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Executive summary suitable for publication
This document explains the key variables, sensitivity, and potential safety-enhancing features related to the structural foundering model created by WP3.  This analysis is done at a high level so that it is practical for everyday design work, and is presented as a series of steps for reducing critical risks.  The S@S is the acronym for Safety at Speed, a project supported by the European Commission under the Growth Programme of the 5TH Framework Programme. The support is given under the scheme of RTD, Contract No. G3RD-CT-2001-00331.
1. Sensitivity and SEF Analysis
This document is designed to help WP6 conduct a design sensitivity study of the foundering model in Safety@Speed.  The sheet is divided into sections, each section addresses one input probability to the foundering fault tree.  The input probabilities that are affected by the structural design are discussed below, including global collapse risk, local panel collapse risk, and fatigue risk(which effects global collapse through fatigue crack propagation).  Thus, second order events resulting from another source, such as collision or grounding, should be addressed by changing the probability of collision or grounding. Only design parameters are considered here, other parameters such as the uncertainty values are not discussed. 

1.1 Global Collapse

If the global collapse risk is too high, it can be reduced in several ways.  The global collapse model examines the upper flange of the hull girder collapsing in compression.  To decrease the risk, the panels identified as part of the upper flange should be identified.  For these panels, the ratio of compressive strength to yield strength can usually be increased if it is not quite high already (>0.8), through the procedure below:
Find the panel’s output on the HTML output file created by the foundering LabVIEW program.  The location of this file is specified in the main input panel of both the GUI and text file version of this program.  



1: Identify and ratio of panel

2: The response surface of the ultimate strength formula is shown below with both a surface and contour plot of the ultimate strength as a function of and  Using this surface, determine if it is most beneficial to reduce ,or both(most common).  To reduce these value, the following steps can be taken.  These are roughly prioritized in order of benefit. 



:





Increase plate thickness





Decrease stiffener spacing




:





Increase stiffener size





Decrease panel length





Decrease stiffener spacing





Increase plate thickness(not most effective)

If the compressive strength of the deck panels can not easily be increased(either high already, or perhaps a required extrusion), there are two other options.  The remaining structure may be increased, so that the overall stress level in the hull girder drops, or the loading may be reduced by changing the speed, operating environment, profile, or bow flare coefficient in the long-term loading analysis. 
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Figure 1: Surface Plot of Compressive Strength of Panels Against Slenderness Ratios
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Figure 2: Contour Surface Plot of Compressive Strength of Panels Against Slenderness Ratios

1.2 Local Panel Collapse:

If the local panel risk is too high, the first step is to identify the panel or panels which are contributing most to this risk.  These panels will be the panels with the lowest compressive collapse safety indexes in the HTML output file created by the foundering LabVIEW program discussed in Section 2.1 above. The first solution is to increase the local buckling strength of these panels, using the same procedure as described for the deck panels above.  The second option is to decrease the overall stress levels in the hull girder by adding more material to the midship section, most profitably at the upper and lower flanges of the section.  The final option is reduce the loading to reduce the stress level, by changing the speed, operating environment, profile, or bow flare coefficient in the long-term loading analysis. 

1.3 Fatigue Risks
Note: This will also effect the probability of global collapse through crack propagation. 

If the fatigue risk is too high it can be reduced by lowering the stress level of the critical fatigue details.  These details will have the lowest fatigue safety index (quite often this will be a negative number at this point!) in the HTML output file created by the foundering LabVIEW program  discussed in Section 2.1 above.   From a design standpoint, fatigue is most sensitive to stress levels.  The S-N fatigue curves used in the S@S model have an slope exponent of 3, meaning that fatigue damage increases with the cube of the stress range.  Thus, a 20% decrease in stress will halve the fatigue damage.  The most effective method of reducing the stress are listed below:

1. Reduce the stress concentration factor of the panel (SCF)

2. Reduce the overall stress level in the hull girder by adding more material to the midship section

3. Reduce the overall stress level in the hull girder by reducing the loading through changing the speed, operating environment, or profile in the long-term loading analysis.  Note that fatigue is calculated from linear load ranges, so it is not sensitive to the bow flare coefficient. 

If it is not possible to reduce the stress level, the fatigue risk can also be reduced by improving the S-N curve used, which would reflect higher workmanship in the shipyard.  However, the level of improvement in the S-N curve vs. workmanship is very difficult to define, and it is not recommended to use this approach without a plan to measure and document the fatigue quality of the workmanship in the shipyard through experimental studies.  Adjusting the S-N curve through the various default settings provided can help determine if pursuing such an approach is worthwhile.   Likewise, increasing the maintenance to “high” will reduce the risk of global collapse through fracture, although this must be supported with evidence of a decreased crack length at time of repair.  Deliverable D3.3 explains in further details the crack size distribution used at present. 
















