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(1) The refinement of the work to be carried out to achieve the WP objectives led to some changes in the technical description of numerical and experimental analyses.
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Introduction

This storyboard describes the work plan of work package 2 – Ship Motion Hazards. It describes for each task of the work package : the objectives, the methodology to be followed, the role and responsibilities of partners , the schedule, the links with other tasks and/or work packages and the deliverables.

1. Description of Work Package Objectives

The aim of Safety @ Speed is to develop a formalised methodology for design for safety of HSC using state-of-the-art techniques and tools. The global deliverable is this methodology, accompanied by supporting tools and information, which will enable HSC designers to reach an optimal solution with regard to overall safety and through-life cost

To achieve this, a 6-work packages organisation has been promoted. It divides the project into three main phases being the development of the tools for the different hazard categories, the integration of the tools in order to build up a general-purpose methodology to design safer ships, and a case study to demonstrate the effectiveness of all these developments. Work packages 1 to 4 belong to the first phase and are split according to the hazard category tackled: collision and grounding (WP1), ship motions hazards (WP2), foundering (WP3) and containment of damage and fire (WP4). WP5 deals with the second phase and WP6 with the third one.

The principal objective of WP2 – Ship Motion Hazards is to develop a suitable risk/cost model of key factors affecting hazards associated with ship motions, to be implemented (in WP5) in a risk based design methodology for high-speed craft.

Following the confirmation of the key main causes, the specific objectives to be addressed are the development and implementation of risk/cost models for :

· the human factor, i.e. the crew en route, the passengers

· the hull design, i.e. the hull design (hull shape variations, procedures and tools used in studies such as numerical predictions, model testing, full scale measurements)

· the operational practice; i.e. the operational practice (operational envelope) performed with actual shipping route, vessel loading, vessel speed and heading, and encountered sea states

Since ship motion hazards models to be developed have both hull design and operational practice parameters, both hull design and operational practice are considered together.

Description of Methodology & Standards

In a first step, the hazard factor, foreseen at the proposal level (human factor, hull design, operational practice) will be confirmed or completed, on the basis of a project-wide Failure Mode, Effect and Criticality Analysis (FMECA). A list of hazardous events related to ship motion of a HSC in operation, with associated input parameters and risk criteria, will be established. Ship motion related data required by other work packages (in particular by WP3 – Foundering), will also be identified.

Then, the development of risk/cost models for each identified hazardous event will be based on numerical simulations, model scale testing and full scale testing. The risk model will be based on a simplified closed-form equations seakeeping model. The model will be validated using data generated by a parametric numerical analysis (with variations of the simplified model parameters) by means of a hydrodynamic code. A benchmark of seakeeping codes available among the work package partners will be organised and the results compared together and with model tests data available from a previous European project (SEAWORTH), and with data from model tests data and sea trials performed specifically within S@S project, in order to define the most suitable code. Sea trials will also provide data for the development of risk models related to the effect of human of ship motion, noise, vibration and indoor climate.

In a final step, the risk/cost models will be implemented, following implementation specifications to be issued by WP5 - Integration.

2. Description of Task Structure

Work package 2 is composed of three tasks, with some of them also divided into sub-tasks :

· Task 2.1 – Confirmation of main causes

· Task 2.2 – Formulation of models

· Sub-task 2.2.1 – Human factor

· Sub-task 2.2.2 – Hull design

· Sub-task 2.2.3 – Operational practice

· Task 2.3 – Implementation of models for motions

· Sub-task 2.3.1 – Implementation of model for human factor

· Sub-task 2.3.2 – Implementation of model for hull design

· Sub-task 2.3.3 – Implementation of model for operational practice

Since ship motion depend simultaneously on both hull design characteristics and on operational parameters, the associated developments in sub-tasks 2.2.2 and 2.2.3, and implementation in sub-tasks 2.3.2 and 2.3.3, will be jointly performed. The above formal sub-task structure will however be kept for consistency with the work programme.

Work Programme

2.1 Task 2.1 – Confirmation of main causes

2.1.1 Task Objectives

This first task consists of a review of hazards related to ship motions and associated environmental loading, and of the relevant affecting factors. The purpose is twofold : that of confirming what was foreseen at the proposal level in terms of factors (human factor, hull design, operational practice) affecting the reference hazards (crew and passengers disorientation and injury; foundering due to structural failure as a consequence of environmental loading) and that of better specifying and detailing what “attributes” should be considered within the models, for each affecting factor.

2.1.2 Task Methodology & Work Distribution

The work will take the form of a system level safety review, to be performed using as a reference the selected representative vessel. It will be based on a project-wide FMECA analysis, and on the establishment of a list of hazardous events related to ship motions of a HSC in operation with associated input parameters (attributes) and risk criteria.

2.1.2.1 Participants Responsibilities and Work

The task leader is : SIREHNA

Other participants in the task are : VTT, UNEW

Criterion for Conclusion

Final deliverables

2.1.2.2 Distribution of work

	Partner
	Role
	Effort (MM)

	SIREHNA
	· Task Leader.

· Attributes for operational practice.
	2

	VTT
	· Attributes for human factor.
	1

	UNEW
	· Attributes for hull design.
	1


2.1.3 Task Schedule

	Task
	Task
	Technical milestones

	start date
	end date
	Description
	Date

	01.07.01
	30.11.01
	see deliverable D210
	30.11.01


2.1.4 Task Links & Constraints

Task to be finished to start Tasks 2.2 and 2.3

2.1.5 Task Deliverables

	Type of deliverable
	Deliverable number and Title
	Milestone Date
	Review Date

	Report
	D210 Confirmation of Main Causes
	30.11.01
	31.01.01


2.2 Task 2.2 – Formulation of models

This task aims at developing detailed models for the identified factors. As compared with the project work programme, the duration of the sub-tasks dedicated to the formulation of models (sub-tasks 2.2.1 to 2.2.3) is extended, to provide a more realistic time for performing the developments and the model and full scale tests. The time allocated to the implementation of models is reduced in the same proportion so that the overall WP2 schedule is not affected. Besides, reports presenting the progress of models formulation are still scheduled on the date of the initial final deliverables of the model formulation sub-tasks.

2.2.1 Sub-task 2.2.1 – Human factor

2.2.1.1 Sub-task Objectives

The objective of this sub-task is to develop a detail risk/cost model for the influence of ship motion related hazardous events on human.

2.2.1.2 Sub-task Methodology & Work Distribution

The sub-task will develop along the following steps:

· Human Factor Analysis to identify the most common human factors associated with :

1. vibrations, noise and indoor climate (cf. engines, propulsion, hull structure, insulation) with mostly effect on passengers.

2. motion sickness, safety of footing and shocks (cf. ship motion and wave loading) with effect on passenger and crew workability to operate the vessel.

3. Review of existing models and data for noise, vibration and indoor climate.

· Analysis of Sensitivities : There is much information on adverse effects of vibrations and noise on passengers. It will be gathered and analysed for an HSC board environment: identification of main parameters and their effects assessed for estimating the risk and cost consequences (passenger safety and comfort). For factors associated with motion and acceleration, this leads to tentative estimates of risk and costs for passengers (comfort, threat to passenger safety) and crew (workability to operate the vessel, reduced mobility/efficiency on board). These activities will interact with the activities of the other subtasks, which would provide measurements and numerical predictions, and particularly full-scale measurements in sea trials.

· Formulation of Model : development of a model for the comparison of costs and risks associated with the human factors (passengers, crew en route) of high-speed crafts

2.2.1.2.1 Participants Responsibilities and Work

The sub-task leader is : VTT

Other participants in the sub-task are : NTUA

2.2.1.2.2 Criterion for Conclusion

Final deliverables ; model for human factor formulated

Distribution of work

	Partner
	Role
	Effort (MM)

	VTT
	· Sub-task Leader.

· Human factors associated with motion sickness, safety of footing and impact induced accelerations.

· Contribution to the formulation of the model.
	5

	NTUA
	· Human factors associated with vibrations, noise and indoor climate.

· Contribution to the formulation of the model.
	3


2.2.1.3 Sub-task Schedule

	Task
	Task
	Technical milestones

	start date
	end date
	Description
	Date

	01.12.01
	31.03.03
	see intermediate deliverable ID221

see deliverable D221
	31.01.03

31.03.03 


2.2.1.4 Sub-task Links & Constraints

Sub-task can start only after completion of Task 2.1.

Input from sub-tasks 2.2.2 and 2.2.3 (numerical predictions and measurements)

2.2.1.5 Sub-task Deliverables

	Type of deliverable
	Deliverable number and Title
	Milestone Date
	Review Date

	Intermediate

Report
	ID221 Formulation of model for human factor
	31.01.03 ?
	31.03.03

	Report
	D221 Formulation of model for human factor
	31.03.03
	30.06.03


2.2.2 Sub-task 2.2.2 – Hull design

2.2.2.1 Sub-task Objectives

This sub-task will develop a model of the risk and cost consequences relating to hull design (hull shape variations) in HSC through studies with numerical predictions and model testing, for motions with consequences for passengers and crew (addressed in subtask 2.2.1), for extreme global loads and local impact loads with consequences for structure failure in WP3. Data from full scale measurements performed in sub-task 2.2.3 will also be exploited. As a matter of fact, activities in sub-tasks 2.2.2 and 2.2.3 will be performed simultaneously by partners of both sub-tasks.

2.2.2.2 Sub-task Methodology & Work Distribution

Work on the task comprises :

· Desk study : 

1. Benchmark of some seakeeping codes available between WP2 partners and comparison with existing seakeeping experimental data made available from a previous EU project (SEAWORTH), in order to determine the accuracy of seakeeping predictions and to determine which code has to be used, and for what purpose.

2. Performing of a first series of seakeeping calculations on the SuperSeaCat 3 vessel.

3. First review of existing simplified seakeeping models and of the points to be validated and/or refined.

4. Specifications for the parametric seakeeping numerical simulations (variations of : ship length, breadth, draft, ship speed, wave directions, with output of motions, vertical bending moment and vertical acceleration RAOs).

5. Specifications for seakeeping model tests.

· Parametric seakeeping numerical analyses : hydrodynamic analyses performed on the target vessel (SuperSeaCat 3) according to the specifications of the desk study by using the seakeeping codes selected by the benchmark in order to generate a database for the validation of the seakeeping model. Data to be used for the validation of the simplified seakeeping model.

· Analysis of sensitivities with model testing : hydrodynamic testing on one scaled model on the target vessel (SuperSeaCat 3) in seakeeping on head waves (regular and irregular waves), analysis of the bow flare influence on global loads (two bow flares investigated), analysis of large motions as well as of global bending moment in relation to hydro-elasticity (elastic segmented model) and local impact loads ; it will provide the vessel response in motions, in extreme global loads (wave induced sagging and hogging bending moments) and in local impact loads (slamming pressures on bow area). in relation to WP3 it will provide local impact pressure data and acceleration at CG data, as well as information related to the frequency of occurrence of events of peak slamming pressures and of whipping.

· Formulation of Model : development of models for the comparison of costs and risks associated with the hull design in hydrodynamics (motions and associated global and local loads) of high-speed crafts.

2.2.2.2.1 Participants Responsibilities and Work

The sub-task leader is : DTU

Other participants in the sub-task are : UNEW, SIREHNA

Criterion for Conclusion

Final deliverables ; results from numerical simulations and from model tests available ; model accounting for hull design formulated.

2.2.2.2.2 Distribution of work

	Partner
	Role
	Effort (MM)

	DTU
	· Sub-task Leader.

· Participation to the benchmark of seakeeping codes (I-SHIP code).

· Development of simplified seakeeping models for motions, acceleration and vertical bending moment for longitudinal and roll motions ; validation of the simplified seakeeping models using parametric numerical and model/full scale experimental data.
	8

	UNEW
	· Organisation and participation to the benchmark of seakeeping codes (SHIPMOPC, SEAWAY).

· Performing of a first series of seakeeping calculations on the SuperSeaCat 3 vessel.

· Parametric numerical seakeeping analysis.
	5

	SIREHNA
	· Participation in to the benchmark of seakeeping codes (preparation and delivery of SEAWORTH experimental data).

· Model tests (combined with ST223 model tests)

· Interface with other WP2 sub-tasks and other work packages.
	5


2.2.2.3 Sub-task Schedule

	Task
	Task
	Technical milestones

	start date
	end date
	Description
	Date

	01.12.01
	31.03.03
	see intermediate deliverable ID222/223

see deliverable D222/223
	15.11.02

31.03.03


2.2.2.4 Sub-task Links & Constraints

Sub-task can start only after completion of Task 2.1.

Activities in sub-tasks 2.2.2 and 2.2.3 closely related.

Relations with WP3 concerning global loads, local loads and accelerations.

2.2.2.5 Sub-task Deliverables

Since activities in sub-tasks 2.2.2 and 2.2.3 are closely related, deliverables of both sub-tasks will be merged.

	Type of deliverable
	Deliverable number and Title
	Milestone Date
	Review Date

	Intermediate Report
	ID222/223 Formulation of models for hull design and operational practice
	15.11.02
	31.12.02

	Report
	D222/223 Formulation of models for hull design and operational practice
	31.03.03
	30.06.03


2.2.3 Sub-task 2.2.3 – Operational practice

2.2.3.1 Sub-task Objectives

This subtask will develop a model of the risk and cost consequences relating to operational practice for the selected representative vessel, in terms operational envelope (variations) to consider vessel speed and heading, vessel loading and encountered sea-state.

2.2.3.2 Sub-task Methodology & Work Distribution

The scheduled work comprises :

· Desk Study : 

1. Benchmark of some seakeeping codes (common with ST2.2.2).

2. Performing of a first series of seakeeping calculations on the SuperSeaCat 3 vessel (common with ST2.2.2).

3. First review of existing simplified seakeeping models and of the points to be validated and/or refined (common with ST2.2.2).

4. Review of available data, simplified models and methodologies to analyse and model the broaching phenomenon.

5. Specifications for the parametric seakeeping numerical simulations (common with ST2.2.2).

6. Specifications for seakeeping model tests (common with ST2.2.2).

7. Specifications for sea trials ; preparation of questionnaires for the influence of ship motions, noise, vibration and indoor climate on human.

· Parametric seakeeping numerical analyses : analysis performed in common with sub-task 2.2.2 numerical analyses.

· Analysis of sensitivities with model testing : analysis performed in common with sub-task 2.2.2 model tests.

· Analysis of sensitivities with full-scale measurements : full-scale measurements will be performed in order to give complementary seakeeping data for codes and models validations, to provide data on indoor climate, noise and vibration, and to collect information on their influence on human from people on board through the use of a questionnaire. Sea trials will be performed on the target ship (SuperSeaCat 3), with measurements of ship motions, accelerations (3 axis) at the rear, at midship and in the fore part of the ship, noise, humidity and temperature, vibrations in the rear part of the ship. Estimation of sea state will also be performed during sea trials by means of a wave radar (altimeter) mounted on the ship and of hindcast data.
· Formulation of Model : development of a model for the comparison of costs and risks associated with the operational practice (motions and associated global and local loads) of high-speed crafts and with broaching.

2.2.3.2.1 Participants Responsibilities and Work

The sub-task leader is : SIREHNA

Other participants in the sub- task are : SSRC, DTU, VTT, NTUA, SEA

2.2.3.2.2 Criterion for Conclusion

Final deliverables ; results from numerical simulations, from model tests and from sea trials available ; models accounting for operational practice and for broaching  formulated.

2.2.3.2.3 Distribution of work

	Partner
	Role
	Effort (MM)

	SIREHNA
	· Sub-task Leader

· Model tests (combined with ST222 model tests)

· Sea trials organisation and ship motions and sea state measurements

· Responsible for the formulation of model

· Interface with other WP2 sub-tasks and other work packages
	14

	SSRC
	· Desk study on broaching

· Formulation of model for broaching
	(1)

	DTU
	· Development of simplified seakeeping models for motions, acceleration and vertical bending moment for longitudinal and roll motions ; validation of the simplified seakeeping models using parametric numerical and model/full scale experimental data (common activity with ST2.2.2).


	3

	VTT
	· Participation to sea trials ; acceleration measurements ; link with ST221
	4

	NTUA
	· Participation to sea trials ; noise, vibration and indoor climate measurements ; link with ST221
	5

	SEA
	· Participation to sea trials ; delivery of the ship for trials and assistance to installation of measurement equipment and to trials ; delivery of hindcast wave data.
	3


(1) Indicative effort allocation for SSRC (in accordance with the Technical Annex – Annex I to the CEC contract) for the work to be undertaken in this task is 4 MM.

2.2.3.3 Sub-task Schedule

	Task
	Task
	Technical milestones

	start date
	end date
	Description
	Date

	01.12.01
	31.03.03
	see intermediate deliverable ID222/223

see deliverable D222/223
	15.11.02

31.03.03


2.2.3.4 Sub-task Links & Constraints

Sub-task can start only after completion of Task 2.1.

Activities in sub-tasks 2.2.2 and 2.2.3 closely related.

Relations with WP3 concerning global loads, local loads and accelerations.

2.2.3.5 Sub-task Deliverables

Since activities in sub-tasks 2.2.2 and 2.2.3 are closely related, deliverables of both sub-tasks will be merged.

	Type of deliverable
	Deliverable number and Title
	Milestone Date
	Review Date

	Intermediate Report
	ID222/223 Formulation of models for hull design and operational practice
	15.11.02
	31.12.02

	Report
	D222/223 Formulation of models for hull design and operational practice
	31.03.03
	30.06.03


2.3 Task 2.3 – Implementation of models for motions

The objective of this task is to implement the models formulated in the previous sub-tasks, in order to be suitable for integration into the Project Tool.

2.3.1 Sub-task 2.3.1 – Implementation of model for human factor

2.3.1.1 Sub-task Objectives

The objective of this sub-task is to implement the model formulated for human factor in the previous task (ST221), in order to be suitable for integration into the Project Tool in WP5.

2.3.1.2 Sub-task Methodology & Work Distribution

The implementation will take the form of a “handbook” like tool for design purposes, as well as of a computerised decision support system. The implementation will be performed according to specifications issued in WP5.

2.3.1.2.1 Participants Responsibilities and Work

The sub-task leader is : VTT

Other participants in the sub-task are : none

2.3.1.2.2 Criterion for Conclusion

Final deliverables ; model implemented as a software ready for integration in WP5.

2.3.1.2.3 Distribution of work

	Partner
	Role
	Effort (MM)

	VTT
	· Sub-task Leader

· Implementation of the model for human factor
	2


2.3.1.3 Sub-task Schedule

	Task
	Task
	Technical milestones

	start date
	end date
	Description
	Date

	01.01.03
	30.06.03
	see deliverable D231
	30.06.03


2.3.1.4 Sub-task Links & Constraints

Sub-task to be finished to start integration in WP5.

Need for specifications from WP5 for the implementation of the model.

2.3.1.5 Sub-task Deliverables

	Type of deliverable
	Deliverable number and Title
	Milestone Date
	Review Date

	Report/SW
	D231 Implementation of model for human factor
	30.06.03
	30.09.03


2.3.2 Sub-task 2.3.2 – Implementation of model for hull design

2.3.2.1 Sub-task Objectives

The objective of this sub-task is to implement the model formulated for hull design in the previous task (ST222), in order to be suitable for integration into the Project Tool in WP5.

Sub-task Methodology & Work Distribution

The implementation will take the form of a “handbook” like tool for design purposes, as well as of a computerised decision support system. The implementation will be performed according to specifications issued in WP5.

2.3.2.1.1 Participants Responsibilities and Work

The sub-task leader is : UNEW

Other participants in the sub-task are : none

2.3.2.1.2 Criterion for Conclusion

Final deliverables ; model implemented as a software ready for integration in WP5.

2.3.2.1.3 Distribution of work

	Partner
	Role
	Effort (MM)

	UNEW
	· Sub-task Leader

· Implementation of the model for hull design
	2


Sub-task Schedule

	Task
	Task
	Technical milestones

	start date
	end date
	Description
	Date

	01.01.03
	30.06.03
	see deliverable D232
	30.06.03


2.3.2.2 Sub-task Links & Constraints

Sub-task to be finished to start integration in WP5.

Need for specifications from WP5 for the implementation of the model.

2.3.2.3 Sub-task Deliverables

	Type of deliverable
	Deliverable number and Title
	Milestone Date
	Review Date

	Report/SW
	D232 Implementation of model for hull design
	30.06.03
	30.09.03


2.3.3 Sub-task 2.3.3 – Implementation of model for operational practice

2.3.3.1 Sub-task Objectives

The objective of this sub-task is to implement the model formulated for operational practice in the previous task (ST223), in order to be suitable for integration into the Project Tool in WP5.

2.3.3.2 Sub-task Methodology & Work Distribution

The implementation will take the form of a “handbook” like tool for design purposes, as well as of a computerised decision support system. The implementation will be performed according to specifications issued in WP5.

2.3.3.2.1 Participants Responsibilities and Work

The sub-task leader is : SIREHNA

Other participants in the sub-task are : none

2.3.3.2.2 Criterion for Conclusion

Final deliverables ; model implemented as a software ready for integration in WP5.

Distribution of work

	Partner
	Role
	Effort (MM)

	SIREHNA
	· Sub-task Leader

· Implementation of the model for operational practice
	4


2.3.3.3 Sub-task Schedule

	Task
	Task
	Technical milestones

	start date
	end date
	Description
	Date

	01.01.03
	30.06.03
	see deliverable D233
	30.06.03


2.3.3.4 Sub-task Links & Constraints

Sub-task to be finished to start integration in WP5.

Need for specifications from WP5 for the implementation of the model.

2.3.3.5 Sub-task Deliverables

	Type of deliverable
	Deliverable number and Title
	Milestone Date
	Review Date

	Report/SW
	D233 Implementation of model for operational practice
	30.06.03
	30.09.03



