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1. Summary of Conceptual Approach
This manual applies to version 0.06 dated 29 April 2004 and to following versions of the long term dynamic stability model.
1.1 Theoretical Approach

In order to deliver a probability of capsize due to dynamic stability failure, the IMO guidance rules have been implemented in a long term analysis, in the same way as implemented for the availability model [4].

Thus, the operating and sea state conditions that will be encountered by the ship are defined as a probability distribution of wave incidences with respect to the ship and by a wave scatter diagram (probability distribution of (Tz, Hs), Tz – zero up-crossing period, Hs – significant wave height). The ship speed is considered constant for all these conditions (ship speed input by operator). Wave incidence and sea state (Tz, Hs) are considered to be independent variables.

The probability of being in dangerous surf-riding/broaching, marginal surf-riding/broaching, dangerous successive waves attack, dangerous synchronous rolling and dangerous parametric rolling zones is determined separately for each phenomenon by applying the IMO procedure for each condition wave_incidence(i), and wave characteristics Tz(j), Hs(i). For each phenomenon, and each condition, the occurrence (i,j) is either 0 (safe) or 1 (dangerous or marginal). Then, the global probability of occurrence of each phenomenon is given by:
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Then these probabilities are weighted with factors giving the occurrence per year of each phenomenon with respectively:

· No, Minor, Major, Severe and Catastrophic effects on ship,

· No, Minor, Significant, Severe and Catastrophic effects on humans.

These weighting factors include in fact two levels: the probability of encountering the phenomenon when the ship is in the IMO dangerous / marginal zone, and the probability of having one of the five effects when the phenomenon occurs.

The above occurrences are also summed up over each phenomenon to give the total occurrence per year of each effect.

The weighting factors have been defined by expert judgement. They are presented as a matrix in the ‘Matrix’worksheet.
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	Matrix of weighting factors


The above matrix is defined for a ship equipped with steering water jet. Such a steering device is favourable to reduce the risk of dynamic instability for following seas. Consequently, if the ship is not equipped with steering water jets then the above probabilities for broaching / surf-riding and successive waves attack are multiplied by a factor of 2, given in the ‘Matrix’ worksheet.
The above matrix is also defined for active roll stabilisation in operation. The risk of synchronous or parametric roll will be reduced if active roll stabilisation is operating. Consequently, if no active roll stabilisation is operating then the above probabilities for synchronous and parametric roll are multiplied by a factor of 10, also given in the ‘Matrix’ worksheet.
Finally, the risk of being in a dangerous or marginal dynamic stability zone will be null if the crew follows the IMO guidance. Consequently, the probability of each effect is weighted by the factor (1-HFQ), where HFQ is the Human Factor Quotient calculated in WP1 and demonstrating the crew performance. For a very performing crew, HFQ=1 and the weighting factor is zero. For a poor performing crew, HFQ=0 and the weighting factor is 1, which means that the dangerous or marginal situations will not be avoided.
Following the IMO procedure, dangerous or marginal surf-riding/broaching and dangerous successive waves attack situations are investigated only if:

· The wave length is larger than 0.8 x ship length between perpendiculars

· The significant wave height is larger than 0.04 x ship length between perpendiculars

· The wave direction is 0° to 45° from the stern

It is not clear from the IMO guidance whether the constraints applied for broaching should be applied also on synchronous and parametric rolling. Since this does not seem physically relevant, it has been decided to search the occurrence of synchronous rolling and of parametric rolling whatever the wave length, height and direction with respect to the ship.

The IMO guidance indicates that synchronous (resp. parametric) rolling occurs when the wave encounter period is close to the roll natural period (resp. half the roll natural period). This has been implemented as synchronous (resp. parametric) rolling occurs when the difference between the wave encounter period and the roll natural period (resp. half the roll natural period) is lower or equal than 20% of the roll natural period (resp. of half the roll natural period).

For successive waves attack, a difference has been detected on the dangerous zone boundaries given in the text (encounter wave period/mean wave period between 1.5 and 2.8) and the ones represented on figure 3 of the guidance (encounter wave period/mean wave period between 1.36 and 3.08). The latter have been assumed to be correct.

1.2 General Steps
The model should be used as follows:

· In 'Main' worksheet, input of design parameters values, of ship speed and of the HFQ value to be used.

· Check/modifications of wave scatter diagram ('Scatter diagram.' worksheet), wave incidence probability distribution ('Incidence distrib.' worksheet).

· In 'Main' worksheet, press 'DYNAMIC STABILITY CALCULATION' button. The number of conditions (wave incidence, Tz, Hs) to be calculated and the progress (in %) of the calculation is displayed. Once the calculation is finished, 'Completed' appears for progress and the probability values for each effect are displayed in the yellow cells.

1.3 Architecture of the Program
The dynamic stability model has been implemented in the Excel file S@S_WP2_Dynamic_stab_vi.ii.xls and coded in Visual Basic. The file contains four worksheets:

· Main: where the design parameters, speed and HFQ value are input by the operator, the capsizing calculation is run and the results displayed.

· Scatter diag.: where the wave scatter diagram is input.

· Incidence distrib.: where the wave incidence distribution with respect to the ship is input.

· Matrix: were the weighting factors corresponding to the various effects on ship and humans for each phenomenon, and where additional weighting factors accounting for the absence of steering water jet and of active roll stabilisation are given.

2. Installing the program

The program is contained in the Excel workbook and does not require specific external file nor specific installation procedure.
3. Entering Inputs

The colour code used is as follows:

· Light green cells: input data – to be entered by operator.

· Yellow cell: result of the model

· Grey cells: intermediate data calculated by the model.

· Green cells: information for guiding the operator.

Some 'input' cells present comments defining their contents and their default values when applicable.

Before launching calculations ('DYNAMIC STABILITY CALCULATION' button in main worksheet) data should be input as follows:

· In 'Main' worksheet, input of design parameters values, of ship speed and of the HFQ value to be used.

· Check/modifications of wave scatter diagram ('Scatter diagram.' worksheet), wave incidence probability distribution ('Incidence distrib.' worksheet).

Worksheet 'Main'

This worksheet is the main interface with the user. It contains fields corresponding to input parameters, a button 'DYNAMIC STABILITY CALCULATION' which starts the dynamic stability calculation, and fields presenting the results.

The input parameters are set to default values corresponding to the SuperSeaCat 3. The default values are indicated in comment cells which are displayed when the mouse pointer is located on the input cells.

If the roll natural period is unknown, set it to zero. The program will then estimate it from the waterline breadth and the transverse metacentric height by the IMO recommended formula:

TN=2 x (0.373 + 0.023 x B / T - 0.043 x Lpp / 100) x B / (GMT)1/2.
Where Lpp is the length between perpendicular, B is the waterline breadth, T is the draught and GMT is the transverse metacentric height.

It should be noted that the main design parameter used by the IMO criteria is the ship length. The ship breadth, draught and GMT are used only to calculate the roll natural period (if not given by the operator), which is used only for synchronous and parametric rolling.

Intermediate results are also displayed in grey cells (see section 4).

The results are presented in a chart. First, the probability for the ship to be in the various dangerous/marginal zones is presented for each phenomenon.

Then each probability is weighted by factors corresponding to:

· the operational hours ratio per year,

· the risk of having the occurrence of each phenomenon when the ship is in the dangerous/marginal zones and of having the different effects when these phenomena occur; these factors are in the matrix in ‘Matrix’ worksheet,

· the presence of steering water jets or rudder on the above factors for broaching / surf-riding and successive waves attack,

· the presence or absence of active roll stabilisation on the above factors for parametric and synchronous roll,

· the capabilities of the crew; factor (1-HFQ).

The probability of occurrence per year of each effect is then obtained by summing the ones of each phenomenon.

Worksheet 'Scatter diag.'

In this worksheet, the operator defines the scatter diagram of the waves that the ship will encounter. The scatter diagram gives the probability of occurrence of each couple Tz – zero up-crossing period, Hs – significant wave height.

The operator should input the Tz (in seconds) and Hs (in meters) values, as well as the corresponding probabilities. The maximum number of Hs and Tz is 15, but it is possible to use fewer values, provided that the probabilities are always filled from the upper left corner of the chart. The sum of probabilities should be equal to 1. The actual sum is displayed in the lower right corner of the diagram. If the sum is different from one, the program will automatically divide all the probability values by the sum. This can also be done by pressing the 'Read diagram' button from the worksheet.

As default, a Mediterranean Sea wave scatter diagram, modified for more resolution at the lower end of the spectrum is used.

Worksheet 'Incidence distrib.'

In this worksheet, the operator defines the wave incidences that the ship will encounter. The wave incidences are defined with respect to the ship longitudinal axis and 180° is head sea. 

The wave incidences are considered independent from the sea state, that is all combinations of defined wave incidences and (Tz, Hs) will be calculated.

Up to 8 incidences can be used. The operator has to input the wave incidence (in deg.) and the corresponding probability of occurrence. Less than 8 incidences can be used, provided that the chart is filled from the first left column of the chart.

The sum of probabilities should be equal to 1. The actual sum is displayed in the lower right corner of the diagram. If the sum is different from one, the program will automatically divide all the probability values by the sum. This can also be done by pressing the 'Read' button from the worksheet.

4. Running the program
Once all input data have been entered and/or checked as described in the previous section, go to the 'Main' worksheet and press 'DYNAMIC STABILITY CALCULATION' button.

Intermediate results are displayed in grey cells during the calculation:

· Number of calculated conditions: this corresponds to the number of wave Hs, Tz and incidence conditions for which the horizontal and vertical accelerations will be calculated at each user selected location. This number corresponds to number_Hs x number_Tz x number_wave_incidences.

· Progress: this value represents the progress of the calculation in percent. It is updated continuously during the calculation and displays 'Completed' when finished

Once the calculation is completed, the probabilities of occurrence per year of the different effects on ship and humans are displayed in the yellow cell.
It should be noted that modifications of: Human factor Quotient, Type of steering device, Active roll stabilisation and operational hours per year input parameters will automatically update the probability values, without need to press on 'DYNAMIC STABILITY CALCULATION' button.
The calculation takes a few seconds on a 1.2 GHz processor.

5. Understanding the outputs

Using all default values for SSC3, the predicted probabilities of occurrence per year of each phenomenon are as follows:
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One observes that, in the default conditions, the main risk comes from broaching/surf-riding and from synchronous roll.
It should be noted that the probability of ‘No’ effect corresponds to the probability of being in a dangerous/marginal dynamic stability zone without having any effect on ship or human respectively. The probability of not being in such zones is not included in the No effect probabilities. Therefore, the ‘No’ effect probability can decrease if the risk of being in a dangerous zone decreases.
The main design parameters influencing the dynamic stability model are:

· Ship length and to a smaller extent the type of steering device (water jet or rudder) for broaching/surf-riding.
· Presence of active roll stabilisation and roll natural period for parametric and synchronous roll; the ship breadth, draught and GMT are used only to calculate the roll natural period (if not given by the operator).

A sensitivity analysis to these parameters, and to the ship speed, is presented in the separate document [4].
6. Troubleshooting

No reported problem so far.
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