Safety at Speed – S@S

Risk/Cost Model for 

Flooding Containment 

User Guide 

Version 1.00
Issue Date: 2003-12-01

Contract No. G3RD-CT-2001-00331

Contents

31.
Summary of Conceptual Approach


31.1
Theoretical Approach


51.2
General Steps and Architecture of the Program


62.
Installing the program


63.
Entering Inputs


64.
Running the program


65.
Understanding the outputs


66.
Troubleshooting


77.
References




Summary of Conceptual Approach

1.1 Theoretical Approach

The risk/cost model for flooding, developed as part of the activities of Work Package 4 of the project, has been implemented in three separate Excel workbooks, for use within the project-wide Project Tool, as follows:

· Fault tree for flooding from causes other than collision, grounding or impact/ striking - Excel file name: S@SWP4_Fault_Tree_Flooding_v1(20031029).
· Event trees for outcomes of collision, grounding, impact/striking, “other” causes of flooding (including a method for estimation of the probability of survival in cases of collisions) – Excel file name: S@SWP4_Event_Trees_Flooding_v1(20031029).
· Differential cost model for different vehicle deck arrangements and for variations in the number of bulkheads and position of main deck – Excel file name: S@SWP4_Cost_Model_Flooding_v1(20031029).

S@SWP4_Fault_Tree_Flooding_v1(20031029)
The fault tree for flooding from causes other than collision, grounding or impact / striking, calculates the probability of occurrence for the following events:

· Flooding due to wave damage
· Through bow or stern doors, hull, into bridge

· Flooding due to open door on vehicle deck

· Bow, stern or side doors

· Flooding via down-flooding opening

· Flooding below the vehicle deck 

The following basic events have been considered as contributing to these causes of flooding:

· Wave damage to outer bow door
· Failure of outer and inner bow door

· Flooding through stern doors, hull, into bridge due to wave damage

· Bow, stern, side doors not closed when going to sea

· Bow, stern, side doors opened in port

· Flooding when bow, stern, side door open

· Flooding via down-flooding openings and below vehicle deck

The model relates to the following parameters (the user of the spreadsheet can alter their values):

· Area of operation
· Rules and bow door configuration

· ISM Compliance

· Turn around time in port

· Sheltered water routes

· Freeboard

· Number of trips per year 

Full details of this model are given in Deliverables D420 and D430.

S@SWP4_Event_Trees_Flooding_v1(20031029)
Using the severity scale for effects to human life and property contained in IMO’s FSA Guidelines, event trees for outcomes of collisions, grounding, impact / striking and other causes of flooding have been implemented in this Excel workbook.

The predictive method for the outcomes of collisions, when flooding occurs on the struck vessel (i.e. remains afloat, slowly sinks or rapidly capsizes), have been developed using results of damage survivability calculations carried out for the S@S basis vessel and a second high speed monohull, as well as, for reason of completeness of the approach, by using research results derived for conventional passenger Ro-Ro vessels (for a limited percentage of potential damage scenarios).   In summary, calculations performed and data used include the following:

· Damage survivability results of the S@S basis vessel for two-, three- and four- compartment damage cases.

· Attained Subdivision Index calculations for the three alternative bulkhead arrangements considered for the S@S basis vessel with GM varying from 0.5 to 5.3 metres (Obtained A values equal to 1 for GMs as low as 1.5 metres – results proven to be insensitive to variations).

· Results of damage stability calculations of a second high speed monohull (122 metres in length) - similar GZ-curves as for the S@S basis vessel – verified the results obtained.

· Damage survivability results obtained for conventional passenger Ro-Ro vessels.

Using distribution density functions for non-dimensional length, the following data have been finally used within the predictive method developed:

· Modified distributions for damage lengths: 85% for 2-comp damages, 10% for 3-comp damages and 5% for 4-comp damages and above
· Branch probabilities for 2-comp damages: 96% remains afloat, 3% slowly sinks, 1% rapidly capsizes

· Branch probabilities for 3-comp damages: variations according to conventional Ro-Ro data

· Branch probabilities for 4-comp damages: 75% slowly sinks, 25% rapidly capsizes

Parameters are treated as follows within this model:

· Vessel main dimensions: insensitive to damage stability and survivability results for high speed monohulls
· Internal subdivision: variations on vehicle deck arrangement, number of bulkheads and location of main deck considered

· Damage lengths: considered within the method

· Operational sea state: method considered to be applicable for 4.0 metres sea state

Full details of this model are given in Deliverables D420 and D430.

S@SWP4_Cost_Model_Flooding_v1(20031029)
The model requires the following input:

· Main particulars (length, clearance of the vehicle deck, draught, beam, block and midship coefficients, wetted surface area
· The number of bulkheads, the car deck depth and the arrangement on the vehicle deck for the variant designs considered (basis vessel and alternative under consideration)

· Material, labour and overhead unit cost (per square metre) for construction

The model outputs an overall figure for the cost difference as well as the cost differences for all the variations considered separately. 
1.2 General Steps and Architecture of the Program

No particular general steps need to be followed.  Inputs  should be entered in the first spreadsheet of each work book only.

S@SWP4_Fault_Tree_Flooding_v1(20031029)

Macros should be enabled to run this workbook.

· Spreadsheet (Input Characteristics): Input values should be entered in this spreadsheet, but selected the appropriate option in the drop-down menus or by entering operational values.

· Spreadsheet (Base Events Frequencies): No alternation should be made on this spreadsheet.  These are the basic assumptions made within the model.

· Spreadsheet (Fault Tree 1): No alteration should be made.  The output of the spreadsheet is contained in Cell F10.

· Spreadsheet (Fault Tree 2): No alteration should be made.

· Spreadsheet (Figure of Contributions): Graphical representation of contributions.

· Spreadsheets (Contributions of Scenarios) and (Event Tree): Not necessary for executing the spreadsheet.

S@SWP4_Event_Trees_Flooding_v1(20031029)
· Spreadsheet (Branch Probabilities): Input values entered in the three drop-down menus, whilst outputs are automatically calculated in Cells I36, I37 and I38, whilst the respective cells in spreadsheet (Collision Event Tree) are updated automatically.

· Spreadsheets (Collision Event Tree), (Grounding Event Tree – With DB), (Grounding Event Tree – No DB), (Impact Event Tree), (Flooding Event Tree).  No alternation should be made.

S@SWP4_Cost_Model_Flooding_v1(20031029)
This workbook consists of one spreadsheet only (called Design Changes), which contains both inputs and outputs, as described in section 1.1 above.

2. Installing the program

There is no specific installation procedure.  All models have been developed as Excel workbooks.

3. Entering Inputs

Inputs should be provided from either drop-down menus or as parameters values as described above.  The inputs need not be entered in a specific sequence.

4. Running the program

Once all inputs have been entered, the Excel spreadsheet updates automatically the shells containing the results. 

5. Understanding the outputs

Outputs are in the following forms:

S@SWP4_Fault_Tree_Flooding_v1(20031029)

The single output, frequency of flooding from causes other than collision, grounding, impact / striking (termed accidental flooding in the spreadsheet) is given in Cell F10 of the spreadsheet (Fault Tree 1) as a number of occurrences per year.

S@SWP4_Event_Trees_Flooding_v1(20031029)
· Outputs in Spreadsheet (Branch Probabilities) are expressed as probabilities of the vessel remaining afloat, rapidly capsizing or slowly sinking.

· Outputs in the remaining of the spreadsheet are given in a generic form, since the events trees contained there are subject to integration in the Project-wide tool.

S@SWP4_Cost_Model_Flooding_v1(20031029)
The outputs are expressed as differential costs between a basis design and an alternative under consideration in Euros.

6. Troubleshooting

No problem has been reported so far.

7. References

Deliverables D410, D420, D430.
















