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ABSTRACT

Demolition can be defined as dismantling, razing, destroying or wrecking of
any building or structure or any part thereof. Demolition work involves many of the
hazards associated with construction. However, demolition also involves additional
hazards due to unknown factors which makes demolition work particularly
dangerous. In order to make the demolition project safer, everyone at a demolition
site must be fully aware of the hazards they may encounter and the safety precautions
that they must take to protect themselves and their employees. Safety risk assessment
is a planning tool that can be used to improve safety performance at demolition site.
In the absence of a special tool for demolition safety risk assessment, a prototype
Decision Support System (DSS) based on failure mode and effect analysis that
enables decision makers to systematically and semi-quantitatively identify, analyze
and evaluate safety risks factors in demolition project has been developed. The
prototype is named Hybrid Demolition Safety Risk Assessor (HDSRA). It has three
modules; (i) safety risk identification, (ii) safety risk analysis and (iii) safety risk
evaluation. Module one aids the decision makers to identify thirty-seven safety risks
that is developed by reviewing safety literatures and forming consensus among
Delphi panel of experts. In addition, the module introduces seven immediate causes
that trigger occurrence of those thirty-seven safety risks. The second module
comprised a hybrid decision making model based on Decision Making Trial and
Evaluation Laboratory (DEMATEL) and Analytic Network Process (ANP) that
relatively estimates likelihood of thirty-seven safety risks with respect to seven
immediate causes. The third module evaluates and prioritizes the safety risks by
using two ranking methods; Analytic Hierarchy Process (AHP) and
VIseKriterijumska Optimizacija I Kompromisno Resenje (VIKOR). The HDSRA
prototype is then developed by integrating module 1, 2 and 3 and evaluated by a
group of demolition experts. HDSRA acts as information source that can be used by
demolition contractors to identify safety risks in a systematic way. Therefore,
possibility of raising error during risk identification process in the implementation of
demolition work is reduced. Decision support system that is produced by the
HDSRA prototype, proactively proposes action that should be taken by demolition
safety experts to control risks at workplace. And finally, HDSRA can be also used as
a training tool to raise safety awareness among demolition workers.
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ABSTRAK

Perobohan boleh ditakrifkan sebagai membuka, memotong, memusnah atau
menghancurkan bangunan atau struktur atau mana-mana bahagiannya. Terdapat pelbagai
bentuk bahaya dalam kerja perobohan yang berkait rapat dengan kerja pembinaan.
Namun begitu kerja perobohan akan menjadi sangat bahaya sekiranya terdapat faktor-
faktor lain yang tidak diketahui ketika perobohan dilaksanakan. Dalam usaha untuk
memastikan projek perobohan yang lebih selamat, semua pihak yang terlibat di tapak
perobohan perlu sedar sepenuhnya tentang bahaya yang mereka hadapi dan langkah-
langkah keselamatan perlu ambil untuk melindungi diri dan pekerja. Penilaian risiko
keselamatan adalah kaedah perancangan yang boleh digunakan untuk meningkatkan
prestasi keselamatan di tapak perobohan. Disebabkan ketiadaan kaedah khas untuk
penilaian risiko keselamatan perobohan, maka, kajian ini telah membangunkan prototaip
Decision Support System (DSS) berdasarkan mod kegagalan dan analisis kesan. Prototaip
yang dibangunkan membolehkan pembuat keputusan untuk mengenal pasti faktor-faktor
keselamatan risiko dalam projek perobohan secara sistematik dan separa kuantitatif serta
menganalisis dan menilai keselamatan risiko yang terlibat. Prototaip ini dinamakan
Hybrid Demolition Safety Risk Assessor (HDSRA). Ia mengandungi tiga modul; (i)
mengenal pasti risiko keselamatan, (ii) analisis risiko keselamatan dan (iii) penilaian
risiko keselamatan. Modul pertama membolehkan pembuat keputusan untuk mengenal
pasti tiga puluh tujuh risiko keselamatan yang telah dibangunkan dengan merujuk
kepada literatur keselamatan dan maklumbalas daripada panel pakar Delphi. Di samping
itu, modul yang dibangunkan turut mengenalpasti tujuh penyebab utama yang
menghasilkan tiga puluh tujuh risiko keselamatan. Modul kedua terdiri daripada model
membuat keputusan hibrid yang berasaskan kepada Decision Making Trial and
Evaluation Laboratory (DEMATEL) dan Analytic Network Process (ANP) yang
menganggarkan kemungkinan berlakunya tiga puluh tujuh risiko keselamatan daripada
tujuh penyebab utama. Modul ketiga menilai dan menganggarkan risiko keselamatan
dengan menggunakan dua kaedah ranking; Analytic Hierarchy Process (AHP) dan
VIseKriterijumska Optimizacija I Kompromisno Resenje (VIKOR). Prototaip HDSRA
kemudiannya dibangunkan dengan mengintegrasikan modul 1, 2 dan 3 dan seterusnya
dinilai oleh sekumpulan pakar perobohan. HDSRA berfungsi sebagai sumber maklumat
yang boleh digunakan oleh kontraktor perobohan untuk mengenal pasti risiko
keselamatan dengan cara yang sistematik. Ianya juga dapat mengurangkan kemungkinan
berlakunya kesilapan dalam proses pengenalpastian risiko ketika kerja perobohan
dilaksanakan. Prototaip ini turut menghasilkan satu sistem sokongan keputusan yang
proaktif dengan mencadangkan tindakan yang perlu diambil oleh pakar keselamatan
perobohan untuk mengawal risiko di tempat kerja. HDSRA juga boleh digunakan
sebagai alat bantuan latihan untuk meningkatkan kesedaran keselamatan di kalangan
pekerja perobohan.
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CHAPTER 1

INTRODUCTION

1.1 Research Background

Construction and demolition industries have historically been linked together.

Although they are major contributors to economy, yet considered unsafe and risky

(Tam et al., 2004). Continual change, dynamic nature, hazard prone working

environment, concurrent use of different resources and coordinating multiple

contractors, sub-contractors and labors that may have different degree of expertise

and safety attitude increase risk of injury (Pinto et al., 2011). Researches show in

United Kingdom (UK) where safety performance is better than many countries

construction workers are five times more likely to be killed than all industry average

(Carter and Smith, 2006). In Malaysia, the increasing number of fatal and non-fatal

injuries from construction occupational accident is alarming (Chong and Low, 2014).

Poor safety performance not only threatens human life; it has negative influence on

economics. Therefore, continues efforts have been put to improve health and safety

performance. Construction industry in Malaysia, where is going to become a

developed country in 2020, shall be a world-class, innovative, and knowledgeable

global solution provider. To achieve this vision seven strategic thrusts have been

designed; striving for the highest standard of quality, occupational safety and health

and environmental practices is one of them.

Considering rapid infrastructure development that Malaysia is experiencing,

old buildings are being replaced by skyscrapers. This has resulted in more demolition

works and a bright future for demolition contractors. However, demolition sector is
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yet immature when it is compared with the UK, US and other developed countries.

Inadequate safety and poor environmental performance are the major weaknesses; an

example of which is Jaya Supermarket collapse (Hussein, 2013; Ismail and Kasim,

2013; Zaini et al., 2012). A tragic accident that grabbed attention of public sector and

authorities. This unfortunate accident was a turning point in history of demolition

work. The definition oriented view towards demolition works, “tearing down” rather

than “built”, changed when the first Malaysia’s demolition code of practice was

developed. Malaysian Standard (MS 2318:2012) is a good practice that aims to

minimize risks of causing damage to properties, keep neighboring environment safe

and improve safety of site personnel. It mainly covers technical aspects of demolition

work and shows the steps should be taken in order to safely demolish structural

elements. Additionally, it legally makes practitioners responsible of carrying our risk

assessment throughout the work. However, no further information is given on how

demolition risk assessment should be carried out or what technique should be used

for the purpose of assessment.

1.2 Problem Statement

Occurrence of occupational accident in construction or demolition site is due

to failure in interaction of four immediate accident causes namely work team,

workplace factors, equipment and materials (GIBB et al., 2006; Hide et al., 2003).

Risk assessment is part of construction or demolition safety plan that if get

implemented carefully by decision maker, prevents occurrence of those failures.

Unfortunately, risk assessment is considered burdensome document and submitted to

authorities as a proof to comply with legal requirement; only to escape from

government fines (Saurin et al., 2004). In practice safety risk assessment in

construction or demolition projects is limited to qualitative methods (e.g.,

Preliminary Hazard Analysis (PHA), checklists) (Liu and Tsai, 2012; Pinto et al.,

2011b; Pinto et al., 2010). Using qualitative methods are simple but the information

obtained from such methods is subjective (Liu and Tsai, 2012). On the contrary,

quantitative methods (e.g., Fault Tree Analysis (FTA), Event Tree Analysis (ETA))

produce reliable results but hard to use (Liu and Tsai, 2012). These methods are the
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best alternative for assessing safety risks in static environments where rich risk data

is easily available and accessible.

While construction and demolition works are project oriented, dynamic and

unique, neither quantitative, nor qualitative methods of risk assessment seem to be a

right choice for safety risk assessment (Liu and Tsai, 2012). The absence of

systematic risk assessment method that not only produces reliable results, but also be

simple and supported by strong methodology is considered a major problem. Taking

into account the above limitations, this research proposes a semi-quantitative method

for demolition safety risk assessment.

There are several formal semi-quantitative risk assessment methods. Failure

mode and effect analysis (FMEA) is one of them. Although it is primarily a

manufacturing quality assessment tool, it can be used as safety risk assessment tool

in construction industry (Zeng et al., 2015; Liu and Tsai, 2012; Abdelgawad and

Fayek, 2010). However, this technique is not free from limitation. Over the last

decade, a lot of research works have been conducted to improve FMEA. Among

which using fuzzy set theory is worth mentioning. The latest method to improve

FMEA is employing Multiple Criteria Decision Making (MCDM) methods. There

are many MCDM methods available that can be used to solve FMEA limitations.

Selecting the most appropriate method is a key contributing factor to the body of

knowledge. This research however, proposes a hybrid solution that integers multiple

MCDM methods in order to overcome conventional limitations associated with

FMEA which ultimately make it more suitable and usable for assessing safety risks

associated with demolition works.

1.3 Research Aim and Objectives

The aim of this research is to improve safety performance at demolition site.

By developing a semi-quantitative risk assessment tool that identify, analyze and

evaluate demolition safety risks. In this regards four objectives are designed.
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 To identify demolition safety risk factors

 To determine available causal relationship among the safety risk factors

 To develop a safety risk assessment Decision Support System (DSS) that

named Hybrid Demolition Safety Risk Assessor (HDSRA)

 To evaluate suitability and usability of Hybrid Demolition Safety Risk

Assessor

1.4 Scope of Research

This research specifically focuses on demolition safety risks and does not

cover health hazards. Based on the definition of risk assessment, identification,

analysis and evaluation of safety risks are covered in this work; types of controlling

measures that should be used and how they should be implemented are beyond the

scope of this research. This research also focuses on full demolition and does not

cover partial demolition or renovation works.

1.5 Research Justification

Improving construction and demolition safety record needs collaborative

involvement of different parties such as authorities, client, consultant and contractor.

In the absence of a special tool for demolition safety risk assessment, demolition

contractors use unstructured and non-systematic risk assessment methods at site.

These methods solely rely on experience and knowledge of risk assessor. In large

scale projects especially when number of safety risks increases risks assessment

which is considered a decision making process will be a complex task. Human brain

with the aid of unstructured method may not successfully make a right decision; this

includes risk identification, risk analysis and risk ranking. When risk assessment

produces unreliable results, the controlling measures that should be put in place to



5

prevent occurrence of safety accident may not be efficient. This finally imposes risk

to human life and causes losing money. Therefore, there is a need to develop a

decision support system that identify, analyze and rank demolition safety risks.

1.6 Research Framework and Thesis Layout

In line with Figure 1.1 which presents framework of research, this thesis is

written in seven chapters.

Figure 1.1 : Research Framework

To evaluate the Hybrid Demolition Safety Risk Assessor
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Chapter 1, Introduction, introduces research background, problem statement,

aim, objectives, scope of research, justification and thesis layout.

Chapter 2, Literature Review, presents safety and risk assessment literatures.

In this chapter industrial and construction accident causation theories are presented to

understand those causes that trigger occurrence of demolition safety risks. This

chapter also aims to identify what accident may occur at demolition site. DSS is

another issue that together with DSS development tools, techniques and DSS

evaluation strategy are addressed in this chapter.

Chapter 3, Research Methodology, focuses on research methodology. It

shows the process through which the four research objectives are achieved. Design

and functional architecture of DSS are presented in this chapter. They are the road

map that shows how researcher develops HDSRA. This chapter also presents

prototype evaluation method that is adopted to verify and validate HDSRA.

Chapter 4, Data Collection and Analysis, presents Delphi and DEMATEL

data collection and analysis strategy. In this chapter those accidents that occur in

structural demolition environment are verified. In addition, this chapter determines

the causal relationships among demolition safety risks factors.

Chapter 5, Prototype Design and Development, presents how researcher

designs architecture of HDSRA with the aid of AHP, ANP, DEMATEL and VIKOR;

and how this architecture is converted into a functional prototype.

Chapter 6, Prototype Evaluation is all about DSS evaluation. An evaluation

toolkit is developed in this chapter and HDSRA with the aid of this toolkit (HDSRA-

Evaluator) in focus group is evaluated. The strengths and weaknesses of system

prototype are identified in this chapter. The results of this chapter are used to

improve prototype.



7

Chapter 7, Conclusion and Recommendation closes the thesis by presenting

research findings, research contributions, limitations of research and opportunities

for future research.



REFERENCES

Abdelgawad, M. and Fayek, A. R. (2010). Risk management in the construction

industry using combined fuzzy FMEA and fuzzy AHP. Journal of

Construction Engineering and Management. 136 (9): 1028-1036.

Abdelgawad, M. and Fayek, A. R. (2011). Comprehensive hybrid framework for risk

analysis in the construction industry using combined failure mode and effect

analysis, fault trees, event trees, and fuzzy logic. Journal of Construction

Engineering and Management. 138 (5): 642-651.

Abdelhamid, T. S. and Everett, J. G. (2000). Identifying root causes of construction

accidents. Journal of Construction Engineering and Management. 126 (1): 52-

60.

Abdullah, A. (2003). Intelligent selection of demolition techniques. Doctor

Philosophy, University of Loughborough

Al-Humaidi, H. and Tan, F. H. (2011). Using Fuzzy Failure Mode Effect Analysis to

Model Cave-In Accidents. Journal of Performance of Constructed Facilities.

26 (5): 702-719.

Ale, B., Baksteen, H., Bellamy, L., Bloemhof, A., Goossens, L., Hale, A., Mud, M.,

Oh, J., Papazoglou, I. A. and Post, J. (2008). Quantifying occupational risk:

The development of an occupational risk model. Safety Science. 46 (2): 176-

185.

Aneziris, O., Papazoglou, I. and Doudakmani, O. (2010). Assessment of occupational

risks in an aluminium processing industry. International journal of industrial

ergonomics. 40 (3): 321-329.

Aneziris, O. N., Topali, E. and Papazoglou, I. A. (2012). Occupational risk of building

construction. Reliability Engineering & System Safety. 105: 36-46.



206

Anojkumar, L., Ilangkumaran, M. and Sasirekha, V. (2014). Comparative analysis of

MCDM methods for pipe material selection in sugar industry. Expert Systems

with Applications. 41 (6): 2964-2980.

Arquillos, A. L., Romero, J. C. R. and Gibb, A. (2012). Analysis of construction

accidents in Spain, 2003-2008. Journal of safety research. 43 (5): 381-388.

Asan, U., Soyer, A. and Serdarasan, S. (2012). A fuzzy analytic network process

approach.Computational Intelligence Systems in Industrial Engineering 155-

179,  Springer.

Baker, J., Bouchlaghem, D. and Emmitt, S. (2013). Categorisation of fire safety

management: Results of a Delphi Panel. Fire Safety Journal. 59: 37-46.

Bakri, A., Mohd Zin, R., Misnan, M. S. and Mohammed, A. H. (2006). Occupational

Safety and Health (OSH) management systems: towards development of safety

and health culture. 6th Asia-Pacific Structural Engineering and Construction

Conference. 5-6 September, Kuala Lumpur, Malaysia. C19-28.

Bellamy, L., Ale, B., Whiston, J., Mud, M., Baksteen, H., Hale, A. R., Papazoglou, I.

A., Bloemhoff, A., Damen, M. and Oh, J. (2008). The software tool

storybuilder and the analysis of the horrible stories of occupational accidents.

Safety Science. 46 (2): 186-197.

Bellamy, L., Ale, B. J., Geyer, T., Goossens, L. H., Hale, A. R., Oh, J., Mud, M.,

Bloemhof, A., Papazoglou, I. A. and Whiston, J. (2007). Storybuilder—A tool

for the analysis of accident reports. Reliability Engineering & System Safety.

92 (6): 735-744.

Bird, F. E. and Loftus, R. G. (1976). Loss control management. Institute Press.

British Standards Institution (2008). BS OHSAS 18002: Occupational Health and

Safety Management Systems: Guidelines for the Implementation of OHSAS

18001: 2007. Retrived from http://www.iso.org

Burstein, F. and Holsapple, C. (2008). Handbook on decision support systems 2:

variations. Springer Science & Business Media.

Büyüközkan, G. and Çifçi, G. (2012). A novel hybrid MCDM approach based on fuzzy

DEMATEL, fuzzy ANP and fuzzy TOPSIS to evaluate green suppliers. Expert

Systems with Applications. 39 (3): 3000-3011.



207

Büyüközkan, G. and Ruan, D. (2008). Evaluation of software development projects

using a fuzzy multi-criteria decision approach. Mathematics and Computers in

Simulation. 77 (5): 464-475.

Carr, V. and Tah, J. (2001). A fuzzy approach to construction project risk assessment

and analysis: construction project risk management system. Advances in

Engineering software. 32 (10): 847-857.

Carter, G. and Smith, S. D. (2006). Safety hazard identification on construction

projects. Journal of Construction Engineering and Management. 132 (2): 197-

205.

Chamorro, A., Miranda, F. J., Rubio, S. and Valero, V. (2012). Innovations and trends

in meat consumption: An application of the Delphi method in Spain. Meat

science. 92 (4): 816-822.

Chang, B., Chang, C.-W. and Wu, C.-H. (2011). Fuzzy DEMATEL method for

developing supplier selection criteria. Expert Systems with Applications. 38

(3): 1850-1858.

Chang, K.-H., Chang, Y.-C. and Tsai, I.-T. (2013). Enhancing FMEA assessment by

integrating grey relational analysis and the decision making trial and evaluation

laboratory approach. Engineering Failure Analysis. 31: 211-224.

Chang, K.-H. and Cheng, C.-H. (2010). A risk assessment methodology using

intuitionistic fuzzy set in FMEA. International Journal of Systems Science. 41

(12): 1457-1471.

Chapman, J. and Dimitrijevic, V. (1999). Challenges in using a probabilistic safety

assessment in a risk informed process (illustrated using risk informed inservice

inspection). Reliability Engineering & System Safety. 63 (3): 251-255.

Chen, P.-S. and Wu, M.-T. (2013). A modified failure mode and effects analysis

method for supplier selection problems in the supply chain risk environment:

A case study. Computers & Industrial Engineering. 66 (4): 634-642.

Chen, Z. (2010). A cybernetic model for analytic network process. Machine Learning

and Cybernetics (ICMLC), 2010 International Conference on, IEEE.

Cheng, C.-W., Leu, S.-S., Cheng, Y.-M., Wu, T.-C. and Lin, C.-C. (2012). Applying

data mining techniques to explore factors contributing to occupational injuries



208

in Taiwan's construction industry. Accident Analysis & Prevention. 48: 214-

222.

Cheng, C.-W., Lin, C.-C. and Leu, S.-S. (2010). Use of association rules to explore

cause–effect relationships in occupational accidents in the Taiwan construction

industry. Safety science. 48 (4): 436-444.

Chi, C.-F., Chang, T.-C. and Ting, H.-I. (2005). Accident patterns and prevention

measures for fatal occupational falls in the construction industry. Applied

ergonomics. 36 (4): 391-400.

Chi, C.-F., Lin, Y.-Y. and Ikhwan, M. (2012a). Flow diagram analysis of electrical

fatalities in construction industry. Safety science. 50 (5): 1205-1214.

Chi, S. and Han, S. (2013). Analyses of systems theory for construction accident

prevention with specific reference to OSHA accident reports. International

Journal of Project Management. 31 (7): 1027-1041.

Chi, S., Han, S. and Kim, D. Y. (2012b). Relationship between Unsafe Working

Conditions and Workers’ Behavior and Impact of Working Conditions on

Injury Severity in US Construction Industry. Journal of Construction

Engineering and Management. 139 (7): 826-838

Chin, K.-S., Chan, A. and Yang, J.-B. (2008). Development of a fuzzy FMEA based

product design system. The International Journal of Advanced Manufacturing

Technology. 36 (7-8): 633-649.

Chong, H. Y. and Low, T. S. (2014). Accidents in Malaysian construction industry:

statistical data and court cases. International Journal of Occupational Safety

and Ergonomics. 20 (3): 503-513.

Chou, J.-S. and Tu, W.-T. (2011). Failure analysis and risk management of a collapsed

large wind turbine tower. Engineering Failure Analysis. 18 (1): 295-313.

Chu, G., Chen, T., Sun, Z. and Sun, J. (2007). Probabilistic risk assessment for

evacuees in building fires. Building and Environment. 42 (3): 1283-1290.

Cortés, J. M., Pellicer, E. and Catalá, J. (2011). Integration of occupational risk

prevention courses in engineering degrees: Delphi study. Journal of

Professional Issues in Engineering Education & Practice. 138 (1): 31-36.



209

Cuny, X. and Lejeune, M. (2003). Statistical modelling and risk assessment. Safety

science. 41 (1): 29-51.

Davis, C., Johnson, P. and Miller, A. (2003). Selection of Erosion Control Measures

for Highway Construction. World Water & Environmental Resources

Congress, ASCE.

De Landre, J., Gibb, G. and Walters, N. (2006). Using incident investigation tools

proactively for incident prevention. Australian & New Zealand Societies of Air

Safety Investigators Conference 2006.

Dennis, A., Wixom, B. H. and Tegarden, D. (2015). Systems analysis and design: An

object-oriented approach with UML. John Wiley & Sons.

Doménech, E., Escriche, I. and Martorell, S. (2010). Exposure Assessment based on a

combination of event and fault tree analyses and predictive modelling. Food

control. 21 (10): 1338-1348.

Dorussen, H., Lenz, H. and Blavoukos, S. (2005). Assessing the reliability and validity

of expert interviews. European Union Politics. 6 (3): 315-337.

Ferdous, R., Khan, F., Sadiq, R., Amyotte, P. and Veitch, B. (2011). Fault and event

tree analyses for process systems risk analysis: uncertainty handling

formulations. Risk Analysis. 31 (1): 86-107.

Franceschini, F. and Galetto, M. (2001). A new approach for evaluation of risk

priorities of failure modes in FMEA. International Journal of Production

Research. 39 (13): 2991-3002.

Gad, G. M. and Shane, J. S. (2012). A Delphi study on the effects of culture on the

choice of dispute resolution methods in international construction contracts.

Construction Research Congress: 1-10

Gangolells, M., Casals, M., Forcada, N., Roca, X. and Fuertes, A. (2010). Mitigating

construction safety risks using prevention through design. Journal of safety

research. 41 (2): 107-122.

Gangolells, M., Casals, M., Gassó, S., Forcada, N., Roca, X. and Fuertes, A. (2009).

A methodology for predicting the severity of environmental impacts related to

the construction process of residential buildings. Building and Environment.

44 (3): 558-571.



210

Gavious, A., Mizrahi, S., Shani, Y. and Minchuk, Y. (2009). The costs of industrial

accidents for the organization: developing methods and tools for evaluation

and cost–benefit analysis of investment in safety. Journal of loss prevention in

the process industries. 22 (4): 434-438.

Gharaibeh, H. M. (2013). Cost control in mega projects using the Delphi method.

Journal of Management in Engineering. 30 (5): 04014024.

Gibb, A. G., Haslam, R., Gyi, D. E., Hide, S. and Duff, R. (2006). What causes

accidents? Proceedings of the Institution of Civil Engineers: Civil Engineering,

Thomas Telford Journals. 159(6): 45-60

Groeneweg, J. (1996). Controlling the controllable. The management of safety.

Psychological studies, Leiden: DSWO Press, Leiden University,| c1996, 3rd

ed. 1.

Gürcanli, G. E. and Müngen, U. (2009). An occupational safety risk analysis method

at construction sites using fuzzy sets. International Journal of Industrial

Ergonomics. 39 (2): 371-387.

Gwo-Hshiung, T. (2010). Multiple attribute decision making: methods and

applications. Multiple Attribute Decision Making: Methods and Applications.

Hadjimichael, M. (2009). A fuzzy expert system for aviation risk assessment. Expert

Systems with Applications. 36 (3): 6512-6519.

Hallowell, M. R. and Gambatese, J. A. (2009). Qualitative research: Application of the

Delphi method to CEM research. Journal of construction engineering and

management. 136 (1): 99-107.

Hamid, A., Rahim, A., Majid, A., Zaimi, M. and Singh, B. (2008). Causes of accidents

at construction sites. Malaysian Journal of Civil Engineering. 20 (2): 242-259.

Hamid, A., Rahim, A., Yusuf, W., Zulkifli, W., Singh, B. (2003). Hazards at

construction sites. Proceedings of the 5th Asia-Pacific Structural Engineering

and Construction Conference. 26-28 August, Johor Bahru, Malaysia: 95-104

Haslam, R., Hide, S., Gibb, A., Gyi, D., Atkinson, S., Pavitt, T., Duff, R. and Suraji,

A. (2003). Causal factors in construction accidents. Health and Safety

Executive. 156.



211

Haslam, R. A., Hide, S. A., Gibb, A. G., Gyi, D. E., Pavitt, T., Atkinson, S. and Duff,

A. (2005). Contributing factors in construction accidents. Applied ergonomics.

36 (4): 401-415.

Heinrich, H. W., Petersen, D. and Roos, N. (1950). Industrial accident prevention.

McGraw-Hill New York.

Hide, S., Atkinson, S., Pavitt, T. C., Haslam, R., Gibb, A. G. and Gyi, D. E. (2003).

Causal factors in construction accidents. © Health and Safety Executive.

Hinze, J., Huang, X. and Terry, L. (2005). The nature of struck-by accidents. Journal

of Construction Engineering and Management. 131 (2): 262-268.

Hinze, J. and Russell, D. B. (1995). Analysis of fatalities recorded by OSHA. Journal

of construction engineering and management. 121(2): 209-214

Ho, C. C. and Liao, C.-J. (2011). The use of failure mode and effects analysis to

construct an effective disposal and prevention mechanism for infectious

hospital waste. Waste management. 31 (12): 2631-2637.

Hong, E.-S., Lee, I.-M., Shin, H.-S., Nam, S.-W. and Kong, J.-S. (2009). Quantitative

risk evaluation based on event tree analysis technique: application to the design

of shield TBM. Tunnelling and Underground Space Technology. 24 (3): 269-

277.

Hong, Y.-Y. and Lee, L.-H. (2009). Reliability assessment of generation and

transmission systems using fault-tree analysis. Energy Conversion and

Management. 50 (11): 2810-2817.

Hsu, C.-W., Kuo, T.-C., Chen, S.-H. and Hu, A. H. (2013). Using DEMATEL to

develop a carbon management model of supplier selection in green supply

chain management. Journal of Cleaner Production. 56: 164-172.

Hu, A. H., Hsu, C.-W., Kuo, T.-C. and Wu, W.-C. (2009). Risk evaluation of green

components to hazardous substance using FMEA and FAHP. Expert Systems

with Applications. 36 (3): 7142-7147.

Hu, H.-Y., Chiu, S.-I., Cheng, C.-C. and Yen, T.-M. (2011a). Applying the IPA and

DEMATEL models to improve the order-winner criteria: A case study of

Taiwan’s network communication equipment manufacturing industry. Expert

Systems with Applications. 38 (8): 9674-9683.



212

Hu, K., Rahmandad, H., Smith‐Jackson, T. and Winchester, W. (2011b). Factors

influencing the risk of falls in the construction industry: a review of the

evidence. Construction Management and Economics. 29 (4): 397-416.

Huang, J.-J., Tzeng, G.-H. and Ong, C.-S. (2005). Multidimensional data in

multidimensional scaling using the analytic network process. Pattern

Recognition Letters. 26 (6): 755-767.

International Organization for Standardization. (2009). ISO 31000: Risk management–

Principles and guidelines. International Organization for Standardization,

Geneva, Switzerland.

Jassbi, J., Mohamadnejad, F. and Nasrollahzadeh, H. (2011). A Fuzzy DEMATEL

framework for modeling cause and effect relationships of strategy map. Expert

systems with Applications. 38 (5): 5967-5973.

Jozi, S. A., Saffarian, S. and Shafiee, M. (2012). Environmental risk assessment of a

gas power plant exploitation unit using integrated TOP-EFMEA method.

Polish Journal of Environmental Studies. 21 (1): 95-105.

Kaplan, S. (1986). On the use of data and judgment in probabilistic risk and safety

analysis. Nuclear Engineering and Design. 93 (2): 123-134.

Kartam, N. A. and Bouz, R. G. (1998). Fatalities and injuries in the Kuwaiti

construction industry. Accident Analysis & Prevention. 30 (6): 805-814.

Khanzode, V. V., Maiti, J. and Ray, P. (2012). Occupational injury and accident

research: A comprehensive review. Safety Science. 50 (5): 1355-1367.

Kutlu, A. C. and Ekmekçioğlu, M. (2012). Fuzzy failure modes and effects analysis

by using fuzzy TOPSIS-based fuzzy AHP. Expert Systems with Applications.

39 (1): 61-67.

Lee, A. H., Chen, H. H. and Kang, H.-Y. (2011a). A model to analyze strategic

products for photovoltaic silicon thin-film solar cell power industry.

Renewable and Sustainable Energy Reviews. 15 (2): 1271-1283.

Lee, A. H., Kang, H.-Y. and Chang, C.-C. (2011b). An integrated interpretive

structural modeling–fuzzy analytic network process–benefits, opportunities,

costs and risks model for selecting technologies. International Journal of

Information Technology & Decision Making. 10 (05): 843-871.



213

Lee, A. H., Wang, W.-M. and Lin, T.-Y. (2010). An evaluation framework for

technology transfer of new equipment in high technology industry.

Technological Forecasting and Social Change. 77 (1): 135-150.

Lee, Y.-C., Hsieh, Y.-F. and Guo, Y.-B. (2013). Construct DTPB model by using

DEMATEL: a study of a university library website. Program. 47 (2): 155-169.

Li, C.-W. and Tzeng, G.-H. (2009). Identification of interrelationship of key

customers’ needs based on structural model for services/capabilities provided

by a Semiconductor-Intellectual-Property Mall. Applied Mathematics and

Computation. 215 (6): 2001-2010.

Li, R. Y. M. and Poon, S. W. (2013). Construction safety. Springer Science & Business

Media.

Li, X., Zhan, J., Jiang, F. and Wang, S. (2012). Cause analysis of bridge erecting

machine tipping accident based on fault tree and the corresponding

countermeasures. Procedia engineering. 45: 43-46.

Lin, C.-L. and Tzeng, G.-H. (2009). A value-created system of science (technology)

park by using DEMATEL. Expert Systems with Applications. 36 (6): 9683-

9697.

Lin, L.-Z. and Yeh, H.-R. (2013). Analysis of tour values to develop enablers using an

interpretive hierarchy-based model in Taiwan. Tourism Management. 34: 133-

144.

Lin, Y.-T., Yang, Y.-H., Kang, J.-S. and Yu, H.-C. (2011). Using DEMATEL method

to explore the core competences and causal effect of the IC design service

company: An empirical case study. Expert Systems with Applications. 38 (5):

6262-6268.

Linertová, R., Serrano-Aguilar, P., Posada-de-la-Paz, M., Hens-Pérez, M., Kanavos,

P., Taruscio, D., Schieppati, A., Stefanov, R., Péntek, M. and Delgado, C.

(2012). Delphi approach to select rare diseases for a European representative

survey. The BURQOL-RD study. Health policy. 108 (1): 19-26.

Liou, J. J., Tzeng, G.-H. and Chang, H.-C. (2007). Airline safety measurement using

a hybrid model. Journal of Air Transport Management. 13 (4): 243-249.



214

Liu, H.-C., Liu, L. and Liu, N. (2013). Risk evaluation approaches in failure mode and

effects analysis: A literature review. Expert systems with applications. 40 (2):

828-838.

Liu, H.-C., Liu, L., Liu, N. and Mao, L.-X. (2012). Risk evaluation in failure mode

and effects analysis with extended VIKOR method under fuzzy environment.

Expert Systems with Applications. 39 (17): 12926-12934.

Liu, H.-T. and Tsai, Y.-l. (2012). A fuzzy risk assessment approach for occupational

hazards in the construction industry. Safety science. 50 (4): 1067-1078.

Liu, Y., Fan, Z.-P., Yuan, Y. and Li, H. (2014). A FTA-based method for risk decision-

making in emergency response. Computers & Operations Research. 42: 49-57.

Malaysian Standards (2012). MS 2318: Code of Practice forBuilding Demolition.

Retrived from https://www.msonline.gov.my/

Marhavilas, P.-K., Koulouriotis, D. and Gemeni, V. (2011). Risk analysis and

assessment methodologies in the work sites: On a review, classification and

comparative study of the scientific literature of the period 2000–2009. Journal

of Loss Prevention in the Process Industries. 24 (5): 477-523.

Maynard, S., Arnott, D. and Burstein, F. (1999). A Method For Multiple Criteria

Evaluation Of DSS In A Multiple-Constituency Environment. ed) F. Burstein,

Proceedings of the Fifth International Conference of the International Society

for Decision Support Systems, Melbourne, 1-12.

Maynard, S., Burstein, F. and Arnott, D. (2001). A multi-faceted decision support

system evaluation approach. Journal of decision systems. 10 (3-4): 395-428.

Meng Tay, K. and Peng Lim, C. (2006). Fuzzy FMEA with a guided rules reduction

system for prioritization of failures. International Journal of Quality &

Reliability Management. 23 (8): 1047-1066.

Minghat, A. D. (2012). The application of the Delphi technique in technical and

vocational education in Malaysia. International Proceedings of Economics

Development & Research;2012. P259

Mohammadi, F., Nateghi, F., Pourhejazi, S. P., Abdullah, A., Gandomi, N. and Sadi,

M. K. (2014a). Part deployment model using combined quality function



215

deployment and cybernetic fuzzy analytic network process. Indian Journal of

Science and Technology. 7 (1): 53-62.

Mohammadi, F., Sadi, M. K., Nateghi, F., Abdullah, A. and Skitmore, M. (2014b). A

hybrid quality function deployment and cybernetic analytic network process

model for project manager selection. Journal of Civil Engineering and

Management. 20 (6): 795-809.

Mojtahedi, S. M. H., Mousavi, S. M. and Makui, A. (2010). Project risk identification

and assessment simultaneously using multi-attribute group decision making

technique. Safety Science. 48 (4): 499-507.

Mwakali, J. (2006). A review of the causes and remedies of construction related

accidents: the Uganda experience. Proceedings of the First International

Conference on Advances in Engineering and Technology. 16-19 July. Entebbe,

Uganda: P285

Narayanagounder, S. and Gurusami, K. (2009). A new approach for prioritization of

failure modes in design FMEA using ANOVA. World Academy of Science,

Engineering and Technology. 49 (524-31).

Oakley, J. S. (2005). Using Accident Theories to Prevent Accidents. ASSE

Professional Development Conference and Exposition, American Society of

Safety Engineers. 12-15 June. New Orleans, Louisiana.

Opricovic, S. and Tzeng, G.-H. (2007). Extended VIKOR method in comparison with

outranking methods. European Journal of Operational Research. 178 (2): 514-

529.

Opricovic, S. and Tzeng, G. H. (2002). Multicriteria planning of post‐earthquake

sustainable reconstruction. Computer‐Aided Civil and Infrastructure

Engineering. 17 (3): 211-220.

Peterson, D. (2003). Techniques of safety management: A systems approach.

American Society of Safety Engineers. 20 (6): 20-26.

Phillips-Wren, G. (2014). Multi-Criteria Evaluation of Mobile Triage Decision

Systems. DSS 2.0-Supporting Decision Making With New Technologies. 261:

54.



216

Pinto, A., Nunes, I. L. and Ribeiro, R. A. (2011). Occupational risk assessment in

construction industry–Overview and reflection. Safety Science. 49 (5): 616-

624.

Pinto, A., Ribeiro, R. A. and Nunes, I. L. (2012). Fuzzy approach for reducing

subjectivity in estimating occupational accident severity. Accident Analysis &

Prevention. 45: 281-290.

Rasmussen, J., Nixon, P. and Warner, F. (1990). Human error and the problem of

causality in analysis of accidents [and discussion]. Philosophical Transactions

of the Royal Society B: Biological Sciences. 327 (1241): 449-462.

Ravi Sankar, N. and Prabhu, B. S. (2001). Modified approach for prioritization of

failures in a system failure mode and effects analysis. International Journal of

Quality & Reliability Management. 18 (3): 324-336.

Reason, J. (1990). The contribution of latent human failures to the breakdown of

complex systems. Philosophical Transactions of the Royal Society B:

Biological Sciences. 327 (1241): 475-484.

Reason, J., Hollnagel, E. and Paries, J. (2006). Revisiting the «Swiss cheese» model

of accidents. Journal of Clinical Engineering. 27: 110-115.

Robinson, J. B. (1991). Delphi methodology for economic impact assessment. Journal

of transportation engineering. 117 (3): 335-349.

Saaty, T. L. (1990). How to make a decision: the analytic hierarchy process. European

journal of operational research. 48 (1): 9-26.

Saaty, T. L. (2004a). The analytic network process: Dependence and feedback in

decision making (Part 1): Theory and validation examples, SESSION 4B:

Theory and development of the analytic hierarchy process/analytic network

process. The 17th International Conference on Multiple Criteria Decision

Making.

Saaty, T. L. (2004b). Decision making—the analytic hierarchy and network processes

(AHP/ANP). Journal of systems science and systems engineering. 13 (1): 1-

35.



217

Saaty, T. L. (2004c). Fundamentals of the analytic network process—Dependence and

feedback in decision-making with a single network. Journal of Systems science

and Systems engineering. 13 (2): 129-157.

Saaty, T. L. (2005). Making and validating complex decisions with the AHP/ANP.

Journal of Systems Science and Systems Engineering. 14 (1): 1-36.

Saaty, T. L. (2007). The analytic hierarchy and analytic network measurement

processes: applications to decisions under risk. European Journal of Pure and

Applied Mathematics. 1 (1): 122-196.

Saaty, T. L. and Özdemir, M. S. (2015). How Many Judges Should There Be in a

Group ? Annals of Data Science. 1 (3): 359-368.

Safari, H., Faraji, Z. and Majidian, S. (2014). Identifying and evaluating enterprise

architecture risks using FMEA and fuzzy VIKOR. Journal of Intelligent

Manufacturing: 1-12.

Saifullah, N. M. and Ismail, F. (2012). Integration of Occupational Safety and Health

during Pre-construction Stage in Malaysia. Procedia-Social and Behavioral

Sciences. 35: 603-610.

Saito, M. and Sinha, K. C. (1991). Delphi study on bridge condition rating and effects

of improvements. Journal of Transportation Engineering. 117 (3): 320-334.

Saurin, T. A., Formoso, C. T. and Guimarães, L. B. (2004). Safety and production: an

integrated planning and control model. Construction Management and

Economics. 22 (2): 159-169.

Setunge, S., Zhu, W., Gravina, R. and Gamage, N. (2015). Fault-Tree-Based Integrated

Approach of Assessing the Risk of Failure of Deteriorated Reinforced-

Concrete Bridges. Journal of Performance of Constructed Facilities:

04015058.

Shahriar, A., Sadiq, R. and Tesfamariam, S. (2012). Risk analysis for oil & gas

pipelines: A sustainability assessment approach using fuzzy based bow-tie

analysis. Journal of Loss Prevention in the Process Industries. 25 (3): 505-523.

Shapira, A. and Lyachin, B. (2009). Identification and analysis of factors affecting

safety on construction sites with tower cranes. Journal of Construction

Engineering and Management. 135 (1): 24-33.



218

Shieh, J.-I., Wu, H.-H. and Huang, K.-K. (2010). A DEMATEL method in identifying

key success factors of hospital service quality. Knowledge-Based Systems. 23

(3): 277-282.

Sklet, S. (2004). Comparison of some selected methods for accident investigation.

Journal of hazardous materials. 111 (1): 29-37.

Song, W., Ming, X., Wu, Z. and Zhu, B. (2013). Failure modes and effects analysis

using integrated weight-based fuzzy TOPSIS. International Journal of

Computer Integrated Manufacturing. 26 (12): 1172-1186.

Stranks, J. W. (2007). Human factors and behavioural safety. Routledge.

Suraji, A., Duff, A. R. and Peckitt, S. J. (2001). Development of causal model of

construction accident causation. Journal of construction engineering and

management. 127 (4): 337-344.

Tam, C., Zeng, S. and Deng, Z. (2004). Identifying elements of poor construction

safety management in China. Safety Science. 42 (7): 569-586.

Tamura, H. and Akazawa, K. (2005). Structural modeling and systems analysis of

uneasy factors for realizing safe, secure and reliable society. Journal of

Telecommunications and Information Technology: 64-72.

Taylor, G. A. (2004). Enhancing occupational safety and health. Elsevier.

Toft, Y., Dell, G., Klockner, K. and Hutton, A. (2012). Models of causation: safety.

Safety Institute of Australia, Tullamarine, Victoria.

Toole, T. M. and Gambatese, J. (2008). The trajectories of prevention through design

in construction. Journal of Safety Research. 39 (2): 225-230.

Trbojevic, V. M. and Carr, B. J. (2000). Risk based methodology for safety

improvements in ports. Journal of Hazardous Materials. 71 (1): 467-480.

Tsai, W.-H. and Chou, W.-C. (2009). Selecting management systems for sustainable

development in SMEs: A novel hybrid model based on DEMATEL, ANP, and

ZOGP. Expert Systems with Applications. 36 (2): 1444-1458.

Tsai, W.-H. and Hsu, W. (2010). A novel hybrid model based on DEMATEL and ANP

for selecting cost of quality model development. Total Quality Management.

21 (4): 439-456.



219

Tseng, M.-L. (2009). Application of ANP and DEMATEL to evaluate the decision-

making of municipal solid waste management in Metro Manila. Environmental

monitoring and assessment. 156 (1-4): 181-197.

Turban, E., Aronson, J. and Liang, T.-P. (2005). Decision Support Systems and

Intelligent Systems 7 “” Edition. Pearson Prentice Hall.

Tzeng, G.-H. and Huang, C.-Y. (2012). Combined DEMATEL technique with hybrid

MCDM methods for creating the aspired intelligent global manufacturing &

logistics systems. Annals of Operations Research. 197 (1): 159-190.

Vincoli, J. W. (1999). Lewis' dictionary of occupational and environmental safety and

health. CRC Press.

Vyzaite, G., Dunnett, S. and Andrews, J. (2006). Cause–consequence analysis of non-

repairable phased missions. Reliability Engineering & System Safety. 91 (4):

398-406.

Wu, H.-H., Chen, H.-K. and Shieh, J.-I. (2010). Evaluating performance criteria of

Employment Service Outreach Program personnel by DEMATEL method.

Expert Systems with Applications. 37 (7): 5219-5223.

Wu, Q. (2012). A decision support system for international students. Master thesis.

University of Bedfordshire.

Xu, H. and Dugan, J. B. (2004). Combining dynamic fault trees and event trees for

probabilistic risk assessment. Reliability and Maintainability, 2004 Annual

Symposium-RAMS, IEEE.

Xu, K., Tang, L. C., Xie, M., Ho, S. and Zhu, M. (2002). Fuzzy assessment of FMEA

for engine systems. Reliability Engineering & System Safety. 75 (1): 17-29.

Yang, H., Chew, D. A., Wu, W., Zhou, Z. and Li, Q. (2012). Design and

implementation of an identification system in construction site safety for

proactive accident prevention. Accident Analysis & Prevention. 48: 193-203.

Yang, Y.-P. O., Shieh, H.-M. and Tzeng, G.-H. (2013). A VIKOR technique based on

DEMATEL and ANP for information security risk control assessment.

Information Sciences. 232: 482-500.



220

Yeh, R. H. and Hsieh, M.-H. (2007). Fuzzy assessment of FMEA for a sewage plant.

Journal of the Chinese institute of industrial engineers. 24 (6): 505-512.

Yeh, T.-M. and Huang, Y.-L. (2014). Factors in determining wind farm location:

Integrating GQM, fuzzy DEMATEL, and ANP. Renewable Energy. 66: 159-

169.

Yeung, J. F., Chan, A. P. and Chan, D. W. (2009). Developing a performance index

for relationship-based construction projects in Australia: Delphi study. Journal

of Management in Engineering. 25 (2): 59-68.

Yin, S., Wang, W., Teng, L. and Hsing, Y. M. (2012). Application of DEMATEL,

ISM, and ANP for key success factor (KSF) complexity analysis in R&D

alliance. Sci Res Essays. 7 (19): 1872-1890.

Zhang, J., Zhang, Y., Ji, C. and Li, Y. (2013). Safety Assessment of Crane based on

FTA and ANP. Proceedings of the Sixth International Conference on

Management Science and Engineering Management, Springer.

Zhou, Q., Huang, W. and Zhang, Y. (2011). Identifying critical success factors in

emergency management using a fuzzy DEMATEL method. Safety Science. 49

(2): 243-252.


	Table of Content Part 1 7th version.pdf (p.1-4)
	Table of Content Part 2 8th version.pdf (p.5-24)
	chapter 1- Introduction 7th version.pdf (p.25-33)
	Chapter 2-Literature 7th version.pdf (p.34-96)
	Chapter 3 Methodology 7th version.pdf (p.97-124)
	Chapter 4- Delphi and Dematel Analysis 7th analysis.pdf (p.125-173)
	Chapter 5-Designing Prototype 7th version.pdf (p.174-210)
	chapter 6 -evaluation 7th version.pdf (p.211-226)
	chapter 7- Conclusion 7th version.pdf (p.227-232)
	Final Refferences.pdf (p.233-248)
	Appendix A.pdf (p.249-252)
	Appendix B.pdf (p.253-263)
	Appendix C.pdf (p.264-266)
	Appendix D.pdf (p.267-268)
	1.pdf (p.1)
	2.pdf (p.2)
	3.pdf (p.3)



