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Summary of Conceptual Approach

1.1 Theoretical Approach

The challenge of the S@S project is to enable designer of HSC to reach an optimal solution with regards to overall safety and through life cost, i.e. a vessel that meets the required safety level at the lowest cost. 

The main outcome of the project is a formalised methodology for design for safety of HSC. This methodology is intended to be a practical procedure relying on a integrate design tool, able to compare in terms of risk and cost several alternative preliminary design of an HSC. The methodology is based on the Formal Safety Assessment approach as per the interim Guideline by IMO (1997/2002). 

The Project Tool is organised around a generic safety model and a cost model bound together by the parameters of the proposed design. A parameter is a variable that impacts the safety level and cost of the ship, i.e. a change in the parameter’s value causes a change to the safety characteristics and to the cost of the ship. The parameters are basic parameters of naval architecture and other parameters related to operational environment (e.g. intended route) or owner requirements (e.g. ship’s availability) for instance.

The risk model materialises under a logical form the various scenarios of accidents that may be encountered by a HSC. The logic of the risk model is based on the risk contribution tree methodology. Fault trees and event trees describe the hazardous situations that may be encountered by the ship. 

The following accident categories have been considered:

· collision & grounding,

· dynamic capsizing,

· foundering due to structural failure,

· containment of damage following flooding & fire.

Basically the first three topics cover the chain of events leading to the critical situation, and the last one covers the chain of events following the critical event.

As we said previously, the safety model aims to evaluate the risk level of a particular design characterised by a particular set of parameters. The risk model provides users with a simple set of procedures that take as input the values of all relevant main parameters and that can calculate from these the probability of a specific basic event occurring. These procedures are based on simple models, which were developed during the project and which are able to analyse/predict the behaviour of the ship at the early design stage. 

These probabilities are then combined according to the fault and event trees to estimate the probability of the end events. The magnitude of accident outcomes is quantified in terms of estimated loss in a given period of time. For instance, when the consequence in question is loss of life, the meaning of risk is the expected number of fatalities in a given period of time. The final level of risk associated with the design is the product of the frequency of the “end event” occurring and of its consequence.

The cost model is a Net Present Value (NPV) model. The NPV is the cumulative discounted cash-flow of the vessel.  The formula for this is:
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N is the number of Years of life including building and decommissioning.

To calculate the NPV the model is through life. The first part is build cost estimation. The model takes the values supplied by the individual cost models created by work packages 1 - 4 and sums them to form a total cost of the build. 

The model now moves on to the operational side of the vessel. To do this the model needs to understand the lifecycle of the vessel. By this we mean how long it spends in operation, how long it spends idle, how long it spends being maintained etc. The percentages of time the vessel spends doing each activity is calculated by the information provided in the lifecycle form.

As NPV calculations require the cash-flow, the model next requires the earnings to be calculated. This calculation has three parts to it. The first is entering the products to be and prices to be sold. These can be standard products such as ticket prices, but some vessels do very well on value added services for example Duty Free. To take this into account additional product places have been added for the user to define.

The second part is calculating the capacity of the vessel. The capacity of the vessel is the product of the physical capacity (a user input) and the availability of the vessel (automatically calculated). 

The final part is the demand. This is a user input. Any company considering running a service should do research as to what kind of demand for their services there will be. This information is then entered into the model. There is then a simple comparison calculating how many of each product will be sold limited by either supply or demand which ever is lesser. This gives the earnings.

The next part of the models looks at operating costs. Some of these costs are calculated automatically (for example fuel costs), however there are many different costs and these can be entered independently. There are three types of costs the first is voyage costs like the fuel costs. The second is the maintenance costs. The third is the annual overhead costs like salaries and insurance costs.

Additional bits of information required by the model are, the NPV of the basis vessel, commissioning cost, decommissioning cost and discount rate. 

The NPV of the basis vessel can be calculated by running the model with the parameters set for the basis vessel and no value in the Basis NPV box. The change in NPV found on the results page will now be the NPV for the basis vessel.

The discount rate is minimum percentage return expected each year on capital invested.

Commissioning and decommissioning cost maybe vary wildly and therefore can be taken into account if they can be estimated.

The model can now be run and the value can fed into the ICAF calculation.

The Project tool enables the designer to identify and integrate different Safety Enhancement Features to focus on the areas of high-risk contribution in the risk model, and on the main risk contributors. These measures can either be preventive, i.e. reducing the probability of an event, or mitigating, i.e. reducing the severity of the outcome.

To estimate the cost-effectiveness of these measures in reducing risk, a cost benefit assessment should be carried out by re-evaluating the cost and risk of the alternative design. To compare the different SEF, i.e. to compare the different alternative design solution, the ICAF, which is an indicator of the cost to avert a fatality for each measure, should be calculated. Finally, the recommendations and decision-making would be based on the comparison and ranking of the risk control options as a function of associated cost and benefits. 

1.2 General Steps

The general procedure for using the S@S Project tool consists of several sequential steps, which are listed below.

1. Enter the required information, general information and design and operational parameters for a specific ship design.

2. Calculate the comfort level associated with the proposed design.

3. Calculate the risk level associated with the proposed design.

4. Calculate the cost associated with the proposed design.

5. If the proposed design is not satisfactory, identify areas needing control and potential ‘Safety Enhancement Features’.

6. Implement the Safety Enhancement Features and evaluate your new design with respect to comfort, risk and cost level.

7. Check the cost-effectiveness of the Safety Enhancement Features by calculating the ICAF.

8. Decide which SEF to implement by comparing the related ICAF of the different measures.

The correct procedure for carrying out each of these steps will be reviewed below.

2. Introduction to the Tool Architecture

The purpose of this third paragraph is to give a global understanding of the structure of the tool by presenting the framework of the different spreadsheet and the architecture of the program.

2.1 Architecture of the Program

The S@S project tool is composed of different applications as summarised on the following graph, which are either part of the risk model (red square) or of the cost model (blue square).
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Figure 1. Architecture of the Program

The main interface ‘DesignTool.xls’ has been implemented in an excel workbook and coded in Visual Basic. The interface stores and displays all the necessary information like a data management system, links all the different applications and contains the outputs.

The file contains ten worksheets, 2 of which are hidden to avoid any data corruption:

· ‘Home’: home page of the tool displaying the different steps of the procedure

· ‘Comfort’: evaluation of the comfort level

· ‘Collision&Grounding’: evaluation of collision & grounding hazard

· ‘Capsizing’: evaluation of dynamic capsizing hazard

· ‘Foundering’: evaluation of foundering hazard

· ‘Containment of damage – Fire’: evaluation of consequences following a fire

· ‘Containment of damage Flooding’: evaluation of consequences after flooding

· ‘Results’: display and summary of outputs (risk and cost level)

· ‘Current’: stores all the current values of the parameters (hidden spreadsheet)

· ‘Default’: stores the default values of the parameters (hidden spreadsheet)

The cost model ‘Cost model.xls’ has been implemented in an excel workbook and coded in Visual Basic. The model evaluates the costs and earning ability associated with the proposed design, which is then displayed in the main interface. This is a black box program and there is no need to open it independently.

The file contains 8 worksheets:

· ‘Capital Cost’: evaluates the build cost 

· ‘Life Cycle’: evaluates the time spent doing actions

· ‘Product List’: holds the product information

· ‘Per Cycle’: evaluates cost that come on a per cycle basis

· ‘Capacity and demand’: evaluates the capacity and demand

· ‘Spread’: is the detailed results page

· ‘Summary’: gives a summary of the results

·  ‘Other inputs’: evaluates other costs for instance crew costs

These two workbooks are the general frameworks for the risk and cost evaluation. The core of the project tool is based on a set of modules, which enable the evaluation of intermediate results required for the final risk and cost level calculation. These modules have been implemented in different forms: excel workbook, LABview program, and some of the calculations are done in dll-files compiled with Compaq Visual Fortran programming language or use executable files. They all have been stored in the sub-directory called ‘Model’ for the safety model:

· S@S_WP2_MSI&MII.xls and S@S_WP2_MSI&MII_Short_Term.xls in folder called S@S_WP2_MSIMII

· collision_striking_grounding.xls in folder called S@SWP1_Manoeuvrability_Model

· Structural_Risk_Cost_Calculator.exe in folder called Structural_Risk_Cost_Model_Comprehensive. This program must be installed, see section 3 for the installation procedure.

· S@S_WP2_Dynamic_stab.xls

· S@S_WP2_hull_girder_vibration.xls

· S@S_WP2_Indoor_climate.xls

· S@S_WP2_Long_term_loading.xls

· S@S_WP2_Noise_model.xls

· S@SWP1_Human_Factor_model.xls

· S@SWP1_risk_model_controllability.xls

· S@SWP4_Event_Trees_Flooding.xls

· S@SWP4_Fault_Tree_Flooding.xls

· S@SWP4_FireRiskTool.xls
And in the main directory for the cost model:

· power predictionPD_HSC.xls

· power predictionPD_HSCMAX.xls

· S@S_WP2_Availability_v1.01(20031113).xls

· S@SWP1_Cost_model_controllability_v1(20031117).xls

· S@SWP4_Cost_Model_Flooding_v2(20031029).XLS

· S@SWP4_FireCostTool_v1(20031117).xls

The risk evaluation also requires simulating the different scenarios of accidents ‘Simulation.psa’. A fault tree / event tree software called FaultTree+ is hence used to provide the required outputs and analyse the results. Two excel workbooks are designed to ensure the communication between the main interface and the simulation software (‘Events.xls’ & ‘Results.xls’).

The communication flows between the different tools are not always automatic, some links require manual operations which will be explained later.

2.2 Home Page

When launched, the S@S Project Tool first loads the ‘Home’ page, which displays the main menu and the different steps of the procedure.
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Figure 2. Home Page

General Information

This first paragraph displays the date, the current directory where the file is stored and the name of the Engineer carrying out the analysis which must be manually entered.

A ‘Help’ menu opens the Project Tool user guide in an electronic format and a schema of the methodology flow chart.

Inputs

This menu enables the designer to enter the parameters associated with the proposed design to study, and also to set the default values.

Calculation

This menu enables the designer to calculate successively the comfort level, the risk level and the cost level of the proposed design.

Results & Analysis

This menu enables to display the result spreadsheet, to print the different pages of the tool and to save the ‘DesignTool.xls’ file to keep a record of the different design solution in the folder called ‘Backup’. This backup only saves the main interface spreadsheet in order to keep the values of the parameters, which define the design solution, and the values of comfort, risk and cost without any other details.

2.3 Spreadsheet Architecture

All the pages of the project tool are organised in the same way with the same five key points and the same colour code.

Results

The expected result(s) of each model is (are) displayed at the beginning of the page in yellow (automatic calculation). The results are updated automatically at each calculation by the model itself (comprehensive calculation, see below) and must not be entered manually.

Parameters

The list of parameters affecting the calculation is also displayed. If several results are expected from the calculation, the related parameters are listed for each result.

Parameters Values

For information, the values of the parameters involved in the calculation are displayed. These values are those which are entered at the beginning of the study through the parameter interface. They can not be changed directly via the spreadsheet.

Calculation Mode

The two buttons of the ‘calculation mode’ menu are dynamic links to the model performing the calculation. Two ways of using the models were introduced:

· Comprehensive calculation:

The model is used as part of the general risk and cost calculation of the proposed design. The program runs automatically by using the inputs entered in the project tool (the same than those displayed) and updates the results in the main interface spreadsheet. No manual operation is required from the user. To stop the calculation, click ‘Echap’.

· Stand-alone Program:

The model can be used separately from the global calculation, as there is no link between the model and the tool. This option was introduced in order to give to the designer the possibility to test the models and to get familiar with the program, before performing a complete risk and cost calculation.

The model must be manually fed with the parameter values and the results are not exported to the main interface. The program needs to be closed before running the comprehensive calculation.

Help

For each model a user guide is available in an electronic format by clicking on ‘User Guide’.
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Figure 3. Capsizing Hazard Page
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Figure 4. Containment of damage - Fire Page

3. Installing the program

The S@S Project Tool is delivered in one folder ‘S@SprojectTool_vi(YYYYMMDD)’ containing two sub-directories called ‘S@STool’ and ‘sascomf’. 

· The first folder ‘S@STool’ contains the project tool and all the models. It needs to be installed on the hard disk. The pathname should not contain any spaces (this is a requirement for the manoeuvrability model). 

· The second folder, which contains two executable files (predata.exe and sasvb.exe) must be stored at the root C:\ (‘C:\sascomf’), in order to be found by the calling macro of the corresponding model (‘S@S_WP2_hull_girder_vibration.xls’).

The property of the files extracted from the CDRom must be changed from ‘Read-only’ to ‘not read only’.

The S@S Project Tool is composed of several models, which require individually specific external files or specific installation procedure.

Motion Sickness & Safety of Footing Model: 

For the following model, S@S_WP2_MSI&MII.xls & S@S_WP2_MSI&MII_Short_Term.xls, dll-files are required. Run the batch-file ‘Install.bat’ which copies both the dll-files into the subdirectory 'System32' under your Windows directory.  The file ‘Install.bat’ is stored into the directory S@SProjectTool_vi(YYYYMMDD)\S@STool\Model\S@S_WP2_MSIMII.

Foundering Model:

The risk-cost program stored into the directory ‘S@SProjectTool_vi(YYYYMMDD)\S@STool\Model\Structural_Risk_Cost_Model_Comprehensive\’ comes with an integrated installer which installs all the necessary files to operate the program, including the LabVIEW runtime engine and the reliability DLL files. To install, double-click the provided installer ‘setup.exe’.

When installing the executables as part of the project tool folder, choose the following directory: S@STool\Model\Structural_Risk_Cost_Model_Comprehensive and change the names of ‘.exe’ and ‘.ini’ files as ‘S@SWP3_risk_cost_model.exe’ and ‘S@Swp3_risk_cost_model.ini’ after the installation process is over.

The installer also includes a ‘jpeg’ file, ‘ReportLogoSmall.jpg’ that should be copied to the directory the output reports will be saved into. This file provides a S@S Logo at the top of each report. 

To launch the program, open the ‘DesignTool.xls’ directly from excel and enable the macro. Before using the S@STool, it is important to run the solver before any changes are made to the spreadsheet the first time the spreadsheet is opened. This operation is necessary to initialise the solver and enables the calculations.

Finally, the Regional Parameters in Windows must be set in order to use a dot as decimal separator and not a comma. This is required in particular by the structural model and the manoeuvring model.

All the models are quite fast and take from a few seconds to a few minutes to run.

4. Entering Inputs

The information required by the tool to operate is related to the definition of the proposed design solution but also to the company practice and to the economic climate. 

Parameters are organised according to four categories:

· Background inputs, which are general parameters such as company data or financial information. These parameters are not specific to a particular project, nor to a particular design, so they will only be entered once at the beginning of the study and may be used for different design solution/project.

· Project specification, which are related to the definition of the project. These parameters are entered at the beginning of the study and are identical for the different designs that will be evaluated.

· Dynamic parameters, which are related to a particular proposed design. These parameters change for each design solution and in particular when the SEF will be implemented. These design parameters are split according to the stage of the design they can be evaluated:

Concept design parameters: initial description of the concept e.g. L, B…
Preliminary design parameters: intermediate design phase for example frame spacing.

Detailed design parameters: these parameters are so detailed that they are only known at the end of the design process.

· Derived parameters, which are calculated from the other parameters. The designers can not change them directly.
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Excel userforms were developed to make the entry of parameters more user friendly. 

Figure 5. Example of userform

To enter this information, just click on ‘Enter input values’ from the home page in the inputs menu.

The default parameters are the Super Sea Cat 3 parameters, which was used as the basis vessel to develop the models. The designer has the possibility to update or modify these default values by clicking on ‘Upload current values to default values’.

The parameters values are those which are used by the different models. To ensure the consistency of the results they must not be changed during the study.

5. Running the program

This paragraph describes the comprehensive evaluation of the proposed design in terms of risk and cost. However the designer has always the possibility to run the different models as stand-alone programs to get familiar with the methods before running the global calculation.

Once the data have been entered, running the program consists of three main steps:

1. Calculate the comfort level associated with the proposed design solution,

2. Calculate the risk level associated with the proposed design solution,

3. Calculate the cost level associated with the proposed design solution.

As there are some dependencies between the results, the order of the calculation should be kept as described.

The second step involves three sub-steps, which will be detailed later in this document.

5.1 Comfort Evaluation

5.1.1 Description

The designer has the possibility to evaluate the comfort level associated with the proposed design solution. This indicator of comfort will be taken into account by another model while evaluating the risk level of the ship and in particular by taking into account the effect of discomfort on the crew in the Human Factor model (‘Collision&Grounding’ spreadsheet).

The comfort level can take three values:

· Low

· Medium

· High
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From the main menu, click on ‘Comfort Evaluation’ in the calculation paragraph. This will bring up the comfort spreadsheet. 

 Figure 6. Comfort Page

As indicated at the top of the page, the evaluation of the comfort level examines four areas of possible source of discomfort, which must be covered successively to issue the final comfort level:

· Motion sickness and safety of footing,  

· Indoor climate,

· Vibration,

· Noise.

The global comfort level is calculated using the four indications of comfort given by the four individual models.

For each individual model the comfort level is set to 3 if equals to “High”, 2 if equals to “Medium” and equals 1 otherwise (“low” comfort level). The overall comfort level is calculated by working out the average of these figures and is set to:

· "High": if it is higher or equal to 2.5,

· "Medium": if it is between 1.5 and 2.5,

· "Low": if it is below 1.5.

Two comfort levels are evaluated, one for the passengers and one for the crew.

5.1.2 General Steps

To evaluate the comfort level associated with the proposed design:

1. Evaluate the comfort level with regards to motion sickness and safety of footing by clicking on ‘Comprehensive calculation’.

Passenger and crew long-term comfort levels with regard to motion sickness and safety of footing are determined and compared with criteria. Relevant parameters are MSI (Motion Sickness Incidence = percentage of passengers feeling sick) and MII (Motion Induced Interruptions per minute = loose of balance per minute). They are utilised in calculating an overall comfort level during one year of operation in a given sea area. As a result the ship's comfort levels are rated as High, Medium or Low. 

Note: It is also possible to calculate the short-term comfort level for one location on the ship, by using the short-term model. Click on ‘Short term analysis’ to load the model.

User Guides:

Long term MSI and MII model user guide.doc
Short term MSI and MII model user guide.doc
2. Evaluate the comfort level associated with vibration by clicking on ‘Comprehensive calculation’.

The model calculates the free hull girder vibrations of the ship, for modes up to 5 (6-noded mode). It can be used for the prediction of the lower modes of free vibration in vertical or horizontal bending. The obtained values are compared against the frequencies of the major excitation sources aboard the ship (like main engine unbalanced forces-moments, propeller excitation, etc) or the encounter wave frequencies. This is the first step in the prediction of the vibration levels at the early design stages of the ship design.

The vibration model provides the risk of resonance. The comfort level is based on this risk and defined as follow:

· If the risk of resonance is “High”, the comfort level is set equal to “Low”

· If the risk of resonance is “Medium”, the comfort level is set equal to “Medium ”

· If the risk of resonance is “Low ”, the comfort level is set equal to “High ”

User Guide:

Hull Girder Vibration Model user guide.doc
3. Evaluate the comfort level associated with the indoor climate factor by clicking on ‘Comprehensive calculation’.

The model calculates the required power and airflow of the HVAC systems of a ship, given the requirements for the indoor climate and a description of the internal spaces of the ship.

The Indoor climate model provides the HVAC system ratio = Air required/Air supplied. The related comfort level is based on these ratios and defined as follow:

· Adequacy ratio [0 ; 0.9]: comfort level is set equal to “High”

· Adequacy ratio [0.9 ; 1]: comfort level is set equal to “Medium”

· Adequacy ratio greater than 1.1: comfort level is set equal to “Low”

User Guide:

Indoor climate model user guide.doc
4. Evaluate the comfort level associated with the noise by clicking on ‘Comprehensive calculation’.

The noise model provides the predicted level of noise for each compartment defined. The related comfort level is based on the comparison between these levels and the Sound Pressure Limits defined for each compartment.

For each compartment, if the calculated value is:

· Above the sound limit, the comfort level is set equal to “ Low ”

· Between the sound limit and 10dB lower than the limit, the comfort level is set equal to “Medium”

· Lower than 10db below the sound limit, the comfort level is set equal to “ High ”.

Then a global comfort level is issued as an average of the different indexes of comfort, with warning to the designer if the comfort level is equal to low in any compartment (which means that the predicted level of noise is greater than the sound limit). 

User Guide:

Noise model user guide.doc
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5. Click on  to come back to the home page.

Please refer to the individual user guides for any other information.

When the four areas have been covered, the global comfort level is automatically calculated and updated in the ‘comfort’ spreadsheet as well as in the ‘Collision&Grounding’ spreadsheet where it is used by the Human Factor model.

5.2 Risk Evaluation

The evaluation of the risk level of the proposed design requires three main steps:

1. Evaluation of the basic events frequency for different hazard scenarios.

All the figures are expressed in terms of frequency per year.

2. Evaluation of the consequences for different initiating events.

The consequences are expressed using the IMO severity indexes (equivalent fatality). 

3. Simulation of the scenarios with the fault tree/ event tree software.

5.2.1 Hazard Frequency

5.2.1.1 Description

The first step consists in evaluating the basic event frequencies that will feed into the fault trees. Three hazard categories are considered:

· collision & grounding,

· dynamic stability,

· structural failure leading to foundering.

For each of these hazards, a spreadsheet was designed as explained before with:

· the list of basic events to evaluate,

· the related parameters and parameters values,

· the dynamic links to the model,

· the user guide for each model.

5.2.1.2 General Steps

1. Evaluate the Collision & Grounding basic event frequencies

· From the main menu, click on ‘Collision&Grounding’ in the calculation paragraph. This will bring up the Collision&Grounding spreadsheet. Three models were developed to cover the wide range of basic events:

Human Factor Model

Mechanical & Automation Model

Manoeuvring Model

· Evaluate the basic event frequencies related to the human factor by clicking on ‘Comprehensive calculation’.

Note: this calculation requires the comfort level for crew, which should have been evaluated previously. It is automatically updated in the ‘Collision&Grounding’ spreadsheet after the comfort evaluation.

User Guide:

S101.31.01.058.002.doc
· Evaluate the basic event frequencies related to the mechanical and automation model by clicking on ‘Comprehensive calculation’.

User Guide:

MA Failures Cost-Risk Tool.doc
· Evaluate the basic event frequencies related to the manoeuvring model by clicking on ‘Comprehensive calculation’.

User Guide:

Manoeuvring errors model user guide.doc
Note: Replace the existing ‘Var.dat’ file by clicking on Yes when asked by the program, and save the modifications (excel format).

· Check the probability of occurrence of the basic event 'Fire in engine room' and change it if necessary. 
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· Click on  at the top of the spreadsheet to come back to the home page.

2. Evaluate the Dynamic Capsizing event frequency

· From the main menu, click on ‘Dynamic Stability’ in the calculation paragraph. This will bring up the ‘Capsizing’ spreadsheet.

· Evaluate the frequency of being in the dangerous/marginal dynamic stability zone and the potential scenarios frequencies by clicking on ‘Comprehensive calculation’.

Note: this calculation requires the human factor quotient, which should have been evaluated previously with the Human Factor model. It is automatically updated in the ‘Dynamic Stability’ spreadsheet after the evaluation of human factor related basic events.

User Guide:

Long term dynamic stability risk model user guide.doc
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· Click on  at the top of the spreadsheet to come back to the home page.

3. Evaluate the Foundering basic event frequencies

· From the main menu, click on ‘Foundering’ in the calculation paragraph. This will bring up the Foundering spreadsheet.

· Evaluate the long-term wave loading distribution by clicking on ‘Comprehensive calculation’. Keep the calculation results when asked by the program.

Linear and non-linear Long Term Wave Loading Weibull Distribution Scale and shape Parameters are necessary to calculate the structural failure frequencies.

User Guide:

Long term loading model user guide.doc
Evaluation of the basic event frequencies for foundering hazard requires careful attention as it involves a LABview program, which must be updated with the parameters values defined in the tool.

· Check the following values and change them if necessary.

Risk increasing features: this is a user-specified probability to account for risks away from the midship section that the designer is investigating at the preliminary design stage. The default value is zero.

Uncontrolled Corrosion: this accounts for the contribution of uncontrolled corrosion to the overall risk of the vessel. Therefore, uncontrolled corrosion is not expected to contribute significantly to the overall risk of the vessel and the default value is zero.

Annual frequency of collision and grounding: the probability of foundering after a collision or grounding is also examined. The probability of grounding or collision can be taken from the literature or from the simulation of the Collision and grounding fault tree thanks to the FT/ET software. If the value is taken from the simulation, the fault trees must be previously updated with the basic event frequencies already evaluated (see paragraph 5.2.3 for the simulation explanation).

· Once all entries have been checked, click on ‘Export’ to create the required file of inputs for LABview and save it as ‘lread.dat’. Replace the old version of the file.

· Click on ‘Comprehensive calculation’ to run the LABview model.

· Once the program is loaded, update the inputs file path (‘lread.dat’) and default input file path (‘default.dat’). The defaults can be changed permanently by modifying the text file for the defaults.  Instructions regarding the format of the file are included at the end of ‘default.dat’.

· Run the model after checking the midship section.

· Extract from the output file ‘SSCTextIn.html’ the following information and enter them manually in the Foundering spreadsheet in cells D87, D89 and D91.

Global Collapse Risk -> cell D87
Panel Collapse Risk -> cell D89
Fatigue Index -> cell D91

User Guide:

S103.30.13.060.004bUsersGuide.doc
The other basic events are automatically calculated from the parameter values and do not require any other calculation.
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· Click on  at the top of the spreadsheet to come back to the home page.

Please refer to the individual user guides for any other information.

5.2.2 Evaluation  of Severity 

5.2.2.1 Description

The second step consists in assessing the HSC damage and fire resistance by evaluating the outcomes of the different hazards previously identified and then feed them into the event trees. As said previously, two classifications of severity are used, the IMO severity indexes and a specific classification for fire hazard. However it was agreed to use only one classification to get consistent values. So the following merging process was adopted:

Severity Index (IMO classification)

SI
SEVERITY
EFFECTS ON HUMAN SAFETY
EFFECTS ON SHIPS
S

(Equivalent fatalities)

1
Minor
Single or minor injuries
Local equipment damage
0.01

2
Significant
Multiple or sever injuries
Non-severe ship damage
0.1

3
Severe
Single fatality or multiple severe injuries
Severe damage
1

4
Catastrophic
Multiple fatalities
Total loss
10

SEVERITY CLASS ACCORDING TO FIRE CONTAINMENT ANALYSIS
SEVERITY CLASS ACCORDING TO DAMAGE CONTAINMENT ANALYSIS



Effects on Human Safety
Effects on Ships

0
None
-
-
-

1
Slow spread of fire inside the enclosed space where fire ignites and unlikely to spread outside the enclosed space where fire ignites
1 - Minor
Single or minor injuries
Local equipment damage

2
Slow local spread of fire inside the enclosed space where fire ignites or unlikely to spread outside the enclosed space where fire ignites
2 - Significant
Multiple or sever injuries
Non-severe ship damage

3 & 4
Fast local spread of fire inside the enclosed space where fire ignites or likely to spread outside the enclosed space where fire ignites
3 - Severe
Single fatality or multiple severe injuries
Severe damage

5
Fast local spread of fire inside the enclosed space where fire ignites and likely to spread outside the enclosed space where fire ignites
4 - Catastrophic
Multiple fatalities
Total loss

Indexes 3 and 4 of the fire severity classification are considered as ‘severe’ to keep the model conservative.

The outcomes of capsizing and foundering hazards were set to catastrophic both for ship and human life. No other calculation was performed for these two initiating events.

The same structure is applied to the ‘Containment of Damage – Fire’ and ‘Containment of damage – Flooding’ spreadsheets with:

· the list of elements to evaluate,

· the related parameters and parameters values,

· the dynamic links to the models,

· the user guide for each model.

5.2.2.2 General Steps

1. Evaluate the severity of outcomes associated with a fire-initiating event.

· From the main menu, click on ‘Fire’ in the calculation paragraph. This will bring up the ‘Containment of Damage – Fire’ spreadsheet. 

· Check the event tree gates probability values and changed them if necessary.

· Select the fire ignition event by clicking on the cell F24. The initiating event frequency of occurrence will be changed when the model is running. 

· Run the model by clicking on ‘Comprehensive calculation’. A message appears to remind the user to check the gates probability values before running the model. 

User Guide:

Fire Risk and Cost Model - User Guide.doc
 [image: image21.png]- Selection
C Gale  C Consemence  © Risk
Name Desciption B
[0 Human Safely
1 Ship
2 Envionmental
<
Resuls

& Sunmary " Importance

Consequerce Fiequens et Pot
WINGR Te52 100062 Te5
SEVERE 894te2 T0m 834
SIGNIFICANT 196621 00861 1966

|
Tieecieen| | [EEECiEETEeE|  NCeEnEe: Qi





· Click on  at the top of the spreadsheet to come back to the home page.

Note: the human factor quotient is taken into account while evaluating the human detection gate probability.

Five classes of severity have been highlighted: the first class of severity is associated to scenarios or alternative designs in which the consequences in case of fire are the best one. Class 5 of severity represents a scenario with very bad consequences in case a fire event occurs. The equivalent IMO severities are updated automatically based on the table presented above.

After completion of all the calculation, these results will have to be entered manually into the FT/ET simulation software.

2. Evaluate the severity of outcomes associated with initiating events leading to flooding. This counts for collision and grounding incidents and others leading to flooding.

· From the main menu, click on ‘Flooding’ in the calculation paragraph. This will bring up the ‘Containment of Damage – Flooding spreadsheet. 

· Evaluate the consequences following a collision or grounding by clicking on ‘Comprehensive calculation’.

· Evaluate the consequences for flooding incidents other than due to a collision or grounding by clicking on ‘Comprehensive calculation’.

User Guide:

Risk Cost Model Flooding Containment User Guide.doc
Note: the severity indexes are those proposed in the latest IMO Guidelines for FSA Application. Both effects on ship and on Human safety are considered. They were associated to the event tree branches by expert judgements. They can be changed by opening the model as a stand-alone program. If so they must be changed accordingly in the simulation file manually by editing the related event trees.

5.2.3 Simulation

Once all required inputs have been evaluated, the simulation of the fault trees and event trees can be run. The simulation file contains the following fault trees and event trees:

Fault Tree
Related Event Tree

Fault tree for Collision in open sea
Collision in open sea event tree

Fault tree for Collision in restricted water
Collision in restricted water event tree

Fault tree for Grounding
Grounding event tree

Fault tree for Striking
Striking event tree

Fault tree for Foundering
Foundering event tree

Fault tree for Flooding incident other than collision and grounding
Flooding event tree

N/A
Fire event Tree

N/A
Dynamic stability event trees

The foundering event tree is a single branch event tree where the consequences were set to catastrophic both for human life and property.

Prior to the simulation, all the data calculated previously need to be converted in a recognised format and exported to the FT/ET software. The basic events frequencies and all the gates probabilities can be exported automatically whereas the severity of fire outcomes (and of flooding event tree if modified in the model) need to be entered manually in the software.

General steps:

· From the ‘home’ page, click on ‘Export’ to convert all the data to a format recognised by the fault tree / event tree software.

You can check the file ‘Events.xls’ which is created by clicking on ‘Open’, this will bring up the file. The file contains all the basic event frequencies and gates probabilities. (See paragraph 12.1 for further information)

· Open FaultTree+ and load the file called ‘Simulation.psa’, which contains the fault trees and event trees of the project.

· Import the data by following this procedure.

1. Click on ‘File’ then ‘Import’

2. Choose ‘Use the import wizard to import data and save the settings in a template’.


Figure 7. Import Wizard

When you have done it once, you can save your import options in a template and use it each time you want to re perform the simulation. 

3. Select the file to import and its type. It is in your current directory + S@STool\Events.xls than click ‘Next’.

Figure 8. Select import file

4. Select the table called Events$ and click on ‘AutoMatch’ then ‘Next’.

5. From the table association list, select the table pair Events$ -> Events and click on ‘AutoMatch’ then click on ‘Next’.


6. Select your importation option, then click on ‘Finish’.

You have the possibility to save your importation options into a template in order to run it faster the next time you want to use the software:


The importation process is over. All the basic event and gates probabilities have been updated.

· Update the severity classes for Fire event tree with the results of the ‘Containment of damage – Fire’ spreadsheet.

· Select the Fire event tree,

· Select each end branch of the fire event tree and click right,

· Select ‘Edit selection’,

· Set the severity class for fire according to the results stored in the main interface.

Before starting the analysis, you should review the analysis options and in particular the ‘Set Generations’ page to ensure the Cut Sets analysis options are set correctly. The probability or consequence cut off should not be too restrictive.


You can now run the simulation by clicking on ‘Analysis’ then ‘Perform analysis’ or on the green light icon.

5.3 Cost Evaluation

The cost evaluation is automated. Therefore there are two steps to running the cost evaluation, data input and pressing the cost evaluation button.

5.3.1 Data Input

In addition to the “normal” naval architecture parameters required by the risk and cost evaluation models there are also some purely cost parameters required. These are entered in the “Background Cost Data” section of the parameter user forms. This is shown below:
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Build Costs

Hull Build Costs - These costs are calculated by the structural risk and cost model (S@SWP3_risk_cost_model.exe) and the subdivision costs are calculated by the flooding cost model (S@SWP4_Cost_Model_Flooding_v2(20031029).XLS). Due to the nature of the structural model, the values have to be manually inputted. There are correction factor boxes which allow the user to refine the calculated values based on his or her experience.

There are also “additional cost” boxes which allow the user to add other hull cost details, if required.

Command and Control Build Cost - The command and control costs are calculated by the unit price of components and then expressing the labour (and maintenance, which gets used later) as a percentage of the component cost. Additional costs maybe added.

Propulsion Build Cost – This is calculated form the required power calculation it uses maximum required speed (trial speed) as its input. Additional costs maybe added.

Auxiliary Build Costs – The stabilisation costs are inputted. Additional costs can be included.

Electrical Build Costs – are calculated on a component basis as the command and control costs where calculated. Additional costs maybe added.

General Outfitting Build Costs – these costs can be added as necessary. It is recommended that this includes fire protection.

Operating Costs

Fuel and additional voyage costs – basic costs are inputted, for example cost per kilowatt for the main engines this is then used by the power calculation spreadsheet to calculate the powering and fuel consumption for the vessel. There are designer override check boxes that allow the designer to override the automatic calculations if he has a better knowledge of the true values. Additional costs maybe be added

Maintenance Costs – These are calculated. The hull maintenance cost has to be entered manually. There is also a human factors correction on the maintenance of the command and control costs. Correction factor boxes allow the user to refine these values from specific knowledge. Additional costs maybe be added.

Crew and additional annual overheads - The crew costs are calculated by the human factors model and can be refined by the use of the correction factor box. Additional costs maybe added.

Background Inputs

Life Cycle Times – These times describe how often and for how long events take place. It is recommended that the cycle time used is a number of days or weeks. It is possible to make a voyage as a single voyage but this will lengthen calculation times.  

A cycle is an active time followed by and idle time, normally the idle time will be set to zero. 

Fare Prices – This section allows different products to be entered and the price per unit to be entered. All prices should be in euro.

Market demand – once the market demand has been assessed it can be entered by either demand per day or demand per month. The demand is entered in the form X units per month.

General Information 

Basis Net Present Value – this is the cumulative discounted cash-flow of the basis vessel and can be calculated by setting the parameters to the basis and running the cost evaluation with zero in this box. The change in NPV will then be the NPV of the basis vessel.

Required Discount Rate – this is the required return on capital invested each year. This is a user input, it can be taken as 0.1 if not known.

Commissioning and Decommissioning Costs - these can be added if applicable.

Availability Class Criteria

This user form allows the user to enter different availability class criteria if required.

5.3.2 Running the Model

This is down by pressing the cost evaluation button a series of models will then be run to update the inputs. When the cost model.xls open a box asking if you would like to edit links will appear press continue. The reason for this is there are links referring to the design tool.xls and excel prefers the spreadsheet to close but will still run with out it closed. At the end of the calculation, that may take some time, you will be taken to the results page.

6. Understanding the outputs 

6.1 Results from the risk calculation  

The final risk evaluation is performed by the Fault tree / event tree software. However it is not the purpose of this user guide to detail the use of the fault tree/event tree software. Some guidelines and the methodology are given in this document to help the designer but this document doesn’t replace the software user guide. 

There are different ways to visualise the results. Click on ‘Results’ then ‘Summary’. You can visualise the results for the gates, severity or risk. 

Select the ‘risk’ option, you can now visualise the results for the different classes of consequences. 

· Human safety,

· Ship

Note: the options of FaultTree+ enable you to get a lot of information that can not be detailed in the present document. This user guide gives the minimum but sufficient amount of information to ensure that you can run the software without any problem.

You can export automatically the results to the main interface by following this procedure:

· Click on ‘File’ then ‘Export’ and ‘OK’.

· Use the export wizard to export data and save the settings in a template.

· Select the output file for the results. It is called ‘Results.xls’ in your current directory.

· Select ‘Consequence Lifetime results’


· You can then save your setting in a template.

Back to the main interface, you can now display the results of the simulation by clicking on ‘Display’ in the home page. This brings up the result spreadsheet and updates the tables from the ‘Results.xls’ file.

There are two tables displaying the risk results for the proposed design and a second one, which will be used for storing the results of the alternative design. When talking about the alternative design, it means actually the proposed design modified to take into account one or several SEF.

Both the effects on property and human safety are considered.

Note: when importing the results into the main interface, the program asks to choose between the Basis vessel and the alternative design solution. This helps the program to relate the current results either to the basis vessel or to the alternative design solution. Normally, the basis vessel results should be entered once at the beginning of the study.

6.2 Results from the cost calculation

The results of the cost model are intended to be relative. In other words the figures should not be taken as accurate but should give an indication of general trend. A negative change in NPV means that the changes to the design have cost money or reduced earning potential. A positive change means that the cost has been reduced or the earrings have been increased.

7. Alternative Designs

7.1 Safety Enhancement Feature

The Project tool enables the designer to identify and integrate different Safety Enhancement Features to focus on the areas of high-risk contribution in the risk model, and on the main risk contributors. These measures can either be preventive, i.e. reducing the probability of an event, or mitigating, i.e. reducing the severity of the outcome.

The present document only gives guidelines on how to identify these SEF and how to implement them in the tool. However it is not the intention of the project to give the SEF description, nor to prescribe a solution for a “safer design”.

To identify and implement the SEF, please follow this general procedure:

1. Identify which areas are the main risk contributors for the type of effect you want to consider risk reduction (ship &/or human life). 

This means to identify the basic events or gates, which have the greater impact on risk. 

To identify these main risk contributors, you can for instance identify the Minimal Cut Sets thanks to the FT/ET software for the consequence (mitigation measures) at first stage then for the Gate which would have been identified by the first run of MCS analysis (prevention measures). Considering successively the corrective and preventive measures will enable you to identify and work on a complete accidental scenario.

Click on ‘Results’, ‘Summary’ and ‘Cut Sets’, this will bring up the list of Minimal cut sets and their ranking.


At this stage you can also perform a sensitivity analysis to determine how sensitive gate and consequence parameters are to a change in event frequencies.

Once you have identified the main risk contributors, you have the list of events you need to work on in order to reduce the consequence (mitigation measure) and the frequency (preventive measure).

2. For each event, identify and work on the parameters, which affect the event frequency or the related severity in order to define what design solution can be applied. For each event, the list of parameters, which affect the calculation, is displayed in the main interface spreadsheets. 

3. Elaborate a new design solution by defining your new set of parameters based on the information you found previously.

4. Enter the new parameters through the parameter userforms.

5. Evaluate your new design solution with respect to comfort, risk and cost and simulate the FT/ET again. Only the results or basic events, which are affected by the modifications of the parameters, need to be re-evaluated. However not only the basic events which were identified by the MCS need to be considered, actually it may happen, that some basic events not highlighted by the MCS, depend on the parameters which have just been modified.

In the parameter userforms an information button is associated with each parameter. This indicates for each parameter, the basic events or results that depend on this parameter and which need to be re-evaluated if the parameter has changed.

Figure 9. Information button of the userform
Note: the different models are linked together. Attention must be paid when modifying some of the parameters, as these modifications may induce some indirect changes to other results. 

· For instance, the comfort level for the crew affects the Human Factor quotient. When changing the parameters related to the comfort models, you must also afterwards re-evaluate the Human Factor Quotient.

· The Human Factor quotient also influences other results such as the dynamic capsizing probability and the human detection gate probability of the containment of damage - fire model.

The new risk and cost values should be entered in the ‘Results’ spreadsheet in the colon ‘Alternative design’. Export your results with the ‘Results.xls’ file, then click on ‘Display’ from the home page and choose ‘Alternative design’.

7.2 Decision-Making

To estimate the cost-effectiveness of the measures introduced for reducing risk, a cost benefit assessment should be carried out by re-evaluating the cost and risk of the new design. To compare the different design solution, the ICAF, which is an indicator of the cost to avert a fatality for each measure, is calculated. The recommendations and decision-making should be based on the comparison and ranking of the risk control options as a function of associated cost and benefits.

For each design solution introduced, the ICAF is calculated automatically in the ‘Results’ spreadsheet.

The ICAF is calculated as follow:
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The Cost is the change in NPV, normally a cost introduced by the SEF; it is basically the difference between the new design cost and the original design. The RiskSaving is the reduced number of fatality, which is also the difference between the new design risk level and the original design.  Both figures are expressed per year.

For each different design solutions i.e. different SEF tried by the designer, the ICAF is calculated. This gives a basis to compare the cost-effectiveness of the different SEF, and to decide finally which risk control option should be implemented.

Note: each calculation (related to each SEF) should be saved prior to any modifications, in order to keep a backup file of the results (risk, cost and ICAF value). To save the excel file containing the results click on ‘Save’ in the Home page. This will create a backup of the main interface ‘DesignTool.xls’ in folder called Backup.

8. Troubleshooting

To avoid any problem of access path, the ‘DesignTool.xls’ should be opened from excel and not directly from the explorer.

You should also close the program opened as stand-alone before running the Comprehensive calculation.

The visual basic code requires some libraries to be installed to run properly the code. It may happen that the program does not automatically find these libraries when firstly installed. Using the tool, you may encounter the following messages ‘Unknown function’ which are caused by non-referenced libraries, usually the solver library. From excel, open visual basic by clicking on ‘Tool’, ‘Macro’ then ‘Visual Basic Editor’. The Excel solver should be installed, and recognised as a reference in Visual Basic Editor by clicking on ‘Tools/References’ in VBA Editor. You have to update the path of the missing library as indicated.

When running the cost model, you are asked to update the links between the model and a file called ‘F1cont.2.10.00’. This file is unknown and the bug has not been solved for the time being. Press Cancel, this will have no impact on the results.

9. Updating the Project Tool

As the testing period of the project tool runs, it may be necessary to update the models or main files contained in the Project Tool folder (‘S@SprojectTool_vi(YYYYMMDD)’) with new version.

Each time a file must be updated, it is important to keep the names as originally defined in the project tool folder to ensure the links between the different parts of the tool. 

Please follow this procedure to update the tool:

· Save the new file on your computer.

· Change the name of the new version using the name of the file ”as is” in the project tool folder.

· Copy the new version in the right folder:  ‘S@STool\Model’, this will overwrite the old version and update the project tool.

If you have to update the main frameworks (DesignTool.xls or Cost model.xls), please follow the same procedure.

Each time the tool will be updated the name of the project tool folder will be changed according to this format: ‘S@SprojectTool_vi(YYYYMMDD)’, with the date and the version number for the current day.

10. Glossary

The present glossary aims to define the abbreviations and specific terms used within this document.

Accident: an unintended event involving fatality, injury, ship loss or damage, other property loss or damage, or environmental damage.

Accident category: a designation of accidents reported in statistical tables according to their nature, e.g. fire, collision, grounding, etc.

Accident scenario: a sequence of events from the initiating event to the final stages.

Basic event: event at the lower level of a fault tree.

Consequence: the outcome of an accident.

Event Tree – ET: logic diagram used to analyse the effects of an accident, a failure or an unintended event. It shows the possible outcomes of an initiating event capable of producing an end event of interest (usually undesirable like an accident).

Fault Tree – FT: logic diagram showing the causal relationship between events, which singly or in combination occur to cause the occurrence of a higher level event. It is used in the fault tree analysis to determine the probability of a top event, which may be a type of accident or unintended hazardous outcome.

Frequency: the number of occurrence per unit time.

Hazard: a potential threaten to human life, health, property or the environment.

HSC: High Speed Craft

Human Factor Quotient – HFQ: single value expression of the setting of the human factors related parameters. The human factors quotient is in the range between 0 and 1 where 0 represents the worst possible setting of all human factors related parameters and 1 is the best possible setting of the parameters.

HVAC: Heat & Ventilation Air Conditioning

ICAF: Implied Cost to Avert a Fatality.

Initiating event: the first of a sequence of events leading to hazardous situation or accident.

Minimal Cut Set - MCS: a cut set which contains the minimum events required for failure. If an event is removed from a minimal cut set the remaining events will not cause a system failure on their own.

Motion Induced Interruptions– MII:  Motion Induced Interruptions per minute or loose of balance per minute.

Motion Sickness Incidence - MSI: percentage of passengers feeling sick.

Net Present Value – NPV: Cumulative Discounted Cash-flow

Risk: combination of the frequency and severity of the consequence.

Safety Enhancement Features – SEF: means of controlling a single element of risk aiming to reduce the frequency of failures, mitigate the effect and consequences of failures.

11. References

Long term motion sickness and safety of footing model user guide.doc
Short term motion sickness and safety of footing model user guide.doc
Hull Girder Vibration Model user guide.doc
Indoor climate model user guide.doc
Noise model user guide.doc
S101.31.01.058.002.doc
MA Failures Cost-Risk Tool.doc
Manoeuvring errors model user guide.doc
Long term dynamic stability risk model user guide.doc
Long term loading model user guide.doc
S103.30.13.060.004bUsersGuide.doc
Fire Risk and Cost Model - User Guide.doc
Risk Cost Model Flooding Containment User Guide.doc
12. Appendix

12.1 Appendix 1: ‘Events.xls’ file

Field
Name
Description

Foundering 
GLOBAL COLLAPSE
Global Collapse


FATIGUE CRACK PROPAGATES
Fatigue crack propagates


LOCAL PANEL COLLAPSE
Local panel collapse


LACK OF MAINTENANCE
Lack of maintenance


LOCAL DEFECTS
Local defects


RISK INCREASING FEATURES
Risk increasing features


SECOND ORDER GLOBAL FAILURE
Second order global failure


SECOND ORDER LOCAL FAILURE
Second order local failure


UNCONTROLLED CORROSION
Uncontrolled corrosion


FAILURE NOT DETECTED OR FIXED
Failure not detected or fixed in a timely fashion


CONSTANT VALUE


Dynamic stability 
DYNAMIC STABILITY ZONE
Ship in dangerous/marginal dynamic stability zones


DYNAMIC STAB NO EFFECT (SHIP)
No effect on ship considering ship being in dangerous zone


DYNAMIC STAB MINOR EFFECT (SHIP)
Minor effect on ship considering ship being in dangerous zone


DYNAMIC STAB MAJOR EFFECT (SHIP)
Major effect on ship considering ship being in dangerous zone


DYNAMICSTAB SEVERE EFFECT (SHIP)
Severe effect on ship considering ship being in dangerous zone


DYNAMIC STAB CATAS EFFECT (SHIP)
Catastrophic effect on ship considering ship being in dangerous zone


DYNAMIC STAB NO EFFECT (LIFE)
No effect on human life considering ship being in dangerous zone


DYNAMIC STAB MINOR EFFECT (LIFE)
Minor effect on human life considering ship being in dangerous zone


DYNAMIC STAB SIGNI EFFECT (LIFE)
Significant effect on human life considering ship being in dangerous zone


DYNAMICSTAB SEVERE EFFECT (LIFE)
Severe effect on human life considering ship being in dangerous zone


DYNAMIC STAB CATAS EFFECT (LIFE)
Catastrophic effect on human life considering ship being in dangerous zone

Collision & Grounding: Human factor
FAIL TO MAKE USE OF NAV EQUIPMT
Fail to make use of navigation equipment


FAIL TO MAKE USE OF RADAR
Fail to make use of RADAR


FAIL TO OBSERVE RELATIVE COURSE
Fail to observe relative course


HELMSMAN ERROR
Helmsman error


NAVIGATOR OVERCONFIDENT
Navigator overconfident


ONE NAVIGATOR PRESENT ON BRIDGE
Only one navigator present on bridge


MISINTERPRETATION COLLISION RULE
Misinterpretation of collision rules


DOESNT CHANGE COURSE
Navigator intentionally does not change course


PASSING TOO CLOSE TO OTHER SHIP
Passing too close to the other ship


ERROR MADE BY OOW
Significant error made by OOW


2ND OFFICER DOESN'T NOTICE ERROR
Second navigational officer on the bridge fails to notice error


WATCH KEEPING FAILURE
Watch keeping failure


WRONG COMMUNICATION
Involved in wrong communication


ASSUME SHIP WILL GIVE WAY
Assume other ship would fulfil its obligation to give way & change its course


ASSUME SHIP WILL CHANGE COURSE
Assume other ship would change its course


BAD EVAL OF FLOAT_OBJECT SPEED
Bad evaluation of the drift speed & course of floating object


BAD EVAL OF OTHER SHIP SPEED
Bad evaluation of speed and course of other ship


CONFUSED BY OTHER SHIP MVMTS
Confused by other ship's movement


FAIL TO USE EXTERNAL COM
Failure in the use of external commication


FAIL TO USE INTERNAL COM
Failure in the use of internal communication


FAIL TO CROSS-CHECK EQUIPMENT
Fail to perform cross-check of equipment


FAIL TO KEEP SBT SIDE OF CHANNEL
Failure to keep starboard side of the channel


ANCHORING SYSTEM FAILURE
Anchoring system failure


CONTRAVENING TRAFFIC SEPARATION
Contravening traffic separation scheme


IMPEDED BY OTHER SHIP
Impeded by other ship


ENCOUNTERED ENV CONDITION
Encountered environment condition


BAD ENV CONDITION_EYE DETECTION
Too bad environment conditions for eye detection


BAD ENV CONDITION_RADAR DETECT
Too bad environment conditions for radar detection


TUG UNVAILABLE IN TIME
Tug or towing vessel unavailable in time


FAIL TO CONNECT TUG IN TIME
Failure to connect tug in time


WIND CURRENT TOWARDS SHORE
Wind &/or current towards shore


SHORE WITHIN MAX DRIFT RANGE
shore within max drift range


FAIL TO SELF REPAIR IN TIME
failure to self repair in time


POOR SEABED CONDITIONS
Poor seabed conditions


ANCHOR CHAIN TOO SHORT
Length or anchor chain too short


GROUND NOT MAPPED
Not mapped: ground or shallow water


VTS NOT PRESENT
VTS not present


VTS FAILS TO ALERT
VTS fails to alert


ALARM NOT ACTIVE
Alarm not active


NO SPACE TO DEVIATE_GROUNDING
No space to deviate from grounding route


NO SPACE TO DEVIATE_STRIKING
No space to deviate from striking route


NO SPACE TO DEVIATE_COLLISION
No space to deviate from collision route


OTHER SHIP ENCOUNTERED_OPEN SEA
Other ship encountered in open sea


OTHER SHIP ENCOUNTERED_RESTRICT
Other ship encountered in restricted water


OTHERSHIP FAILS CLOSEQUARTER
Other ship fails to avoid close quarter


OTHER SHIP FAILS AVOID COLLISION
Other ship fails to avoid collision


FAIL TO MAKE VHF CONTACT
Failure to make VHF contact


FIXED OBJECT ENCOUNTERED RESTRIC
Fixed object encountered in restricted water


FIXED OBJECT NOT MAPPED
Not mapped fixed object in restricted water


FIXE OBJECT SUBMERGED RESTRICTED
Dangerous fixed object submerged in restricted water


ACTION OF COLLISION AVOIDANCE
Deliberate action of collision avoidance


FIXEDOBJECTENCOUNTERED OPENWATER
Fixed object encountered in open water


FIXED OBJECT NOTMAPPED OPENWATER
Not mapped fixed object in open water


FIXED OBJECT SUBMERGED OPENWATER
Dangerous fixed object submerged in open water


FLOATING OBJECT ENCOUNTERED
Floating Object encountered


DANG FLOATING OBJECT SUBMERGED
Dangerous floating object submerged


OBJECT DETECTABLE
Object detectable

Collision & Grounding: mechanical & automation
PROPULSION FAILURE
Propulsion system failure


STEERING FAILURE
Steering system failure


NAVIGATION EQUIPMENT FAILURE
Navigation equipment failure


RADAR FAILURE
Radar failure


INTERNAL COM FAILURE
Internal communication failure


EXTERNAL COM FAILURE
External communication failure


ELECTRIC SYSTEM FAILURE
Electric system failure

Collision & Grounding: manoeuvrability
BE66A_DISTANCE SHORT_CRASH STOP
Remaining distance too short for crash stop


BE66B_DISTANCE SHORT_CRASH STOP
Remaining distance too short for crash stop


BE66C_DISTANCE SHORT_CRASH STOP
Remaining distance too short for crash stop


BE67A_LAST MN AVOIDANCE TOO LATE
Last minute avoidance too late


BE67B_LAST MN AVOIDANCE TOO LATE
Last minute avoidance too late


BE67C_LAST MN AVOIDANCE TOO LATE
Last minute avoidance too late


BE67D_LAST MN AVOIDANCE TOO LATE
Last minute avoidance too late

Collision & Grounding: fire event
FIRE
Fire

Fire event tree
IGNITION EVENT
Ignition event


RAPID SELF TERMINATION
Rapid self termination


AUTOMATIC DETECTION SYSTEM
automatic detection system


HUMAN DETECTION
Human detection


FORCED VENTILATION
Forced ventilation


NATURAL VENTILATION
Natural ventilation


FIXED FIRE EXTINGUISHER SYSTEM
Fixed fire extinguisher systems


FIRE MANUALLY EXTINGUISHED
Fire extinguished manually/naturally

Grounding event tree
G_MINOR ACCIDENT
Minor & non flooding accident (Grounding ET)


G_REMAINS AFLOAT
Remains afloat after grounding

Collision event tree
C_STRUCK SHIP
Struck ship (Collision ET)


C_STRUCK SHIP_MINOR&NON FLOODING
Collision Struck ship -  Minor and non-flooding incident


C_STRUCK SHIP_FLOODING
Collision Struck ship -  ship sustained flooding


C_STRUCK SHIP_FIRE
Collision Struck ship -  ship on fire


C_STRIKINGSHIP_MINOR NON FLOOD
Collision Striking ship - minor & non flooding accident


C_STRIKING SHIP_FLOODING
Collision Striking ship -  ship sustained flooding


C_STRIKING SHIP_FIRE
Collision Striking ship -  ship on Fire


C_STRUCK_FLOODING_REMAINS AFLOAT
Collision Struck ship -  ship sustained flooding - remains afloat


C_STRUCK_FLOODING_SLOW SINKING
Collision Struck ship -  ship sustained flooding - slow sinking


C_STRUCK_FLOODING_RAPID CAPSIZE
Collision Struck ship -  ship sustained flooding - capsize


C_STRUCK_FIRE_MINOR DAMAGE
Collision Struck ship -  ship on fire - minor damage


C_STRIKING_FLOODING_AFLOAT
Remains afloat (Collision ET)


C_STRIKING_FIRE_MINOR DAMAGE
Collision Striking ship -  ship on fire - minor damage

Striking event tree
S_MINOR & NON FLOODING ACCIDENT
Minor and non-flooding incident (impact ET)


S_FLOODING_REMAINS AFLOAT
Striking - ship sustained flooding - remains afloat

Flooding fault tree
F (FT)_WAVE DAM_ STERN DOOR
Flooding through stern door due to wave damage


F (FT)_WAVE DAM_ THROUGH HULL
Flooding through hull due to wave damage


F (FT)_WAVE DAM_ THROUGH BRIDGE
Flooding through bridge due to wave damage


F (FT)_WAVE DAM_ OUTER BOW DOOR
Wave damage to outer bow door


F (FT)_BOW DOOR LEFT OPEN
bow door left open at sea


F (FT)_STERN DOOR LEFT OPEN
Stern door left open at sea


F (FT)_SIDE DOOR LEFT OPEN
Side door left open at sea


F (FT)_DOWN FLOODING OPENINGS
Flooding via down-flooding openings


F (FT)_BELOW VEHICLE DECK
Flooding below the vehicle deck


FAILURE_INNER BOW DOOR PER CASE
Failure of inner bow door per outer door failure


FAILURE_OUTER BOW DOOR PER CASE
Failure of outer bow door per wave damage


F (FT)_WHEN BOW DOOR OPEN
Flooding when bow door open per case


F (FT)_WHEN STERN DOOR OPEN
Flooding when stern door open per case


F (FT)_WHEN SIDE DOOR OPEN
Flooding when side door open per case

Flooding event tree
F_DUE TO WAVE DAMAGE
Flooding due to wave damage (ET)


F_THROUGH OPEN DOORS
Flooding through open doors  (ET)


F_DOWN FLOODING OPENINGS
Flooding through down flooding openings (ET)


F_BELOW VEHICLE DECK
Flooding below vehicle deck (ET)


F_WAVE DAM_THROUGH BOW DOOR
Flooding due to wave damage - bow door (ET)


F_WAVE DAM_THROUGH STERN DOOR
Flooding due to wave damage - stern door (ET)


F_WAVE DAM_THROUGH HULL
Flooding due to wave damage - through hull (ET)


F_WAVE DAM_INTO BRIDGE
Flooding due to wave damage - into bridge (ET)


F_THROUGH OPEN BOW DOOR
Flooding through open bow doors (ET)


F_THROUGH OPEN STERN DOOR
Flooding through open stern doors  (ET)


F_THROUGH OPEN SIDE DOOR
Flooding through open side doors  (ET)


F_WAVE DAM_BOW DOOR_AFLOAT
Flooding due to wave damage - bow door - remains afloat (ET)


F_WAVE DAM_BOW DOOR_SLOW SINKING
Flooding due to wave damage - bow door - sinking (ET)


F_WAVE DAM_BOW DOOR_CAPSIZE
Flooding due to wave damage - bow door - capsize (ET)


F_WAVE DAM_STERN DOOR_AFLOAT
Flooding due to wave damage - stern door - remains afloat (ET)


F_WAVE DAM_STERN DOOR_SINKING
Flooding due to wave damage - stern door - sinking (ET)


F_WAVE DAM_STERN DOOR_CAPSIZE
Flooding due to wave damage - stern door - capsize (ET)


F_WAVE DAM_HULL_AFLOAT
Flooding due to wave damage - hull - remains afloat (ET)


F_WAVE DAM_HULL_SINKING
Flooding due to wave damage - hull - sinking (ET)


F_WAVE DAM_HULL_CAPSIZE
Flooding due to wave damage - hull - capsize (ET)


F_THROUGH OPEN BOW DOOR_AFLOAT
Flooding through open bow doors  - remains afloat (ET)


F_THROUGH OPEN BOW DOOR_SINKING
Flooding through open bow doors - slow sinking (ET)


F_THROUGH OPEN BOW DOOR_CAPSIZE
Flooding through open bow doors  - capsize (ET)


F_OPEN STERN DOOR_REMAINS AFLOAT
Flooding open Stern door - Remains afloat (ET)


F_OPEN SIDE DOOR_REMAINS AFLOAT
Flooding open side door - Remains afloat (ET)


F_DOWN FLOODING OPENINGS_AFLOAT
Flooding through Down flooding openings - Remains afloat (ET)
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