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Introduction 

This document reports on the progress achieved in Work Package 3 “Foundering” during the second year (2002.07.01 to 2003.06.30) of the Safety@Speed project. Following a brief overview of the objectives of the tasks and sub-tasks that were active during the reporting period, the work that was carried out, results and expenditure of time 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.

1.1 Work Package Number

WP 3

1.2 Work Package Title

Foundering

1.3 Work Package Leader

WP 3 leader: ABS 

1.4 Work Package Partners

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

	Task
	Task leader
	Partner
	Partner
	Partner
	Subcontractors

	3.2.1
	DTU
	ABS
	
	
	

	3.2.2
	NTUA
	
	
	
	

	3.2.3
	NTUA
	ABS
	UNEW
	
	

	3.2.4
	UNEW
	
	
	
	

	
	
	
	
	
	

	3.3
	UNEW
	ABS
	
	
	


1.5 Reporting period

2002.07.01 – 2003.06.30

2. Work Package-Objectives

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 3.2 and 3.3 were active as per the Technical Annexe and the objectives for these tasks are given in the following sub-sections.

2.1 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).

The detailed objectives are given as follows

2.1.1 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. 

2.1.2 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  

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

To evaluate different hull-girder and local 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. 

2.1.4 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.  

2.2 Task 3.3 – Hazard Area Risk Cost Model

To develop a probabilistic model with appropriate multi-dimensional criteria to correlate the variations in the extreme hydrodynamic load, structural strength and fatigue predictions, construction quality, corrosion and material properties to reliability indices. 

To develop a cost model to include all relevant information regarding HSC structures. Damage consequences evaluated in other tasks of WP3 will be assessed and cost related to each damage scenario will be calculated based on the shipyard (building and repair costs) and from the ship operator (operating cost and loss of revenue due to reduced service availability). Additionally, the model will show comparative costs for related design modifications due to safety enhancement features.

The risk/cost models will be inter-linked, and the complete model will be subsequently used in WP5.

3. Progress Against Plan

For the reasons given in the previous annual report, some delays were expected in carrying out the Sub-Tasks in 3.2. However, as also stated, these delays were not expected to hinder the overall Task or subsequent Tasks that were dependent on Task 3.2 results.

Thus the Tasks in 3.2 were run in parallel and in conjunction with Task 3.3 and delayed time was recovered enabling a timely completion to Task 3.3.

The progress against plan is shown in the Table below:

	Task
	Description
	Oct 01
	Nov 01
	Dec 01
	Jan 02
	Feb 02
	Mar 02
	Apr 02
	May 02
	Jun 02
	Jul 02
	Aug 02
	Sep 02
	Oct 02
	Nov 02
	Dec 02
	Jan 03
	Feb 03
	Mar 03
	Apr 03
	May 03
	Jun 03
	Comment

	3.2
	Formulation of Models
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.1
	Interface with WP2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Completed

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Development of Loads
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Completed

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Structural Inspection of SSC3
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Completed

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Literature Search
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Completed

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.2
	Development of 3D Model
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Completed

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.3
	Simplified Ultimate Strength Predictions
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Completed

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Development of 2D Design Techniques
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Completed

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Development of Design Guidelines
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Completed

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.2.4
	Investigation into Structuural Fatigue of HSC
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Completed

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.3
	Hazard Area Risk/Cost Model
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Completed

	
	Co-ordination with WP5
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Ongoing

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Research and produce models
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Completed

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	Project Schedule
	
	
	Agreed Extension
	
	
	Proposed Schedule
	
	
	Actual Schedule

	
	
	
	
	
	
	
	
	
	
	
	


Milestone within the reporting period are given in the Table below:

	Task
	Deliverable
	Due date(1)
	End Date
	Completed(2)

	
	ID
	Title
	
	
	

	3.2
	S103.21.06.051.001
	D321 Formulation of Load Case Data
	2003-03-31
	2003-06-30
	Being Reviewed

	3.2
	S103.22.14.051.001
	D322 Formulation of FE Modelling
	2003-03-31
	2003-06-30
	Being Reviewed 

	3.2
	S103.23.06.051.001
	D323 Formulation of Linear & Non Linear Modelling
	2003-03-31
	2003-06-30
	Being Reviewed 

	3.2
	S103.24.13.051.001a
	D324 Longevity Modelling
	2002-12-31
	2003-03-31
	2002-12-31

	3.3
	S103.30.13.053.001a
	D330 Hazard Area Risk/Cost Model
	2003-06-30
	2002-09-30
	Being Reviewed

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

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


4. Work Performed & Achievements in the Period

During the period covered by this report all the activities carried out within Task 3.2 and 3.3 are discussed.

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

4.1 Task 3.2 – Formulation of Models

The work carried out for Task 3.2 is reported in in the Deliverables D321, D322, D323 & D324.

The work of the four sub-tasks within Task 3.2 was carried out concurrently and the following work was achieved:

· A simplified method of determining wave induced vertical motions and accelerations has been developed.

· Methods of obtaining Simplified load cases for 2D FE analysis have been investigated, analysed and documented.

· A Full ship 3D model has been developed to assist in the various sub-task analyses.

· A part ship 3D model has been developed and elasto-plastic analysis carried out.

· A simplified method of determining ultimate strength and the associated risk has been investigated and developed.

· A 2D analysis of various parts of the vessel’s structure has been undertaken in order to evaluate a simplified method of determining local strength.

· A simplified fatigue calculation procedure has been investigated and developed in conjunction with a user-friendly software program.

In conjunction with the sub-tasks additional support work was carried out, namely:

· Structural Inspection of the M/V SuperSeaCat 3

· Literature search

· Comparison of various Classification Society Rule structural requirements.

4.2 Task 3.3 – Hazard Area Risk/Cost Model

The work carried out for Task 3.3 is reported in the Deliverables D330.

Risk/Cost models have been developed and user-friendly software written to implement the investigation of Risk/Cost at the early design stage of developing a design of a High Speed Craft.       

5. Participation from Partners

The work content and participation of the Partners is given below and summarised in the form of a table at the end of the section.

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 models. The full ship model exceeded 200,000 nodes and the mesh made up of both shell and beam elements. The model excluded the superstructure above the deck where the expansion joints were fitted, as this was considered to have little effect on the analysis to be undertaken. A part 3D model was also developed for a section of the vessel from frames 56 to 68 for the purpose of elasto-plastic analysis. Explicit and Implicit analysis was carried out on the part 3D model. The work carried out by NTUA is documented in Document ID Code S103.22.14.051.001 

The American Bureau of Shipping Europe carried out the development of the spreadsheets for determining Rule scantlings in accordance with Classification Society requirements. They also developed 2D models for examination of specific areas of the vessel’s structure. In conjunction with the 2D modelling they determined suitable procedures obtaining simplified loads for the model based on published data available to industry, such as Classification Society Rules.   

The University of Newcastle was 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 was undertaken 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 was 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.  This has been implemented in a user-friendly piece of calculation software. 

The University of Newcastle has also developed the Risk/Cost model and this again has been implemented by a user-friendly piece of software for the user.   

The input from participants is summarised in the following table with respect to the activities carried out within Task 3.2 and 3.3:

	
	Task 3.2
	Task 3.3

	Partner
	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
	Develop Risk/Cost Model
	Co-ordinate with WP5
	Deliverable D324

	ABS
	(
	(
	(
	(
	
	
	(
	(
	
	(
	
	(
	
	
	(
	

	FIN
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	SEA
	
	
	(
	
	
	
	
	
	
	
	
	
	
	
	
	

	DTU
	(
	(
	
	
	
	
	
	
	
	(
	
	
	
	
	
	

	UNEW
	
	
	(
	(
	
	(
	
	(
	(
	
	
	(
	(
	(
	(
	(

	NTUA
	
	
	
	
	(
	
	
	
	
	
	(
	
	
	
	
	

	CET
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


6. Manpower Consumption versus Budget

	Task
	Partner
	Allocated M/M
	Actual M/M (1st Year)
	Total
	%Utilisation

	
	
	
	1st Year
	Current

Year
	
	

	3.2
	ABS
	9 
	0.25
	6.75
	7.0
	78

	
	DTU
	3
	0.5
	1.5
	2.0
	66.7

	
	UNEW
	12
	9
	3.0
	12.0
	100

	
	NTUA
	10
	3
	7.0
	10.0
	100

	3.3
	ABS
	1.4
	
	0.5
	0.5
	35.7

	
	UNEW
	13
	N/A
	13
	13.0
	100

	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. 


7. Corrective Actions

Non to-date.

8. Conclusions for the Period

The activities carried out in Tasks 3.2 and 3.3 for the reporting period are generally in line with those that were originally planned in the Technical Annex.

The Deliverable required to be completed by the end of the second year of the project are completed and currently being reviewed.

The conclusions can be summarised as follows:

· The proposed Tasks as given in the Technical Annexe has been carried out

· Some additional Tasks were identified and carried out successfully.

· Simplified methods of load prediction have been developed.

· Simple evaluation tools have been developed to assist in determining relative risk due to global and local structural failure in association with the project basis vessel.    

· The Deliverables for Task 3.2 have been completed.

· Risk/Costs models have been investigated based on the work and investigation carried out in Tasks 3.1 & 3.2.

· A user-friendly software program has been developed to assist in the Risk/Cost structural design process.

· The Deliverable for Task 3.3 has been completed in a timely manner.
















