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Abstract. Welding delays are one of the major risks in steel construction industry in
Thailand. Therefore, it is essential to study and analyze the risk factors that lead to problems
causing welding construction delays. This studied focused on delay risk factors in causes of
construction projects collected from literature review having the different construction
processes, project period, culture, countries, and amount of delay factors for contribution
in welding construction projects. Questionnaire surveys and interviews were conducted on
major companies connected to welding works in support of the construction projects in
Thailand to survey thought problems causing delays and risk factors. Risk factors related to
internal and external risk were rated among the risks identified problems. Issues such as
material receiving, performance, qualified and language barriers were also highlighted in the
questionnaire and during interviews. Notably, the problem such as “multilingual and
multicultural” caused ineffective communication. A case study used the FMEA technique
to analyze the severity, occurrences and detection, and evaluate to risk priority number.
Significant risks were analyzed and compared between the Modified RPN and WRPN
method for finding the “Critical risk”. The new finding can contribute additional help for
project managers to predict and mitigate welding construction project delays.
Keywords: Delay risk, Thailand, fabrication risk, welding risk, construction.
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1. Introduction

welding construction project in Thailand and developing
countries.

Delay risk has a negative effect on a project on
stakeholders in terms of growth in relationships,
management and include legal problems have always been
one of the major problems in the construction industry [14]. Normally, when the project is delayed, it necessarily
accelerated or extended time leading to incurring cost
overrun, quality or production reduction [5-7]. Its effect
extends to include the stockholder in terms of arbitration,
dispute and litigation. Delay can be defined as an incident
or action that extends the time required to complete the
project identified in a contract. The key factors impacting
delays in the construction project can be classified delay
into excusable compensable, excusable non-compensable
and non-compensable delays while Dhananjay K.,2015
divided that problem causing of delays are related factors
mainly in Consultant, Contractor, Client, Material, Labor
and equipment. Meanwhile in the steel construction
project were related “welding activities” are a sufficient
factor in the projects and one mostly risk factors that lead
to the project delays due to inadequate quality, safety,
engineering design and procurement systems.
Thailand is becoming a newly industrialized country.
The construction industry is the main sector for the
growth of the countries general economy and investment
opportunities [3]. Steel construction industry is in one
category of construction industries and fabrication
exports, that have “welding activity” are primarily works.
The problem causing welding construction project delay
in Thailand related to engineering designers, clients,
subcontractors and were rated among the top problems
[8]. Among many problems that welding construction
projects face Thailand include construction materials,
human
resources,
technology
and
technical
skills/knowledge [9]. Welding is across disciplinary
technique widely used in steel construction projects in
Thailand such as offshore/onshore construction, boiler &
pressure vessel, shipbuilding, pipelines, and within many
other fields. The importance of welding for the
construction industry at the present time is unquestionable
and it is difficult even to imagine the welding construction
projects operating without risk assessment and the quality
of the project is satisfactory. Most researches studies
examining the problem causing construction project
delays meanwhile in Thailand, few researchers study and
mainly focus on welding construction projects.
This study was literature reviews both outside the
region and focused on Asia regional researches for finding
problem causing of delay, gap contribution, prepared a
questionnaire and interviews. All of these were applied to
studies in welding construction projects in Thailand. New
and up-to-date investigation address the problems causing
risks, the main risk factors of welding in project delay, and
accumulation contributing a range of risk, assess the risks
and prioritize them to be mitigated appropriately,
contributing to the knowledge and deployment of the
critical risks that should be taken into consideration for
34

2. Theoretical
Review

Background

and

Literature

Thailand, called “Center” of Asean Economic
Community (AEC) is located in the heart of Southeast
Asia. AEC was established in December 2015 between 10
member states. Construction industry sector is one of the
important sectors that contributes to and promotes
Thailand's economic growth. In 2017, according to the
IMF [10], Thailand had a GDP of US$ 455 billion, The
economy is expected to post 4.1% growth in 2018 and 8th
largest economy in Asia [11].

Fig. 1. Ranking and score of starting a business in Thailand.
It was reported that Thailand was ranked 1st in Asia
and 47 of 190 economies on the ease of starting a business.
This is determined by sorting their scores for starting a
business shown in Fig. 1 [11]. The construction industry
including the steel fabrication project is the main sector
for developing the country. It is essential to study and
analyze the risk factors that lead to problems such as
welding construction project delays in Thailand.
Previous studies were reviewed in the project risks in
terms of delay risk in the construction projects. The
growing application of risk management and quality
controls in welding both as a regulatory and contractual
requirement as a management discipline has had a
significant impact on welding, the importance of the delay
in construction projects. Delay and risk assessment in the
construction project has been a research topic for decades.
Many researchers have studied the causes and effects of
project delay. The cost overrun and time delay in their
project and country through studies, questionnaires survey
and in-depth interviews with experts personal in
construction project [2, 12-14].

ENGINEERING JOURNAL Volume 25 Issue 5, ISSN 0125-8281 (https://engj.org/)

DOI:10.4186/ej.2021.25.5.33

2.1. Problems Causing Construction Delays and
Literature Reviews
The delay risk has been one of the primary problems in
the construction industry [1, 2, 4, 15]. Normally, when the
project is delayed, the spread time or accelerated its lead
the way incur additional cost [3, 14]. The excusable
compensable, excusable non-compensable and noncompensable are the three key factors impacting delay in
the project [1]. Risk analysis is about developing an
understanding of the risk. Descriptive statistics methods
of organizing namely “relative importance index, RII”
were used to finding the relative importance of attributes
perceived by the respondents [3, 16, 17]. Cronbach’s alpha
is a tool test used to estimate the internal consistency or
reliability, of a composite score. Constructs’ reliability is
satisfied when Cronbach’s ‘α’ coefficient value exceeds 0.7
[12, 18]. One of the risk assessment techniques that is used
through analysis in this research is the Failure Mode and
Effect Analysis technique.
FMEA is a technique in ISO31010 [19, 20] for
managing high priority risk factors for mitigation or
preventing the work problem leading to the failures and
minimizing the incidence by evaluates failure modes of
severity, occurrence and detection [15, 21-24]. Islam and
Suhariadi [15] surveyed to identify project delays in
Bangladesh by identified 60 risk factors. They present that
the primary causes of schedule delay in Bangladesh found
in huge building projects were attributed to that a
construction manager lacks experience in the construction
project, which is a root cause of schedule delay. This was
similar to the highest risk of delay problem found in UAE
[4], Vietnam [25, 26] and Taiwan [27].
The high-risk ranked factors found in Bangladesh had
insignificant impacts on construction projects in Korea
[12], Benin [28] and Egypt [29]. Clearly, the factors of
significant events cannot be considered common across
the countries [2]. Zou and Zhang [13] studied surveys and
findings on risk factors in China construction and parallel
surveys in the Australian construction industry and found
the main key risks that clients, designers and government
bodies should manage the risk and work cooperatively. He
also identified the risk sufficient index score of staff
member attempt in the improvement of a project while
the risk importance index (RII) method used to determine
the rank of each item(effect) in Pakistan [9], Malaysian [3].
The risk assessment technique of ISO31010 was used
to evaluate, analyze and improve the delay risks in welding
construction projects [30]. Kang and Sun [31] conducted
risk assessment through a modified FMEA named
correlation-FMEA. They suggested in the fabrication and
marine operations were aspects of realistic weather criteria
of particular importance. Park et al. [12] studied risk
factors and assessment in Korean companies by modified
RPN method of each factor as a multiplication of
importance, Severity (S), Occurrence (O), Detection (D)
found that payment delays and project delays are the two
most critical risk factors affecting construction
management companies [32]. Aumpiem and Prateepasen

[33] studied the FMEA and brainstorming technique to
reduce the course and effect in discoloration of piping
welding with duplex materials which help the productivity,
quality of the project in the pipeline welding fabrication
work. Pandey and Sharma [34] studied the model of
various risks in potential modes of failure. AHP, FMEA
and WRPN have been applied and calculated which he
proposed an approach based on the combination of wellestablished methodologies. Saaty in 1980 was introduced
the Analytic Hierarchy Process (AHP), which is a
technique for organizing and multi-criteria decision
analysis based on mathematics composed of two steps is
determined the relative weights and rankings(priority) [7].
This study was a literature review and focused on Asia
regional research for application in this study. Summary
critical risks reviewed, the gap of this literature and risk
technique used as shown in Table 1. Moreover, some of
the risk factors utilized are risk factors in the questionnaire.
2.2. Problems Causing in Welding Construction
Project
Welding is a process that uses fusion to connect
materials together which is used in many industries and it
is the main of the principal activities in modern fabrication,
shipbuilding, boiler& pressure vessel offshore/onshore
industry. The performance of these industries regarding
product quality, delivery schedule, productivity and
economy depends upon structure design, production
planning, welding technology [35]. Failure of welded
construction steel components can occur due to design
imposed, management control, the performance of
welding, wrong steel choice, working environment or
quality controls [36, 37]. Fatigue strength in welding is one
of the strength problems which affect the design of
contemporary ship’s structures [38]. The contractor's
financial capability is the highest delay risk including the
inadequacy of experience or capability of contractors lead
to the delay risk factors in an offshore platform, the subsea
pipeline of an oil & gas projects [39].

3. Research Methodology
To address the objectives stated above, this study was
separated into three parts: First, review literature related to
the critical risk factors are influences on typical project
delays, period project, culture, countries and factors are
the root cause of delayed project which focused in Asia
region of the offshore/onshore construction projects,
boiler & pressure vessel, and shipbuilding in Thailand
construction projects. For design, a questionnaire and
interviews were used to collect data for implementation
and applicability in the welding construction project.
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Table 1. The literature review focused on Asia regional of delay, risk factors and finding the gap contribution.
Researches

Country
of studied

Major of risk factors effective in delays
1) Lack of experienced construction
manager

Islam,
2018 [15]

Bangladesh

3) Fund shortage by owner
5) Improper planning and scheduling

2017 [12]

Fallahnejad,
2013 [40]

Korea

Iran

- Schedule delay is the main reason for project failure.
- Owner, consultants and contractors are no significant

2) Lowest bidder selection
4) Lack of proper management

Park et al.,

Gap of literature

variation of respondents by Kruskal-Wallis Test
- Identifies the responsibility of major stakeholders
- Focused on the privately large building projects

1) Payment delay

- Investigate risk factors critical to project execution.

2) Legal dispute with a client

- Risk analysis methods using AHP and FMEA

3) Customer dissatisfaction with field service

- Interviews the top 15 Korean CM firms

4) Contract revocation

- Project and & Payment delays are the most critical risk factors

1) Low ability to provide or imported

- Identify and rank the causes of delay in Iran

material

- 10 experts, 43 questionnaires in studies

2) Unrealistic contract durations imposed

- Imported material is most important is delay project

3) Material by the client is slow delivery

- RII finding importance factor and Spearman Test used finding

4) Slow land expropriation

the correlation coefficient

1) Law and Order Situation
2) Design is changes
Gardezi,
2013 [9]

3) Unsuitable availability of Funds with
Pakistan

Client

- Identify the delays that result in time extension factors
- Identified 27 factors are significant contributions to time
extensions

4) War & Terrorism
5) Insignificant knowledge of site

- The funds' incentives can adopt lowering the effects of delays

management
1) Vendors delivery materials delay
2) Drawing/design not available on time
Doloi,
2012 [2]

India

3) Contractor has financial constraints
4) Scope of work has increase
5) Obtaining permissions from local
authorities

and ElRasas, 2014

payments
construction

inefficient site management
- Lack of commitment is a top-five of factor analysis
- SPSS tool to use estimated the extent of correlation among
- In the study was analyzed and compared to the most
delay.
- Statistical analysis is accomplish using analysis of variance

3) Subsurface conditions is affected

[29]

- Key factors affecting time performance occurred from

important

2) Owner changes the scope during
Egypt

problem

various variables.

1) Owner completed work the Finance and
Marzouk

- The most important cause of a contractor is Financial

4) Labors are low productivity level

ANOVA method to test delay causes.
- Material related, Shortage of construction materials in the
market are highest severity index

1) Owner is low ability to handle the mega
projects
2) Project path is a lot of variations
Han,
2009 [4]

Korea

3) Not suitable in the delivery system of the
project
4) Inappropriate to the time managing tools
5) Change orders carry out the complexity of

- The analysis discovered five major delay causes for railway
- Suggests lessons learned to better prepare and potential causes
of time delays
- Project managers should consider various social and
political factors in addition to time, cost, quality and cost.

an express railway
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Table 1 The literature review focused on Asia regional of delay, risk factors and finding the gap contribution (continues)
Researches

Country of
studied

Major of risk factors effective in delays

Gap of literature

1) Site management and Supervision is

- Comparison among countries of delay and cost overruns

inferior
Le-Hoai,
2008 [26]

Vietnam

2) Inferior assistance of project management

- Index Analysis and Spearman’s Rank Correlation used

4) Contractor has financial difficulties

- Poor site management and supervision controls are most

1) Time over expansion

2007 [3]

2) Cost over expansion
Malaysia

3) Arguments
4) Arbitration
5) Litigation
1) Project funding problems
2) Variations by the client

Zou,
2007 [13]

China

Africa and Asia

3) Owner has Financial difficulties
5) Changes of design

Sambasivan,

- A comparison of various selected construction industries in

3) Price inflation of construction materials
4) Program scheduling was inadequate
5) Difficulty in reimbursement for
Contractor’s

frequent, severe and important causes
- 150 respondents, 28 different factors and 6 most effected of
delay
- RII and ranking of categories were identified by Clients,
Consultants, Contractors
- Contractor’s improper planning and time overrun is cause
and effect of the delay
- Studies key risks in the construction projects
-The findings risk factors by parallel survey in Australian and
China
- Risks category were related to clients, contractors,
subcontractors, designers and government agencies

values which give the ranking score. The top ten of RII
are shown the “significant risks”, to be analyzed by the
FMEA technique. FMEA was applied to assess the risks
of delay using three criteria is occurrence, detection and
severity evaluated to define the risk priority numbers
(RPN) by 13 construction experts e.g. welding managers,
senior welding engineers and project managers are
working in welding construction projects. The mean value
evaluation showed the average of a data set and
Cronbach's was used to determine the relative variance,
reliability and internal consistency of the questionnaire
and analysis tool use SPSS and MS. Finally, the RPN
applicable to the Modified RPN and WRPN method of
the significant risk for comparing and finding the “critical
risk factors” which is a priority to be considered for
elimination or mitigation in welding construction projects
of Thailand. The model of this study is shown in Fig. 2.
3.1. Preparation of the Questionnaire
Fig. 2. The model of study in problems causing delays and
risk factors.
Second, a risk matrix was used during risk assessment
to define the level of risk by considering the category of
severity against the category of impact as shown in Eq. (1)
and applicable to find the relative importance index (RII)

After the literature review, a questionnaire list was
developed based on previous studies and literature
research in Vietnam, UAE, China, Malaysia, Pakistan,
Korea, Turkey, and Thailand [3, 5, 13, 16, 17, 41]. The
face-to-face interviews were conducted with owners,
fabricators, engineering and managers in construction
industries. Before distributing the questionnaire were sent
to the perceptions of construction experts in welding

ENGINEERING JOURNAL Volume 25 Issue 5, ISSN 0125-8281 (https://engj.org/)

37

DOI:10.4186/ej.2021.25.5.33

construction company through review the questionnaire
in conveying the variables applicable for Thailand and all
the respondents affirmed that the survey was adequate to
the causes of delay risk in the welding construction project.
The construction experts recommend that the language
barrier may be one factor through effective delay risk.
The questionnaire survey comprehensive 43 potential
delay factors were distributed to representative sample in
the welding construction company. The questionnaire was
divided into significant are four parts. The first part was
intended to background and general information due to
the respondent’s profile such as sex, age, education and
experience in working. The second part requested
background information about a business company,
business category and average project size. The third part
requested the understanding of background in risk
management standards, risk tools, and quality control
systems. Some data of the third part will be use study in
future research and the fourth part focused on the risk
factors related to the delay in welding construction
projects which is a key of this study.
3.2. Questionnaire Survey Responses
The targeted respondents were selected from the
Department of Business Development of Thailand (DBD)
which directs to the welding construction industry. The
sampling method used convenience and snowball
sampling. This method is chosen when it is difficult to
receive a response from the sample elements chosen at
random. A questionnaire was distributed through our
friends working in the welding construction company in
Thailand. This sampling method assisted us to get
completed questionnaires quickly [3].
The questionnaire response was completed and
returned through personal email. The respondents were
asked to evaluate their delay risk (Probability and Impact)
in construction project management practices based on
the Likert scale used. The Likert scale of 1–5 points was
selected to obtain the probability and impact of the delay
risk factors in the construction projects. The probability
of each factor has been evaluated by adopting a five-point
scale of 1 to 5 [42, 43]. These numerical qualities are to the
respondents' where 1 represented “rare”, 2 “occasional”,
3 “somewhat frequent”, 4 “frequent”, and 5 “very
frequent”. Likewise, the impact of each delay risk factors
was adopted, where 1 represented “very low”, 2 “low”, 3
“moderate”, 4 “high”, and 5 “very high.”

R=PxI

(1)

The delay risk level was conducted from the survey
data using probability and impact which the value resulted
of each delay factor and each respondent calculate is risk
identify. The risk identified range is divided into five risk
range scales, where n1 = 1-5, n2=6-10, n3=11-15, n4=1620 and n5=21-25 see in Table 3. N is the amount of
respondents is 78. The collected data were analyzed using
SPSS Statistics 24 and MS Excel software which value
resulted through using find the relative importance index
in the next step.
3.3.2. Relative importance index (RII)
The RII to evaluate the relative importance factor of
the various cause and effects of the delay. The risk
identified result 78 respondents from the mathematical
method in Eq. (1) to be used for calculating finding a
relative importance index method in Eq. (2).

RII =

∑𝑤
𝐴𝑁

=

5𝑛5 + 4𝑛4 +3𝑛3+2𝑛2 + 1𝑛1
5𝑁

(2)

Based on the observed result from the risk identified,
RII was calculated for each risk by SPSS software. The
resulted are presented. Table 3 showed all the delay risks
are significant 43 risk items in construction projects.
Which the top 10 most relative important factors of delay
risk in the welding construction industry in Thailand based
on risk rating. The highest mean value (average) is 2.641
and the lowest is 1.192 of delay factors. The top ten of
delay risk was to investigate and FMEA analysis next step.
3.3.3. Modified RPN and weighted risk priority number
(WRPN)
The modified RPN was identified for each factor by
multiplication importance of severity, occurrence and
detection in Eq. (3), while the weighted risk priority
number method was evaluated and identified by the
weight of parameter of each factor though the priority is
focused on S, O and D, given by Xiao and Huang [45] as
shown in Eq. (4)
Modified RPN = RII x RPN

3.3. Delay Risk Identify

(3)

WRPNi =RPNi x f(Wi) = Si x Oi x Di x f (Wi) i≠0 (4)

3.3.1. Risk assessment technique
The criteria are utilized in deciding whether the leave
of hazard is high or low. The probability(P) of an
unfortunate event and the level of reality of the impact(I).
The several criteria were involved for risk identification
may be one or more methods. Therefore, multi-criteria
for risk identified are needed. This research used a
38

mathematical description of each risk factor using a 5point Likert scale [43, 44]. The delay risk for each risk was
calculated Eq. (1).

3.3.4. Reliability analysis and FMEA analysis
The top ten of the highest delay risks were performed
reliability before the FMEA technique. We also performed
a reliability analysis and define risk priority factors. All 13
Thailand construction experts, in senior management level
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personnel were interviews intended used deeper
experience knowledge to identify the problems in the
current delay risk management practices of Thailand
welding construction industry and define representative
risk factors. The face-to-face interviews were analyzed for
the severity, occurrence, and detection of the top ten delay
risk factors based on applied FMEA techniques which the
interviewed analysis resulted for perform the risk priority
number (RPN).
The reliability analysis of the top ten delay factors
through 13 welding construction experts was analyzed by
comparing between Modified RPN technique and WRPN
technique. The Cronbach’s alpha reliability analysis in risk
factors was rectify using it is a technique a widely used
approach to measure internal consistency and determine
the factor of consistency [41, 46]. The Cronbach's alpha
coefficient, a dependability measure for interior
consistency that takes a value between zero and one, was
processed utilizing the following in Eq. (5)
𝑘

𝛼 = (𝑘−1) (

2
∑𝑘
𝑖 = 1 𝜎𝑖

𝜎𝑡2

experienced are Sw1 compare with Dw3 = 30:70, Ow2
compare with Sw1 = 60:40 and Dw3 compare with Ow2
= 60:40. The improvement risk priority is based on
WRPN instead of RPN as following Eq. (8).
WRPN = (S x βS) + (S x βO) + (S x βD)

(8)

AHP is one of the main mathematical treatments of
decision problems, currently available to support the
decision theory. AHP is the identification of suspects by
observers in project delay cases. AHP was evaluated in the
importance of factors and used to calculated is carried out
weighting factor of severity (βS = 0.48), the weighting
factor of occurrence (βO = 0.21) and a weighting factor
of detectability (βD = 0.31). The WRPN score is then
calculated by using Eq. (9). Table 4 shows the analysis
result of this study’s modified RPN method compared
with the WRPN method, and the risk score is shown to
be the highest risk of the method.

4. Data Analysis and Result

)

(5)

where α = Cronbach’s alpha; σ2𝑖 = the variance in total; ;
σ2𝑖 = variance of component, k = the number of risk
factors and i = higher Cronbach’s alpha coefficient. In
general, the score 0.8–0.9 is considered desirable and the
score is 0.6–0.7 acceptable.
It is calculated by multiplying the severity(S),
occurrence(O) and detection(D) of each risk factor using
a 5-point Likert scale resulting in a scale from 1 to 125 as
following Eq. (5). The next stage in this study calculated
the RPN of each delay factor (top ten of RII delay factors)
by modified RPN version. Which a modified RPN
method is calculated by multiplication of RII, S, O and D
as following Eq. (6).
RPN = S x O x D
Modified RPN = RII x S x O x D

(6)
(7)

The failure mode is defined as when the RPN score is
greater than the risk criterion and is considered as an
unacceptable risk, while a score lower than the risk
criterion is called acceptable. This score is varied based on
the delay risk in construction projects. In studies was
statistics calculates the relationship between S, O and D of
top ten factors are shown in Table 2.
3.3.5. Improvement risk priority based on WRPN
As we described in section 3.3.3, The RPN is the
relative importance of S, O and D. Previously all items
have been analyzed and assigned with RPN value. The
construction experts were asked to make a comparison
between Severity (Sw1), Occurrence (Ow2) and
Detectability (Dw3). For the study case was investigate,
The AHP values provided by construction experts form

All of the risks observed in the questionnaire can
occur in any construction project. The objective of the
studies is to obtain information about risk factors to
identify the key risk that can significantly and critically
influence risk management in construction projects of
Thailand.
4.1. Data Analysis Approach
All respondents’ works involved in construction
projects. In this survey research, 150 questionnaires were
distributed and sent to construction companies for
identification of risk factors of those companies. The 83
questionnaires were received after excluding the
inadequate responses of the questionnaires. Only 78 full
responses were used to obtain data on the accomplished
and useful for analysis. The 78 respondents gave a valid
responses rate of 53.3%, of which the 52 respondents
worked in local firms and 26 respondents worked in
international firms.
Of the 78 respondents, 26.92% had ages between 3135 years, 61.54% worked in engineering, 16.67% had more
than 20 years experience, 66.67% are in the local company,
and all respondents worked directly to the welding
construction project. The work experience and especially
in huge construction projects was the focus of this study.
This questionnaire found the international company has
acknowledgment in risk assessment more than the local
company which the risk assessment of work leading to risk
management is systematic.
Cronbach’s alpha value of this investigated for
severity, occurrence and detection by SPSS. The result
value of evaluated to range from 0.926 to 0.937 that the
resulted is “acceptable reliability” shown in Table 2. The
43 delay risk factors were calculated and analyzed based
on the probability and impact in which the value calculated
is the identified risk range of n1 to n5 shown in Table 3.
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The evaluation of the relative of RII found that “Delay of
material supply by suppliers” is the highest delay risk in
the welding construction project. This supports the
findings by Fallahnejad [40] to provide imported material
where the material delay was one of the key factors
affecting time delay in Iran and India construction projects
[23]. The top of delay factors: suppliers delay of material
supply and drawings and documents are not issued on
time have a RII score = 0.5282, The change of design by
owners have a RII score = 0.5205 and the frequent
changes by designers have a RII score = 0.4949. One
factor of interest in Thailand is a language barrier found
RII score = 0.4256 (16th). The lowest of the RII score =
0.2385 is labor strikes and disputes. The implementing
process for selecting good suppliers or renewed suppliers
and including the management plan for issue a document
by analyzing the factors is significant it leading to the
effect of delay risk in construction projects decrease.
Table 2. Internal consistency of top ten of significant
risk factors.
Significant risk factor

Cronbach's Alpha
Severity

Occurrence

Detection

Delay of material supply

0.929

0.932

0.928

Drawings/documents are
not issued on time

0.927

0.931

0.930

Change design required

0.933

0.932

0.933

Frequent changes of design

0.932

0.933

0.937

Subcontractors’ poor
performance

0.932

0.932

0.929

Lack of qualified staff

0.928

0.928

0.926

Contractors’ incompetence

0.928

0.929

0.928

0.926

0.930

0.927

0.933

0.936

0.929

0.929

0.930

0.930

Drawings and
specifications is deficiencies
Unreasonably imposed
tight schedule of Owners
Defective design

Based on the modified RPNs shown in Table 4. The
construction company should focus on the following
delay risk factor in descending order of priority: the delay
of material supply by suppliers(40.3), subcontractors’ poor
performance(40.1), drawings and documents are not
issued on time(35.8), contractors’ incompetence and lack
of qualified staff (28.1), owners’ unreasonably imposed
tight schedule (27.1), change of design required by
owners(23.3), frequent changes of design by
designers(21.6),
deficiencies
in
drawings
and
specifications(17.6) and Defective design(17.3).
Comparing the theory of modified RPN and WRPN
technique shown in Table 4. This study found that the top
three delay risks from analysis of the welding construction
project in Thailand obtained from both techniques
provide the same ranking while the other level risk is the
difference.
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5. Conclusions and Recommendations
This study was presented with an up-to-date risk
factor regarding the current welding construction project
scenario and the risk factors trends for eliminated or
mitigation risks of the overall welding construction project
in Thailand. Problems causing delays and risk factors of
the welding construction projects of this study survey
show the top 10 significant risk factors from among the
43 risk factors. The findings showed that problems
causing delays and risk factors of the top ten significant
risk results reveal that the type of risk the internal be called
“direct conversion delay” which implies the need to give
more priority to reducing these types of critical delay risk
while the top of external risk in 13th. The knowledge gap
of the proposed study investigated the risk factors to the
project execution plan in welding construction projects
and ranked them using modified RPN and WRPN
methods to develop the critical risk ranking. The
separation between the risk analysis of modified RPN and
WRPN method found the highest delay factors of the
delay of materials as supply by suppliers is the highest
critical delay risk which in 10th of the critical delay risk
factor is different. The analysis result on the research of
welding construction industry showed that the first of
three, both modified RPN and WRPN techniques, was
similarly in the delay of material supply by suppliers,
subcontractors’ poor performance, drawings &
documents not issued on time. The rankings in 4th-10th
of both analysis techniques are different which may be
from the project difference, cash flow and others. These
problems were similar to the condition in several other
developing countries such as UAE, China, Malaysia,
Pakistan, Benin, Turkey, and India. So that, it found that
the suppliers’ delay of material supply is the most
important cause of delay and one contribution gap in this
research while the language barrier (RII rank=16)
ineffective communication.
Finally, we found that the risk assessment by
modified RPN and WRPN method have similar of three
highest-ranked critical factors (1) delay of material supply
by suppliers, (2) subcontractors’ poor performance, and (3)
drawings and documents are not issued on time are same
the critical ranking. It is these generic and unique risks that
influence the achievement of welding construction project
objectives in Thailand. Further comparison of the
previous studies risk found that they are mainly related to
contractors, followed by clients, subcontractors and
governmental. Presently not being managed systematically
in welding construction projects because of (1) Inadequate
of communication between packet engineer and site
officer, (2) procurement lack of significant amount of
bureaucracy, (3) change of responsibility from
headquarters is to field, and (4) experience transfers to
subcontractors. To eliminate risks appropriately, strategies
to manage risks were sought from the perspectives of
project stakeholders and life cycle under the Thailand
industry background.
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Table 3. Type of risk categories, Average value and RII score of delay risk factors (Questionnaires).
Delay risk
factors

Delay factors in construction

Relative importance index factors
n1

n2

n3

n4

n5

N

RII

Mean

Type of
Risks

Rank

1

Change of design required by owners

11

28

22

15

2

78

0.5205

2.603

Internal

3

2

Owners’ unreasonably imposed tight schedule

23

27

14

10

4

78

0.4590

2.295

Internal

9

3

Owners’ improper intervention

26

25

15

9

3

78

0.4410

2.205

Internal

11

4

Delayed payment to contractors by owner

29

29

8

11

1

78

0.4103

2.051

Internal

18

5

Owner’s lack of scope of work definition

33

25

7

10

3

78

0.4077

2.038

Internal

19

6

Delays in obtaining site access and right of way

41

22

8

5

2

78

0.3564

1.782

Internal

25

7

Breach of contracts and disputes by Owners’

44

26

6

2

0

78

0.3128

1.564

Internal

31

8

Owners’ sudden bankruptcy

59

15

3

1

0

78

0.2615

1.308

Internal

39

9

Defective design

25

27

13

10

3

78

0.4436

2.218

Internal

10

10

Deficiencies in drawings & specifications

15

37

13

10

3

78

0.4692

2.346

Internal

8

11

Frequent changes of design

14

26

21

13

4

78

0.5154

2.577

Internal

4

12

Drawings and documents are not issued on time

11

33

12

17

5

78

0.5282

2.641

Internal

2

13

Accidents during construction

33

25

13

7

0

78

0.3846

1.923

Internal

22

14

Poor quality of work

22

35

11

8

2

78

0.4282

2.141

Internal

14

15

Low productivity of labor & equipment

30

27

13

7

1

78

0.4000

2.000

Internal

20

16

Unpredicted the technical problems in construction

22

37

9

9

1

78

0.4205

2.103

Internal

17

17

Contractors’ incompetence

17

32

15

13

1

78

0.4692

2.346

Internal

7

18

Lack of qualified staff

20

29

12

14

3

78

0.4744

2.372

Internal

6

19

Subcontractor poor performance

15

29

18

14

2

78

0.4949

2.474

Internal

5

20

Subcontractor breach of contracts & disputes

37

29

6

6

0

78

0.3513

1.756

Internal

26

21

Delay of material supply by suppliers

11

26

22

18

1

78

0.5282

2.641

Internal

1

22

Quality problems of supplier materials

18

38

12

10

0

78

0.4359

2.179

Internal

12

23

Language barrier

24

30

15

8

1

78

0.4256

2.128

External

16

24

War threats and political instability

54

16

6

0

2

78

0.2923

1.462

External

37

25

Labor strikes and disputes

63

15

0

0

0

78

0.2385

1.192

External

43

26

Changes in laws and regulations

57

17

3

1

0

78

0.2667

1.333

External

38

27

Corruption and bribes

49

20

7

2

0

78

0.3026

1.513

External

33

28

Delays in approvals

23

34

10

8

3

78

0.4308

2.154

External

13

29

Criminal acts

60

16

1

1

0

78

0.2538

1.269

External

41

30

Substance abuse

49

17

7

4

1

78

0.3205

1.603

External

28

31

Conflicts due to differences in culture

62

12

3

1

0

78

0.2538

1.269

External

42

32

Inflation and sudden changes in prices

48

24

5

1

0

78

0.2949

1.474

External

36

33

Currency fluctuation

50

20

6

1

1

78

0.3000

1.500

External

35

34

Shortage in material supply and availability

25

35

14

4

0

78

0.3923

1.962

External

21

35

Shortage in manpower supply and availability

23

30

18

6

1

78

0.4256

2.128

External

15

36

Shortage in equipment availability

29

32

12

4

1

78

0.3846

1.923

External

23

37

Unexpected inclement weather

43

26

6

3

0

78

0.3205

1.603

External

29

38

Unforeseen site conditions

55

22

1

0

0

78

0.2615

1.308

External

40

39

Delays in resolving contractual issues

34

35

8

1

0

78

0.3385

1.692

External

27

40

Delays in resolving disputes

43

26

6

3

0

78

0.3205

1.603

External

30

41

Unfairness in tendering

30

32

12

4

0

78

0.3744

1.872

External

24

42

Local protectionism

41

32

5

0

0

78

0.3077

1.538

External

32

43

Difficulty in claiming insurance compensation

46

26

4

2

0

78

0.3026

1.513

External

34
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Table 4. Critical risks compared between the Modified RPN and WRPN method.
Modified RPN Calculate
Risk significant

Delay of material supply
by suppliers
Subcontractors’ poor
performance
Drawings and documents
are not issued on time
Lack of qualified staff
Contractors’
incompetence
Owners’ unreasonably
imposed tight schedule
Change of design required
by owners
Frequent changes of
design by designers
Deficiencies in drawings
and specifications
Defective design

Type of
risk

RPN
S

O

D

RII

Modified
RPN

Ranking

βS

βO

βD

0.48

0.21

0.31

S

O

D

WRPN

Critical
risk
(%)

Ranking

Internal

40.36

4.00

2.85

3.54

0.528

21.31

1

4.0

2.9

3.5

3.616

15.42

1

Internal

40.14

3.85

3.15

3.31

0.495

19.87

2

3.9

3.2

3.3

3.536

14.38

2

Internal

35.80

3.69

3.08

3.15

0.528

18.90

3

3.7

3.1

3.2

3.395

13.68

3

Internal

28.06

3.23

2.69

3.23

0.474

13.30

5

3.2

2.7

3.2

3.117

9.63

6

Internal

28.13

3.54

2.46

3.23

0.469

13.19

4

3.5

2.5

3.2

3.217

9.55

4

Internal

27.08

3.54

2.62

2.92

0.459

12.43

6

3.5

2.6

2.9

3.155

9.00

5

Internal

23.38

3.23

2.85

2.54

0.521

12.18

7

3.2

2.9

2.5

2.936

8.82

7

Internal

21.55

3.00

2.92

2.46

0.515

11.10

8

3.0

2.9

2.5

2.816

8.03

9

Internal

17.52

2.92

2.23

2.69

0.469

8.22

9

2.9

2.2

2.7

2.704

5.95

10

Internal

17.29

3.38

2.08

2.46

0.444

7.68

10

3.4

2.1

2.5

2.822

5.56

8

Recommendation from this research discussion,
several recommendations are suggested to reduce possible
delay risk and to improve the conditions if delay risk is met
for a welding construction project: Provide an initial
planning and sourcing supplier at the initial project state
in examining possible delay risk may be encountered. To
evaluate and assess a risk assessment and quality control
at the initial project providing comprehensive methods,
providing training/experience transfers and development
programs to the subcontractors, employee, and staff,
communicate with owners, consultants, and contractors
with other project parties by regular meetings to ensure
that the project progressing well. Although, the time delay
leading to cost overrun is very common which it can be
eliminated or reduced by applying an appropriate
presentation observing and control framework that will be
coordinated with all the key perspectives and activities of
each phase of the construction project. Hence it would be
useful for future research to focus on innovation of
welding quality management systems in the
comprehensive welding requirement of ISO3834, welding
networks model, and applicable use the set mathematic
about risk factors, the quality requirement for contribution
in welding fabrication industrials.
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