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Summary of Conceptual Approach

1.1 Theoretical Approach

The long term loading model calculates the most probable maximum largest long term vertical bending moment (VBM) at midship for the Mediterranean scatter diagram with given weather routing factors and an operational profile. This is done both with a linear and a non-linear analysis. The non-linearity is only included in the sagging VBM. In the non-linear analysis whipping can also be included.

The probability that the individual peak values in the linear long term analysis will exceed a given value is taken as a weighted sum over all the sea states and the operational profile in the usual manner:
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where HS is the significant wave height, TZ is the zero up-crossing period, V is the ship speed, ( is the ship heading, and (R is the standard deviation for the VBM. This is calculated with a closed form expression which uses the main dimensions as input, see reference [3] for details.

The sea state and the operational parameters are assumed to be statistically independent so that
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The Mediterranean Sea scatter diagram is used together with an operational profile in which three zones are defined:
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In each zone fractions of time with a given combination of 
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are specified. These fractions can, however, vary from zone to zone making it possible to introduce speed reduction and change of course in heavy sea.

The weight factor W represents the average number of peaks per unit time in a sea state:
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The probability that the individual peak values will exceed a given value (P(Rpeak>r)) is calculated for a given range of r and a Weibull distribution is fitted to the results. From the Weibull distribution the most probable largest peak value can be found from:
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where ( is the scale factor and ( is the exponent for the Weibull distribution.

1.2 General Steps

The model should be used as follows:

· In ‘Long term VBM’ worksheet, input of parameters values

· After modification of the input parameters, calculations must be launched manually by pressing ‘shift+ctrl+a’ to update the results.

1.3 Architecture of the Program

The long term analysis of the VBM model has been implemented in the Excel file S@S_WP2_long_term_loading_vi.ii.xls and coded in Visual Basic. The file contains one worksheet:

· Long term VBM: this worksheet contains the input parameters, the auxiliary results and the main results. With the spreadsheet it is possible to get the most probable largest VBM both in a linear and non-linear formulation, and the whipping bending moment can be included.

2. Installing the program

The program is contained in the Excel workbook and does not require specific external file nor specific installation procedure. The Excel solver should be installed, and recognised as a reference in Visual Basic Editor (Tools/References in VBA Editor). It is important to run the solver before any changes are made to the spreadsheet the first time the spreadsheet is opened.

3. Entering Inputs

The colour code used is as follows:

· Light green cells: input

· Rose and orange cells: comments

· Green and grey cells: auxiliary calculations

· Turquoise cells: auxiliary results

· Yellow cells: main results 

Before launching calculations by pressing ‘shift+ctrl+a’, data should be input in the ‘Long term VBM’ worksheet.

This worksheet contains both the input parameters and the results of the calculations. When applicable, default values corresponding to the SuperSeaCat 3 values are indicated in blue characters.

The input parameters are:

· Main dimensions: ship length between perpendiculars, waterline breadth, draught and block coefficient

· Operational diagram:

· Four different speeds, for which the heading is varied in five steps from 0( to 180(
· For the three Hs intervals the probabilities of sailing with the given heading and speed. For each Hs interval the sum should be one.

· Operational time in years

· Scatter diagram:

· Weather routing factor.

· Bow flare coefficient according to the DNV definition

· Relative number of peaks with whipping

· Standard deviation for whipping

· Input for the short term analysis used as an indication of the long term results:

· Significant wave height (Hs)

· Zero up-crossing period (Tz)

· Ship speed

· Max linear peak value. This value corresponds to the highest peak VBM in the calculations 

4. Running the program

After modification and/or control of the input parameters as described in the previous section, calculations must be launched manually by pressing ‘shift+ctrl+a’ to update the results. During the calculations the Excel Solver function is used and it is necessary to decide if the found solution should be kept or not before the calculations are continued.

The calculations of the long term VBM at midship is made in accordance with the method described in [3].

The ‘Long term VBM’ worksheet contains many results. Only the most useful ones are mentioned here:

· The most probable largest VBM in the entire operational period

· Standard deviation of the VBM for two headings

· The probability that the individual long tem peaks (P[individual peak > xxxx MNm]) as function of Tz are higher than a specified value. Each long term peak corresponds to a Hs, Tz combination in the scatter diagram.

· The probability that an individual long term peak (P[individual]) is higher than the peak VBM (Peak)

· The Weibull approximation (Weibull appr.) of P[individual]

· The probability that the maximum peak value in the operational time (P[max]) is higher  than the peak VBM value (Peak)

The results of the calculation are obtained almost instantaneously.

5. Understanding the outputs

The main result of the analysis is the most probable largest VBM in the entire operational period. This value corresponds to the largest peak VBM that it is most probable that the ship will encounter during the entire operational period. 

6. Troubleshooting

Problems due to bad reference to Excel solver. Check that the solver is recognised as a reference in Visual Basic Editor. See under Tools/References in the VBA Editor. 
7. References

[1]
Estimation of ship motions using closed-form expressions, J.J. Jensen, A.E. Mansour, A.S. Olsen, Ocean Engineering, vol. 31, pp. 61-85, 2004

[2]
Implementation of models – Seakeeping and availability models, S@S deliverable No. D2.3.2, ID S102.32.11.052.001B.

[3]
Formulation of Loads for Verification Modelling & Design Tools, S@S WP3 deliverable D321 ID Code: S103.21.06.052.001, J.J. Jensen, M. Collette and M. Cooper















_1131533233.unknown

_1131533480.unknown

_1131534862.unknown

_1131534744.unknown

_1131533465.unknown

_1109089073.unknown

_1109089223.unknown

_1109089292.unknown

_1109089197.unknown

_1109089016.unknown

