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Executive summary suitable for publication

This document reports on the progress achieved in Work Package 3 “Foundering” during the first year (2001.07.01 to 2002.06.30) of the project. Following a brief overview of the objectives of the tasks and sub-tasks that were active during the reporting period, the work carried out and results achieved are detailed and discussed.  The report concludes with a statement of the progress achieved against planned activities, as described in the Technical Annex (Annex II) to the Contract.
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.
General Summary

The principal objective of Work Package 3 is to develop suitable risk/cost models for high-speed craft for implementation in a risk-based design methodology, addressing the key factors pertinent to foundering.

The specific issues to be addressed include the confirmation of the main causes for foundering, followed by the development and implementation of risk/cost models associated with structural failure.

Work Package 3 is comprised of three tasks:



Task 3.1 - Confirmation of main causes,



Task 3.2 - Formulation of models,



Task 3.3 – Hazard Area Risk/Cost Model

During the reporting period, Tasks 3.1 and 3.2 were planned to be active

1.1 Project Title

Safety at Speed - S@S 

1.2 Contract Number

G3RD-CT-2001-00331

1.3 Participants

Work Package 3 leader: ABS 

The following table shows the participants in the active tasks for the reporting period.

	Task
	Task leader
	Partner
	Partner
	Partner
	Subcontractors

	3.1
	FIN
	ABS
	SEA
	CET
	

	
	
	
	
	
	

	3.2.1
	DTU
	
	
	
	

	3.2.2
	NTUA
	
	
	
	

	3.2.3
	NTUA
	ABS
	UNEW
	
	

	3.2.4
	UNEW
	
	
	
	

	
	
	
	
	
	


1.4 Reporting period

2001.07.01 – 2002.06.30

1.5 Work Package-Wide Objectives

The objectives for the active tasks during the reporting period are given in the following sub-sections.

1.5.1 Task 3.1 – Confirmation of the main causes

The objectives of the work carried out in this Task are:

· To confirm that the initially identified hazards of global structural failure, local structural failure and structural failure due to fatigue could lead to the vessel foundering.

· To ascertain if there are other possible hazards that could lead to foundering, but have not been identified at the proposal stage of the project. 

· To identify and categorise the possible causes that could lead to structural failure.

· To quantify the possible extent of structural analysis and modelling that will require to be carried out in Task 3.2

1.5.2 Task 3.2 – Formulation of Models

Task 3.2 is divided into four sub-tasks and the objectives of each are given in the following sub-sections.

1.5.2.1 Sub-Task 3.2.1 – Interface with WP2

To obtain and provide all relevant information and loading data required to carry out sub-tasks 3.2.2 through to 3.2.4. 

1.5.2.2 Sub-Task 3.2.2 – FE modelling

To develop a finite element model and investigate parts of the structure that could be critical to foundering  

1.5.2.3 Sub-Task 3.2.3 – Linear & non-linear modelling

To evaluate different hull-girder strength assessment methods with a view to providing guidance to designers on the appropriateness of the methods and their application to the preliminary design process. 

1.5.2.4 Sub-Task 3.2.4 – Fatigue & longevity modelling 

To examine areas of the high speed craft that have been identified as problematic and investigate the associated issues, with a view to providing design tools that will reduce the risk of these problems occurring in the service life of the craft.  

1.6 Work and Achievements in the Period

During the period covered by this report all the activities carried out within Task 3.1 and those ongoing within that of Task 3.2 are discussed.

The work carried out for Task 3.1 was completed and documented in Deliverable D310.

The work being carried out for Task 3.2 is reported in working documents that are currently being written or under revision and will be integrated into deliverables D321, D322, D323 & D324.

A brief summary of work content and achievements for the Tasks are given in the following sub-sections.

1.6.1 Task 3.1 – Confirmation of main causes

The confirmation of main causes for foundering was carried out by two independent analyses using different techniques that were then reviewed and compared with a synopsis of a High-Speed Craft accident database.

The two independent analysis tools employed were Fault Tree analysis and Failure Mode, Effect and Criticality Analysis.

Results and conclusions were drawn from the two analyses and the synopsis and are given in detail in Deliverable 310.

1.6.2 Task 3.2 – Formulation of Models

The work of the four sub-tasks within Task 3.2 is being undertaken concurrently and ongoing.

In conjunction with the sub-tasks additional support work has/is being carried out, namely:

· Structural Inspection of the M/V SuperSeaCat 3

· Literature search

· Comparison of various Classification Society Rule structural requirements.

1.7 Discussion of Results in the Period

· The Deliverable D310 was produced in a timely manner.

· The Deliverables for Task 3.2 are behind schedule for reasons that are explained later in the report.

· Every effort will be made to bring WP3 schedule back into line by the 2nd quarter of the second year.

1.8 Conclusions for the Period

· Task 3.1 was completed

· Deliverable D310 was completed 

· Work for Task 3.2 is ongoing

· Deliverable for Task 3.2 will of necessity be completed after the forecast Milestone date in the Technical Annexe.

· Lost time can be recoverable by the 2nd quarter of the second year

Introduction

The following Sub-Sections briefly detail the objectives, achievements and work plan for the reporting period.

1.9 Objectives for the Reporting Period

1.9.1 Task 3.1 – Confirmation of main causes

The Safety@Speed project required that WP3 reviews and confirms the hypothesised hazards that could lead to foundering. Namely:

· Global Structural Failure

· Local Structural Failure

· Structural Failure Due to Fatigue

It was also a necessity, for completion of future tasks, to identify the causes that could lead to structural failure (hazards).

1.9.2 Task 3.2 – Formulation of Models

The Sub-Tasks within the task are involved with developing simplified methods of determining the impact on design, when considering the global and local strength, in the design stage of an High-Speed Craft.

In addition the research will endeavour to quantify this in a tangible form for application in the risk/cost modelling in Task 3.3.

The means of doing this is by:

· Ascertaining load scenarios applicable to the service of the High-Speed Craft (Sub-Task 3.2.1).

· Building a global 3D Finite Element model (Sub-Task 3.2.2).

· Developing simplified models to ascertain global and local strength (Sub-Task 3.2.3).

· Develop construction guidelines (Sub-Task 3.2.3).

· Investigate the aspects of structural fatigue in High-Speed Craft (Sub-Task 3.2.4).

1.10 Expected Achievements for the Reporting Period

The following subsections outline the expected achievements for the reporting period.

1.10.1 Task 3.1 – Confirmation of main causes

· To Investigate and confirm that the proposed hazards were correct.

· To determine if there are any unidentified hazards.

· To determine causes of structural failure.  

· To produce Deliverable D310 Confirmation of Main Causes.

1.10.2 Task 3.2 – Formulation of Models

· To commence the determining of operational load scenarios for High-Speed Craft.

· To commence a global 3D model.

· To commence investigation into global strength of High-Speed Craft

· To commence investigation into local strength of High-Speed Craft.

· To commence investigation into the fatigue aspects of High-Speed Craft.

1.11 Work plan for the Reporting Period

The following subparagraphs outline the work plan for the reporting period.

1.11.1 Task 3.1 – Confirmation of main causes

Due to the deferred start of the Safety at Speed project the work plan for Task 3.1 was set back by two months from that originally envisaged in the Technical Annex. This was in agreement with the Project Officer and after discussions in the PMC meetings in September 2001 (in Lyngby) and in October 2001 (in Crete).

The final completion of Deliverable D310 was achieved accordingly. 

The following table provides a summary of the manpower consumption of the partners involved.

	Partner
	Allocated M/M
	Actual M/M

	ABS
	2
	See Section 5.3

	FIN
	3
	See Section 5.3

	SEA
	1
	See Section 5.3

	DTU
	
	See Section 5.3

	UNEW
	
	See Section 5.3

	NTUA
	
	See Section 5.3

	CET
	3
	See Section 5.3


1.11.2 Task 3.2 – Formulation of Models

The deferred start described in paragraph 3.3.1 above also means that there is a carry over effect to Task 3.2. Therefore, the work plan is not as advanced as far as was initially intended. Furthermore, due to the scheduling of the work programme set out in the Technical Annexe, some information required from WP2 -Task 2.2 will not be available to WP3 in time to bring about a scheduled completion.

The following table provides a summary of the manpower consumption of the partners up to the end of the reporting period.

	Partner
	Allocated M/M for Task
	Actual M/M Todate

	ABS
	5 
	See Section 5.3

	SEA
	
	See Section 5.3

	DTU
	3
	See Section 5.3

	UNEW
	12
	See Section 5.3

	NTUA
	10
	See Section 5.3


1.12 Milestones in the Reporting Period

This section provides a list of milestone(s) within the reporting period.

	Task
	Deliverable
	Due date
	End Date
	Completed

	
	ID
	Title
	
	
	

	3.1
	S103.10.06.054.001
	Confirmation of Main Causes
	2001-11-30(1)
	2002-02-30
	2002-02-28(2)

	(1) First Issue (delivered for internal review to WP3).

(2) Final Issue to the Co-ordinator and the EC (implementing comments made by DMI and VBD)


Materials and Methods

1.13 Task 3.1

The methodology adopted to achieve the task objectives was to carry out two independent analyses using different techniques that were then reviewed and compared with a synopsis of a High Speed Craft accident report database. The reason for this particular methodology was to ensure that an analysis, which focused on the possible direct causes of structural failure of High Speed Craft, was backed up by a broader confirmatory review. The second review further considered all possible direct and other indirect causes leading to structural failure.

The two independent analysis tools employed were Fault Tree Analysis (FTA) and Failure Mode, Effect and Criticality Analysis (FMECA).

CETENA and Fincantieri carried out the FTA with the primary objective of confirming direct causes of structural failure. Other members of the WP provided additional input and support.

The FMECA was carried in order to back up the work done for the confirmation of main causes either direct or indirect. The FMECA was carried out as a project wide workshop to enable the widest possible input of expertise and knowledge and to assist each WP in providing them with a uniform analysis approach in their first task of “confirming main causes”.

The University of Newcastle carried out the synopsis of the High-Speed Craft accident report database.

The complete process was iterative in that after the initial FTA, FMECA and Accident Synopsis had been performed the results were reapplied to the Possible Causes and the process repeated to obtain the final conclusions.

Full details of the methods and implementation are given in Deliverable D310

1.14 Task 3.2

Task 3.2 is to be accomplished by the various partners using established design tools and techniques already used extensively in other areas of the Naval Architecture and Shipbuilding in an attempt to ratify simplified design tools for use in the preliminary early stages of the design of High-Speed Craft. In some cases the established tools will need to be modified and bench marked to accommodate the application to High-Speed Craft.

A global 3D finite element model is being developed for evaluating and calibrating the simplified design tools.

The simplified design tools are intended to encompass aspects of design such as global and local strength, fatigue behaviour and basic design principles.

In conjunction with the work being carried out, as set out in the Technical Annexe, additional support work has been deemed necessary:

· This has been to carry out a structural inspection of an existing High-Speed craft.

· To carry out a comparison of some of the major classification societies Rule requirements for High-Speed Craft.   

The Technical University of Denmark is the primary provider of the information related to sea-keeping prediction. Based on a comparison of sea-keeping prediction software, used by the different partners, a rational procedure able to predict the wave induced vertical motions and accelerations, and the midship bending moment with sufficient engineering accuracy has been developed. The procedure takes into account all pertinent parameters: length, breadth, block coefficient, forward speed and operational profile. The formulas derived are semi-analytical such that the calculations can be easily implemented in the design stage of the vessel. Further information can be found in Document ID Code: S102.00.13.060.001. The comparison of the sea-keeping codes that has been conducted in WP2 is documented in Document ID Code: S102.00.13.050.001c.

The National Technical University of Athens is responsible for the development of the 3D Finite element model. The model will be for the complete vessel including the superstructure and the mesh made up of both shell and beam elements. It is estimated that the final model will exceed 120,000 nodes. Additional support work and 2D analysis is to be provided by ABS.

The University of Newcastle is responsible for investigating simplified methods capable of predicting the ultimate strength of a HSC hull girder.  To achieve this task, a literature review was carried out to identify potential simplified analysis methods. The beam-column method was selected as the most promising method. However, the literature review indicated that there are significant uncertainties in estimating the stress-strain curves of aluminium stiffened panels.  These stress-strain curves are a key part of the beam-column approach. A further literature review was carried out to identify “experimentally determined” stress strain curves for stiffened panels.  A benchmarking study is underway to compare the results of three popular beam-column methodologies to the aluminium panel experimental results, with the aim of being able to advise HSC designers of the applicability of beam-column methods to aluminium HSC. 

The University of Newcastle is also responsible for developing a simplified fatigue calculation method for HSC.  A literature review was carried out to investigate the various methods of estimating the fatigue life in the preliminary design stage. The results of this review showed that there was a lack of applicable simplified methods. A new reliability-based, hot-spot S-N methodology was proposed as an ideal fit for the requirements of the Safety@Speed project.  Significant progress has been made in implementing this method in a user-friendly piece of calculation software. 

Results

1.15 Results, Objective-wise

This section lists the results for the period, as compared to the plan.

1.15.1 Task 3.1 – Confirmation of main causes

The deliverable D310 was completed and the conclusions drawn from the analysis are as follows:

· HSC could founder due to global or local structural failure.

· The risk of foundering due to global structural failure is low.

· The risk of foundering due to local structural failure is of the medium order.

· A HSC could suffer permanent global damage due to unexpected loads.

· The risk of a HSC sustaining local structural failure is high.

· The risk of HSC sustaining second order causes of structural failure is high.

Furthermore, based on the results of the analysis sufficient information has been obtained to identify the causes that lead to first order structural failure.

From the list of causes, further analysis can be carried out to determine the extent of finite element modelling (and associated load cases) that is required to be undertaken to support the task 3.3 probabilistic modelling. 

For generic analysis, WP3 need to establish and develop the design parameters and examine the effect on design to establish risk/cost relationships.

Other WP’s should note that there were identified causes of high risk that could lead to second order structural failures and eventual foundering.  

1.15.2 Task 3.2 – Formulation of Models

The following is a summary of the progress so far for the Sub-Tasks of 3.2:

· The results from the simple expression for the midship vertical bending moment has been compared to numerical results from the sea-keeping prediction software I-ship, and to experimental results from model tests, for details see Document ID Code: S102.00.13.060.001.  Generally the bending moments predicted by the simple expression are lower than the I-ship results, and they agree better with the experimental results.

· At this stage, the development of the 3D Finite element model geometry has been completed up to the level of the passenger deck. The model elements are now being inserted and it is estimated that the completed model size will total 120,000 nodes. For the modelling of side shell, decks, bulkheads, webs, girders and bracket /minor structural details, four node shell elements that can carry both in-plane and bending loads are used. At least two elements are used to model the shell between consecutive web frames. Longitudinal stiffeners and web flanges are modelled using two-node beam elements.

· The University of Newcastle’s work on simplified ultimate strength methods is ongoing, and is addressing the objectives listed in the WP3 Storyboard, specifically addressing the applicability of previously proposed simplified methods to HSC. A preliminary report documenting the performance of the LR.PASS simplified methodology for aluminium HSC has been issued (S@S Document S103.23.13.058.001b). Work on the other simplified methods is ongoing, and the expected completion is 30 September 2002.

· The University of Newcastle’s work on a fatigue model is ongoing.  A successful reliability-based calculation scheme has been developed which should enable WP3 to adequately address the storyboard objective of “quantifying the fatigue problem in HSC”.  Ongoing work is focusing on implementing this model in a user-friendly fashion for preliminary design work, and determining appropriate material strength and workmanship parameters for the model.  At the current time, this work is on track to finish by the milestone date of 30 September 2002, although it will not be possible to review and adjust this formulation with the loading information to be provide by WP2 by this date. As previously highlighted in Section 3.3, the results from necessary tasks in WP2 will not be completed by this date. 

1.16 Results, Achievement-wise

The activities carried out in Tasks 3.1 and 3.2 for the reporting period are in line with those that were originally planned in the Technical Annex.

In addition the following extra tasks have been achieved:

· Structural Inspection of the M/V SuperSeaCat 3

· Literature search

1.17 Results, Work plan-wise

In considering the results, work-plan wise the following table summarises the estimated time (based on the S@S Storyboard Programme), actual time, utilisation, percentage completion, and a descriptive comparison of expected progress vs. actual progress.

The breakdown of input from participants is summarised Section 8 – Input from Participants

	Task
	Partner
	Allocated M/M
	Actual M/M (Todate)
	%Utilisation 
	%completion
	Progress

	3.1
	ABS
	2
	1.5  (See Note)
	75%
	100
	Timely

	
	FIN
	3
	3
	100%
	100
	Timely

	
	SEA
	1
	1
	100%
	100
	Timely

	
	DTU
	
	
	
	100
	Timely

	
	UNEW
	
	0.33
	Additional
	100
	Timely

	
	NTUA
	
	
	
	100
	Timely

	
	CET
	3
	3.6
	120%
	100
	Timely

	3.2
	ABS
	5 + 0.5
	0.25
	N/A
	5
	Delayed

	
	SEA
	
	
	N/A
	
	Delayed

	
	DTU
	3
	0.5
	N/A
	17%
	Delayed

	
	UNEW
	12
	9
	N/A
	75%
	Delayed

	
	NTUA
	10
	3
	N/A
	30%
	Delayed

	Note! 

The allocation of man/months was based on initial estimates of expected time needed. In some cases the time has been re-allocated to proceeding tasks, to overcome deficiencies in utilisation that have become apparent as the project has developed. 


Discussion

There are no specific points that require discussion concerning Task 3.1 other than the fact that the Task was completed and the Deliverable completed in a timely manner.

With regard to Task 3.2, it was agreed at the Paris meeting in May 02, that due to the problems of deciding the project wide base model at an early stage, followed by the delay in obtaining suitable structural drawings, that the Milestone dates for the Deliverables D321. D322, D323 & D324 would be set back to allow adequate time for the completion of the Sub-Tasks.

It was further noted that some of the Sub-Tasks within WP3.2 required data from WP2 of which it would not be available until completion of their Tasks.

For these reasons, some of the Deliverables for Task 3.2 are not expected to be completed by the due date. However, every endeavour and opportunity will be taken to ensure that the project is brought back into line by the 2nd quarter of the second year.

Additional tasks not envisaged at the proposal stage in the technical annexe have/need to be undertaken. These needs have become obvious due to the work in progress and are as follows:

· Comparison of Classification Societies Rule structural requirements for HSC.

· Extensive investigation to aluminium alloys when considering global collapse predictions

· Extensive investigation to aluminium alloys when considering the detail design of structural connections with a good fatigue characteristics.

Dissemination and Exploitation

As the project is in its infancy and early stages, no structured dissemination and/or exploitation of the results have been carried out at this stage.

However, some individuals within the Work Package have benefited from the research and investigation carried out so far and will be determining ways in which it can be used in other related projects.

Input from Participants

The input from participants is summarised in the following table with respect to the activities carried out within Task 3.1 and Task 3.2.

It should be noted that the deliverables D321. D322, D323 & D324, are not included within the scope of the year being reported but are given for completeness in referencing Task 3.2.

	
	Task 3.1
	Task 3.2
	

	Partner
	Fault Tree Analysis
	FMECA carried out at Newcastle
	Synopsis of Accidents/Incidents Database provided by WP1
	Deliverable D310
	Interface With WP2
	Development of Loads  for other Sub-Tasks in Task 3.2
	Structural Inspection of the M/V SuperSeaCat3
	Literature Search
	Development of 3D FE model 
	Development of Simplified Ultimate Strength Prediction 
	Development of Suitable 2D FE design techniques
	Development of Design Guidelines
	Investigation into Structural Fatigue on High Speed Craft
	Deliverable D321
	Deliverable D322
	Deliverable D323
	Deliverable D324
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