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Depending on the requirement of the safety analysts and the safety data available. either 

a qualitative or a quantitative safety analysis can be carried out to study the risks of a 

system in terms of the probability of occurrence of each hazard and possible 

consequences. Qualitative safety analysis is used to locate possible hazards and to 

identify proper precautions (design changes, administrative policies, maintenance 

strategies, operational procedures, etc.) that will reduce the frequencies or consequences 

of such hazards. 

4.2.1 Step I-Hazard identification 

Various safety analysis methods may be used individually or in a combination to carry 

out Step 1 of the FSA approach. Such typical methods include: Preliminary Hazard 

Analysis (PHA), Fault Tree Analysis (FTA), Event Tree Analysis (ETA), Cause­

Consequence Analysis (CCA), Failure Mode, Effects and Criticality Analysis 

(FMECA), HAZard and OPerability analysis (HAZOP), Boolean Representation 

Method (BRM) and Simulation analysis [Henley E.J. and Kumamoto H., 1996; Smith 

D.l., 1992; Villemeur A., 1992]. The use of these methods as safety analysis techniques 

has been reviewed in chapter 3. 

In the hazard identification phase, the combined experience and insight of engineers is 

required to systematically identify all potential failure events at each required indenture 

level with a view to assessing their influences on system safety and performance. This is 

achieved using "brainstorming" techniques. The hazard identification phase can be 

further broken down into several steps as seen here. 

Problem definition - Define the bounds of study, generic vessel and generic stakeholder 

for the vessel. 

Problem identification - The problem boundaries of a FSA study can be developed in 

the following manner: range of vessel types, geographic boundaries, risks to he 

considered, vessel systems, relevant regulations and measures of risk. In addition. the 

following factors, specifically related to the vessel is defined: the generic vessel, vessel 

accident category. vessel stakeholders and vessel operational stages. 
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Hazard identification - The HAZard IDentification (HAZID) consists of determining 

which hazards affect the vessels' activities under consideration using "brainstorming" 

techniques. At the HAZID session the following information is gathered: operational 

stage, vessel system, hazards, causes and consequences. 

Structuring HAZID output - The approach to structuring the HAZID output is to convert 

the information gathered at the HAZID meeting into hazard worksheets which records 

the causes, accident sub-categories, consequences and the source of information. These 

hazard worksheets provide a means for recording the output from the HAZID meeting 

and other hazards identified during the analysis period, e.g. from incident database or 

interviews with the vessel personnel. 

Risk exposure groups - The next step is to group the causes into risk exposure groups. 

This is achieved by using the guidewords taken from the risk exposure source given in 

MSC 68/14 [IMO MSC, 1993]. The groups are then further sub-divided, during the 

hazard-structuring phase into risk exposure sub-groups. An example of this can be 

found in [MSC, 1997b]. In order to sort the large amount of information collected at the 

HAZID meeting, accident sub-categories are established for each accident category and 

all the identified consequences are grouped according to contributing factors. 

Hazard screening - The purpose of hazard screening during Step 1 is to provide a quick 

and simple way of ranking hazards. It is a process for establishing, in broad terms, the 

risks of all identified accident categories and accident sub-categories, prior to the more 

detailed methods of quantification, which will be used in Step 2. Risk is a combination 

of the frequency of occurrence of an accident type with the severity of its consequences. 

The generic unit of the consequence is loss, which may be loss of lives, environmental 

pollution or damage to ship/cargo or financial loss. Accordingly, risk can also be read as 

the estimated loss in a given period of time. Two approaches can be used for the 

assignment of screening risk level in order to check the robustness of the resulting 

hazard rankings and to assist in the resolution of the rankings in cases where sc\'eral 

hazards have similar ranking levels. These approaches are: 
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• Risk matrix approach [Loughran C.G. et. aI., 1999]. 

• Cumulative loss approach [MSC, 1997a]. 

4.2.2 Step 2-Risk estimation 

Information produced from the hazard identification phase will be processed to estimate 

risk. In the risk estimation phase, the likelihood and possible consequences of each 

System Failure Event (SFE) will be estimated either on a qualitative basis or a 

quantitative basis (if the events are readily quantified). The risk estimation phase can be 

further broken down into several steps as seen here. 

Structuring of Risk Contribution Tree (ReT) - The causes and outcomes that were 

identified in Step 1 are structured in Step 2 for its employment in various parts of the 

Risk Contribution Tree (RCT). The RCT is structured in two distinct ways. Below the 

accident category, the structure is a graphical representation of the accident sub­

categories and of the combinations of contributory factors relevant to each accident sub­

category. Its structure is similar to a Fault Tree in its use of logical symbols, and the 

term "Contribution Fault Tree" has therefore been employed. Above the accident 

category level, the structure is an event tree representation of the development of each 

category of accident into its final outcome. An example of a RCT is provided in 

Appendix 4. 

Structuring and quantification of influence diagrams - The purpose of influence 

diagrams is to identify the influences, which effect the likelihood of an accident, and to 

enable those influences to be quantified. It also provides information for use in Step 3 of 

the FSA process. An example of an influence diagram for a fire accident in given in 

Appendix 5. An influence diagram takes into account three different types of influence, 

which are due to: 

• Human failure 

• Hardware failure 

• External event 
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Additionally, each influence diagram incorporates dimensions of design. operation and 
') 

recovery-. 

Quantification of RCT - The quantification of the RCT is accomplished by usmg 

available historical data from the incident database and where such data is absent. expert 

judgement is used to complement the quantification. The level of potential 

consequences of a SFE may be quantified in economic terms with regard to loss of 

lives/cargo/property and the degradation of the environment caused by the occurrence 

of the SFE. Finally, the calculation of FN curves and Potential Loss of Life (PLL) 

through the RCT is carried out. Both FN curves and PLL measures the risks that have 

been derived. 

4.2.3 Step 3 - Risk Control Option (RCO) 

The next step aims to propose effective and practical Risk Control Options (RCOs), 

Focusing on areas of the risk profile needing control, several RCOs are developed and 

recorded in a Risk Control Measure Log (RCML). Upon identifying all possible RCOs 

for the identified risks, the RCOs in the RCML is used to generate a Risk Control 

Option Log (RCOL). The information in the RCOL will be used in Step 4 of the FSA 

process. 

In general, RCO measures have a range of following attributes: 

• Those relating to the fundamental type of risk reduction (preventative or mitigating). 

• Those relating to the type of action required and therefore to the costs of the action 

(engineering or procedural). 

• Those relating to the confidence that can be placed in the measure (active or passive. 

single or redundant). 

The main objective of the RCO is to reduce frequency of failures and/or mitigate their 

possible consequences. 

~ RecO\cry refcrs to taking remedial action to reco\cr from an error or failure hcforc the aCl'ident nccur". . ~ 
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4.2.4 Step 4 - Cost-Benefit Analysis (CBA) 

Upon gathering the various control options, the next step is to carry out a Cost-Benefit 

Analysis (CBA) on each option. CBA aims at identifying the benefits from reduced 

risks and cost associated with the implementation of each risk control option for 

comparison. The evaluation of costs and benefits may be conducted using various 

techniques [IMO MSC, 1993]. It should be initially carried out for the overall situation 

and then for those interested entities influenced by the problem consideration. 

4.2.5 Step 5 - Decision-making 

The final step is the decision-making phase, which aims at making decisions and giving 

recommendations for safety improvement. At this point, the various stakeholders' 

interest in the vessel under study is considered. The cost and benefit applicable to each 

stakeholder has to be determined in order to decide the best risk control option - each 

RCO will have a different impact on the identified stakeholders, as such, the most 

effective RCO should strike a balance between the cost and benefit for each stakeholder. 

In reality, this is not always possible, hence, any imbalance has to be addressed and 

justified before the selected RCO is accepted as being the best option. The information 

generated in Step 4 of the FSA process can be used to assist in the choice of a cost­

effective RCO. However, the cost factor may not be the only criterion that should be 

considered. As such, at this stage, certain multi criteria decision-making techniques 

should be employed to select the most favourable RCO [Wang J. et. aI., 1996: Pillay A. 

and Wang J., 2001]. 

4.3 An FSA Framework for a Generic Fishing Vessel 

The proposed FSA framework for a generic fishing vessel by the author, is hased on the 

FSA methodology described in section 4.2 and can be developed into five steps for ease 

of understanding as follows: 

I) Hazard identification. 

2) Risk quantification. 

J) Risk ranking. 



~Ta=b=le~o~f~C=o~n=te~nt~s _____________________________________________________ 1\ 

CHAPTER 7 - MAINTENANCE MODELLING 
Summary 

7.1 Introduction ............................................................................................................... 179 
7.1.1 Modern maintenance concepts ......................................................................... 180 
7.1.2 Reactive maintenance ...................................................................................... 181 
7.1.3 Preventive maintenance ................................................................................... 182 
7.104 Predictive maintenance .................................................................................... 183 
7.1.5 Proactive maintenance ..................................................................................... 184 
7.1.6 Summary of maintenance techniques .............................................................. 185 

7.2 Current Maintenance Practice on Fishing Vessels .................................................... 186 
7.3 Background of Delay-Time ...................................................................................... 188 
7.4 A Proposed Approach ............................................................................................... 190 

704.1 Expected down time model .............................................................................. 191 
7.4.2 Expected cost model ........................................................................................ 195 
704.3 Expected safety cri ticality model ..................................................................... 20 I 

7.5 An Example .............................................................................................................. 202 
7.6 Optimisation Results ................................................................................................. 21-1-
7.7 Conclusion ................................................................................................................ 216 
References - CHAPTER 7 .................................................................................................. 218 

CHAPTER 8 - HUMAN ERROR ASSESSMENT AND DECISION MAKING USING 
ANALYTICAL HIERARCHY PROCESSING 

Summary 
8.1 Introduction ............................................................................................................... 223 
8.2 Review of Human Error Assessment Methods ......................................................... 224 

8.2.1 Methods for quantification of human failures .................................................. 225 
8.2.2 THERP ............................................................................................................. 225 
8.2.3 Accident Sequence Evaluation Programme (ASEP) ....................................... 226 
8.2.4 SLIM-MAUD .................................................................................................. 226 
8.2.5 Human Reliability Assessment (HRA) ............................................................ 227 

8.3 Human Error Probability ........................................................................................... 229 
8.3.1 Skill-based ........................................................................................................ 230 
8.3.2 Rule-based ........................................................................................................ 231 
8.3.3 Knowledge-based ............................................................................................. 231 

804 Analytical Hierarchy Processing ............................................................................... 235 
804.1 Principles and background of AHP .................................................................. 236 
804.2 Weight vector calculation ................................................................................ 237 
8.4.3 Risk and AHP .................................................................................................. 238 
8.404 AHP for human error assessment and decision making for fishing vessels .... 139 

8.5 A Proposed Approach for Fishing Vessels ............................................................... 239 
8.6 An Example .............................................................................................................. 2-1-6 

8.6.1 Initial shooting operation ................................................................................. 2-1-6 
8.6.2 Hierarchy set-up ............................................................................................... 2-1-7 
8.6.3 Level Two matrix ............................................................................................. 2-1-8 
8.6'-+ Human error probability evaluation ................................................................. 2.+9 
8.6.5 Human error severity evaluation ...................................................................... 2)2 
8.6.6 Risk Control Options (RCO) ........................................................................... 25-1-



~C~Iz~(lI~)f~et~·~~-~F~or~n~la~I~S~a~&~ty~A~s~s~es~S~111~e/~It ___________________________________________ 73 

4) Recommendations. 

5) Decision-making. 

These five steps are represented in a flowchart as seen in figure 4.3. These steps are 

further complemented by the work completed in this project and presented in the 

various chapters of this thesis. The interaction of the proposed framework and the parts 

developed in this thesis can be seen in figure 4.4. This method is aimed at enhancing 

fishing vessel safety, including protection of life, health, the marine environment and 

property, by using a systematic risk based analysis. The proposed method can be viewed 

as a simplified version of the method discussed in section 4.2. 

I Define Generic Vessel I 

~r 

HAZID Meeting c::::> Determine accident categ ones 

~, 

Group into Risk c::::> Establish accident sub-cate Exposure Groups gones 

~, 

Hazard Screening c::::> Risk Matrix Approach 

~r 

~ Rank Risk 
Generate Risk Matrix 

Table 

~r 

Calculate Equivalent total t---
~Ir 

Recommendation to 
manage/reduce risk 

Figure -L3 Flowchart of proposed approach 
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Maintenance Modelling 
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Figure 4.4 Methods developed for the FSA framework of a generic fishing vessel 

4.3.1 Generic fishing vessel 

A generic model fishing vessel should be defined in order to describe the function, 

features, characteristics and attributes, which are common to all ships of the type, or 

relevant to the problem under study [MSC, 1998a]. The generic vessel facilitates an 

understanding of the subject under study and can be used to help identify relevant 

accidents and accident sub-categories, leading to an enhancement of the HAZID 

structuring. The description of the generic fishing vessel can be divided into several 

aspects as seen in figure 4.5 and explained here: 

Power/Propulsion - Auxiliary power of fishing vessels are normally provided by two or 

more diesel-electric generator sets or possibly main engine driven alternators on smaller 

vessels. Power distribution is by series switchboards, distribution panels and cabling 

systems. Emergency power sources are normally battery based. Medium speed engines 

(via a reduction gearing system) normally provide the propulsion power. 

Bunkering - Bunkering operation is normally undertaken with manual connection of 

fuel from shore to a receptor on the vessel. Fuel used for fishing vessels has a tlash 

point of no less that -1-3 degrees Celsius. 



~C~ha~p~t=er_4~-~Fo~~~n~la~I~S~a~&~f\~'A~5~'s~es~'s1~Il~el~lt ___________________________________________ 75 

Communications - These are pre-dominantly external communication components. 

which consist of VHF, MF, HF and Satcom systems with EPIRBs (EmergencY Position 
~ . 

Indicating Radio Beacon) and SARTs (Search and Rescue Transponder) for 

emergencies. Larger deep-sea fishing vessels have internal communication components 

such as the public address system and telephone system to particular crew or operational 

area. 

Control - This covers the control of the entire ship. The bridge or wheelhouse is 

generally the central and often the only control centre on fishing vessels. The bridge has 

facilities for all round vision, communication, navigation, safety and ship control 

equipment. The main machinery spaces are periodically manned (during manoeuvring) 

and unmanned during fishing operations. Local control positions are available for all 

fishing gear with some limited remote controls on the bridge. 

Emergency response/control - The fishing vessel is expected to be equipped to react to 

emergencies such as rescue from water (either man overboard or third parties). Most 

vessels carryon board first-aid kits to administer first aid in case of an accident. 

Habitable environment - The crew of the fishing vessel are provided with a habitable 

environment. This may require consideration of ship motion, nOIse, vibration, 

ventilation, temperature and humidity. Most accommodation areas of the vessel are 

provided with intake and exhaust blowers. Where there is an engine control room fitted, 

it is provided with an air conditioning system as with the navigation bridge. 

Manoeuvring - Fishing vessels do not particularly need an accurate and sensitive 

manoeuvring system. However, when carrying out pair trawling (where two or more 

vessels are moving closely together), it could be vital to avoid collisions and contacts. 

Rudders are used with conventional propeller propulsion systems. There are no bow or 

stern thrusters fitted on fishing vessels. 

Mooring - Mooring during berthing operations is normally undertaken in a cOIl\'entionai 

manner lIsing rope mooring lines. fairleads. bollards and winches. 
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Anchoring - Anchoring arrangements are provided for all fishing \'cssels and comprise 

of light weight-high holding power anchors with wire or fibre ropes for the main anchor 

line. 

Navigation - Fishing vessels are normally fitted with a magnetic compass, a speed and 

distance measurement device, a depth of water indicator. one or more radar and an 

electronic positioning system. Vessel fixing procedures using visually observed 

bearings are generally carried out on deep-sea fishing vessels and not on smaller coastal 

fishing vessels. 

Payload - The payload of fishing vessels consists of both processed and pre-packed fish 

(vessels with fish factory on board) or loose fish stored in the cargo holds. The fishing 

gear on board the vessel is also considered to be part of the payload. Unloading is 

normally via shore cranes and forklifts - frozen fish packages are placed on pallets and 

then lifted by a shore crane from the ship to be placed on the docks. Once the fish 

pallets are on the dock, it is transferred either into a shore freezer holding area or 

directly onto a truck by the forklift. 

Pollution prevention - Oily bilge water is stored on board and discharged to a shore 

receptacle when the vessel berths for unloading. Oily water separators are rarely 

provided for smaller coastal vessels. Engine exhaust gases are normally visually 

monitored. 

Stability - The stability requirements of fishing vessels are normally assessed for a range 

of loading and operating conditions. They relate to intact and damage stability 

consideration including effects of wind, sea condition and loads on fishing gear during 

fishing operation. 

Structure - The material used for the construction of a fishing vessel include wood, 

aluminium, fibre-reinforced plastics, high tensile steel and ferro - cement. The 

arrangements of aluminium and steel structures normally consist of shell plating 

supported by longitudinal members and, in turn by transverse frames. The structure 
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must withstand the envIsage forces imposed, which include sea forces. dead loads, 

cyclic forces, towing, docking and general robustness criteria. 

Pollution 

~labilit0 

\ 
Habitable 

COthcrs~~ 
~---------------L ________ -L __ ~ 

prevention 

GChOri~}---- Generic fishing vessel 

~tructu0,un-k-e-ri-ng-/-st-Oring 

Figure 4.5 A generic fishing vessel 

The generic fishing vessel is epitomised to be a hypothetical vessel of any size and 

method of fishing. To summarise, it is an appraisal of the functions of operation that is 

necessary for any fishing vessel. Fishing being a combined production and transport 

operation, is cyclic with the following distinct phases of life: 

• Design, construction and commissioning. 

• Entering port, berthing, un-berthing and leaving port. 

• Fish loading 

• Fish unloading. 

• Passage. 

• Dry dock and maintenance period. 

• Decommissioning and scraping. 

A generic fishing vessel may also be thought of as being a combination of hard and soft 

systems as listed below: 

• COIllIllunications • Control 
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• Electrical • Management system 

• Human • Navigation 

• Lifting • Piping and pumping 

• Machinery • Safety 

4.3.2 HAZID 

The first step of the analysis is the hazard identification. This consists of determining 
'-

which hazards affect the fishing vessels' activities under consideration using 

'brainstorming' techniques involving trained and experienced personnel. In the HAZID 

phase, the combined experience and insight of engineers is required to systematically 

identify all potential failure events at each required indenture level with a view to 

assessing their influences on system safety and performance. Various safety analysis 

methods may be used individually or in a combination to identify the potential hazards 

of a system. These methods have been detailed in chapter 3. 

In the HAZID meeting, accident categories are determined for the safety analysis. As a 

guide, the accident categories determined by the Marine Accident Investigation Branch 

can be used [Loughran C.G. et. aI., 200 I]. These categories can be seen in chapter :2 

(section 2.5) and are summarised here: 

• Foundering and flooding • Machinery damage 

• Stranding and grounding • Heavy weather damage 

• Collisions and contact • Missing vessels 

• Capsizing and listing • Loss of hull integrity 

• Fires and explosions • Others 

Having identified the accident categories, the causes are then grouped into the follo\ving 

risk exposure groups: 

I. Human Errors 

Human Performance -Communication 
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-Navigation 

-Competency 

-Fishing 

-Anchoring 

-Mooring 

-Abandonment 

Commercial Pressures -Manning 

-Finance 

-Company or firm procedures 

Management Systems -Onboard management 

-Loading fish 

-Shore side systems 

2. Hardware failures 

-Material of construction 

-Structure 

-Propulsion 

-Steering 

-Piping and plumbing 

-Control 

-Electrical 

-Refri gerati on 

-Safety systems 

-Habitable environment 

-Emissions control 

-Bunkering and storage 

-Diagnostics systems 

-Maintenance systems 
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3. External Events 

Environment -Pollution prevention 

-Climatic variations 

Payload -Fish handling, loading and storage 

-Crane/lifting mechanisms 

-Berthing 

In order to sort the large amount of information collected at the HAZID meeti ng:. a set 

of accident sub-categories is established as follows: 

Collision and contact accident sub-category 

• Berthed • Arrival manoeuvnng close to the 

• Starting up berth 

• Loading and unloading in port Shutdown • 
• Departing and manoeuvring close to Abnormal operation • 

the berth • Maintenance 

• Manoeuvring In harbour and close Anchored • 
to harbour Dry-docked • 

• Passage in open sea 

• Loading fish at sea 

• Entering harbour 

Fire accident sub-category 

• Engine room 

• Fish room space 

• Wheelhouse 

• Accommodation 

• Galley 
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Loss of hull integrity accident sub-category 

• Hull Plating • Seals 

• Framing • Appendages 

• Bulkheads • Opening or failure of doors 

• Welds and joints • Opening or failure of scuttles 

• Penetrations • Other 

4.3.3 Hazard screening 

The risk matrix approach is used in the hazard screening process. For each appropriate 

combination, an assessment is made of the frequency (F) of the accident, and the 

severity (S) of the consequences in terms of human injuries/deaths, property 

damage/loss and the degradation of the environment. The corresponding Risk Ranking 

Number (RRN) is then selected from the risk matrix table. This method allows for 

expert judgements where detailed data is unavailable. Ranking of the various accidents 

determines their order in relation to one another. In short, the RRN is indicative of the 

relative order of magnitude of risk. 

Table 4.1 shows the risk matrix table that presents in a tabular format, a risk level 

related to the frequency and severity of an accident. RRN ranges from 1 (least frequent 

and least severe consequence) to 10 (most frequent and most severe consequence). 

Fl F2 F3 F4 FS F6 F7 
SI Minor Injuries 1 2 3 4 5 6 7 
S2 Major injuries 2 3 4 5 6 7 8 
S3 1 to 10 Deaths 3 4 5 6 7 8 9 
S4 > 10 Deaths 4 5 6 7 8 9 10 

Table 4.1 Risk matrix table 

Table 4.2 gives the interpretation of the frequencies FI to F7 as determined by [\ISC. 

1998a]. in terms of a generic fishing vessel based on the following estimations: 
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1. Vessel life expectancy - 25 years 

2. Operational days per year - 250 

3. Operational hours per day - 13 

4. Major maintenance per year - 1 

Likely to happen General Interpretation Generic fishing vessel 
On a vessel once per Interpretation 

Frequency 

Fl 10000 - 100000 years Extremely remote to Likely to happen every 
extremely improbable 20 yrs in the industry 

F2 1000 - 10000 years Remote to extremely Likely to happen every :2 
remote yrs in the industry 

F3 100- 1000 years Remote Likely to happen 5 times 
per yr in the industry 

F4 10 - 100 years Reasonably probable to Likely up to 3 times per 
remote vessel life 

FS 1 - 10 years Reasonably probable Likely up to 15 times per 
vessel life 

F6 Yearly Reasonably probable to Likely annually per 
frequent vessel 

F7 Monthly Frequent Likely monthly per 
vessel 

Table 4.2 Key to risk matrix table 

Using the risk matrix approach, for each accident category, a ranked risk table is 

produced, listing all accident sub-categories against each generic location. An example 

of this is seen in table 4.3, where F is the frequency and S is the severity of the accident. 

The number in the brackets, (x), is the corresponding RRN obtained from table -1-.1. 

Upon completing the risk table, the next task is to determine the "Equivalent Total" for 

each accident category. 
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