01.022. 

R. Khorshidi, A. Hassani, A.H. Rauof, M. Emamy, Selection of an optimal 
refinement condition to achieve maximum tensile properties of Al–
15% Mg2Si composite based on topsis method, Mater. Des. 46 
(2013) 442–450, https://doi.org/10.1016/j.matdes.2012.09.050. 

R. Khorshidi, A. Hassani, Comparative analysis between topsis and psi 
methods of materials selection to achieve a desirable combination 
of strength and workability in al/sic composite, Mater. Des. 52 
(2013) 999– 1010, https://doi.org/10.1016/j.matdes.2013.06.011. 

R. Sadiq, T. Husain, B. Veitch, N. Bose, Evaluation of generic types of 
drilling fluid using a risk-based analytic hierarchy process, Environ. 
Manage. 32 (6) (2004) 778–787. 

R.V. Rao, A decision making methodology for material selection using an 
improved compromise ranking method, Mater. Des. 29 (10) (2008) 
1949– 1954, https://doi.org/10.1016/j.matdes.2008.04.019. 

http://asq.org/quality-press/display-item/index.html?item=H1224


© C
OPYRIG

HT U
PM

127 
 

Scherer, R., & Tiemann, R. (2014). Evidence on the effects of task 
interactivity and grade level on thinking skills involved in complex 
problem solving. Thinking Skills and Creativity, 11, 48–64. 

Samet Haidar, Marzbani Fatemeh. Quantizing the deterministic 
nonlinearity in wind speed time series. Renew Sustain Energy Rev 
2014;39:1143–54. 

Strantzali Eleni, Aravossis Konstantinos. Decision making in renewable 
energy in- vestments: a review. Renew Sustain Energy Rev 
2016;55(3):885–98. 

Sharma RK, Kumar D, Kumar P. Systematic failure mode effect analysis 
(FMEA) using fuzzy linguistic modeling. Int J Qual Reliab Manag 
2005;22:986–1004. 

Shian-Jong Chuu. Selecting the advanced manufacturing technology using 
fuzzy multiple attributes group decision making with multiple fuzzy 
information. Computers and Industrial Engineering (2009) 

S.M.A.K. Firouzabadi, B. Henson, C. Barnes, A multiple stakeholders 
approach to strategic selection decisions, Comput. Ind. Eng. 54 
(4) (2008) 851–865, https://doi.org/10.1016/j.cie.2007.10.015. 

S.M. Ordoobadi, N.J. Mulvaney, Development of a justification tool for 
advanced manufacturing technologies: system-wide benefits 
value analysis, J. Eng. Tech. Manage. 18 (2) (2001) 157–184, 
https://doi.org/10.1016/s0923- 4748(01)00033-9. 

S.R. Maity, S. Chakraborty, A visual decision aid for gear materials 
selection, J. Inst. Eng. (India): Ser. C 94 (3) (2013) 199–212, 
https://doi.org/10.1007/ s40032-013-0080-2. 

 
Su JM, Lee SC, Tsai SB, Lu TL. A comprehensive survey of the relationship 

between self ‑ efficacy and performance for the governmental 
auditors. SpringerPlus 2016;5:508. 
http://dx.doi.org/10.1186/s40064-016-2104-x. 

Tsai SB, Lee YC, Wu CH, Guo JJ. Examining how manufacturing 
corporations win orders. South Afr J Ind Eng 2013;24(3):112–24. 

Tsai SB, Chien MF, Xue Y, Li L, et al. Using the fuzzy DEMATEL to 
determine environmental performance: a case of printed circuit 
board industry in Taiwan. PLoS One 2015;10(6):e0129153. 
http://dx.doi.org/10.1371/journal.pone. 0129153. 

Tsai SB, Saito R, Lin YC, Chen Q, et al. Discussing measurement criteria 
and com- petitive strategies of green suppliers from a Green law 
perspective. Proceedings of the institution of mechanical 
engineers. Proc Inst Mech Eng, Part B: J Eng Manuf 
2015;229(S1):135–45. 

Tsai SB, Chen KY, Zhao H, Wei YM, Wang CK, Zheng Y, Chang LC, Wang 
J. Using a mixed model to explore evaluation criteria for bank 
supervision: a banking super- vision law perspective. PLoS One 
2016;11(12):e0167710.http://dx.doi.org/10. 
1371/journal.pone.0167710. 

Tsai SB, Li G, Wu CH, Zheng Y, Wang J. An empirical research on 
evaluating banks' credit assessment of corporate customers. 
SpringerPlus 2016;5:2088. http://dx.doi. org/10.1186/s40064-016-
3774-0. 

http://dx.doi.org/10.1186/s40064-016-2104-x
http://dx.doi.org/10.1371/journal.pone.%200129153


© C
OPYRIG

HT U
PM

128 
 

Tsai SB, Xue Y, Zhang J, et al. Models for forecasting growth trends in 
renewable energy. Renew Sustain Energy Rev 2016. 
http://dx.doi.org/10.1016/j.rser.2016. 06.001. 

Tsai, S. B., Yu, J., Ma, L., Luo, F., Zhou, J., Chen, Q., & Xu, L. (2018). A 
study on solving the production process problems of the 
photovoltaic cell industry. Renewable and Sustainable Energy 
Reviews, 82(November 2016), 3546–3553. 
https://doi.org/10.1016/j.rser.2017.10.105 

Tsai SB, Xue Y, Huang PY, et al. Establishing a criteria system for green 
production. Proc Inst Mech Eng, Part B: J Eng Manuf 
2015;229(8):1395–406. 

Tzeng GH, Chiang CH, Li CW. Evaluating intertwined effects in e-learning 
pro- grams: a novel hybrid MCDM model based on factor analysis 
and DEMATEL. Expert Syst Appl 2007;32:1028–44. 

W.E. Vesely, F.F. Goldberg, N.H Roberts, D.F. Haasl, Fault Tree 
Handbook, US Nuclear Regulatory Commission, Washington D.C., 
USA, 1981  

Wu WW, Lee YT. Developing global managers' competencies using the 
fuzzy DEMATEL method. Expert Syst Appl 2007;32(2):499–507. 

Zhou J, Wang Q, Tsai SB, Xue Y, Dong W. How to evaluate the job 
satisfaction of development personnel. IEEE Trans Syst Man 
Cybern-Syst 2016:2016. http://dx. 
doi.org/10.1109/TSMC.2016.2519860. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

https://doi.org/10.1016/j.rser.2017.10.105



