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1. introduction 

1.1 Work Package Number

Work Package 4

1.2 Work Package Title

Containment of Damage and Fire

1.3 Work Package Leader

The Ship Stability Research Centre, University of Strathclyde, United Kingdom

1.4 Work Package Participants
	Task
	Task leader
	Partner
	Partner
	Partner
	Subcontractors

	4.1
	SSRC
	DAP
	FORCE
	
	

	
	
	
	
	
	

	4.2
	SSRC
	DAP
	FORCE
	UNEW
	

	
	
	
	
	
	

	4.3
	SSRC
	DAP
	FINC
	SEA
	


1.5 Reporting period

2002.07.01 – 2003.06.30

2. WORK PACKAGE OBJECTIVES

Work Package 4 objectives include the development and validation of procedures for assessing HSC damage and fire resistance, which are to be based on advanced simulation tools and appropriate risk analysis techniques, and to feed this information in appropriate risk-cost formats for application in design.  

The final product will be a systematic method, which contrasts risks and associated costs pertaining to HSC damage and fire resistance, suitable for integration into Work Package 5.

2.1 Task 4.1 – Confirmation of the Main Means for Containment

In this first task, a critical review of the main means for containment of damage and fire, and their design implications, is undertaken.  The critical review focuses in the following three identified categories of available means: the human factor, passive design systems and active design systems.

2.2 Task 4.2 – Formulation of Models

Task 4.2 objectives include the development and validation of models for assessing HSC damage and fire resistance, based on advanced simulation tools and risk analysis techniques, relevant to the human factor, passive design systems and active design systems.  The task is divided into three sub-tasks (models for containment of damage and fire relevant to the human factor, passive and active design systems, respectively).  

For damage resistance prediction, this will include the building/extending of available time domain simulation tools, capable of predicting the motions of a damaged ship, with particular emphasis to transient and progressive flooding aspects. 

For fire resistance prediction, a process to adapt for HSC the fire risk analysis methodology and tools under development for conventional ships will be carried out, assisted by the collection of relevant statistical data.

2.3 Task 4.3 – Risk/Cost Model for the Containment of Damage and Fire

The principal aim of Task 4.3 is to synthesise a systematic method, which contrasts risks and associated costs pertaining to the containment of damage and fire incidents onboard monohull high speed craft.  For project coherence, the method should be suitable for integration into the overall design tool under development in Work Package 5 (Integration).

3. progress against plan

Task 4.1 was fully completed during the first year of the project.  Task 4.2 started during the first year and concluded during the reporting period, producing the deliverables and meeting the project’s milestones according to plan.  Task 4.3 initiated during the reporting period.  The core of the development activities in this task took place during the reporting period.  The final issue of deliverable D430 will complete the activities of Work Package 4.

4. work performed and achievements made in last period

4.1 Task 4.1 – Confirmation of the Main Means for Containment

The activities in this task were concluded during the first year of the project.  These are detailed in the first year’s annual report of the work package.

4.2 Task 4.2 – Formulation of Models

SSRC, D’ Appolonia, FORCE and University of Newcastle were the partners responsible to carry out the work in Task 4.2.  According to the Technical Annex (Annex I) to the Contract, the work in this task was scheduled to be completed by the end of month 15 of the project (2002.09.30), with a review date set by the end of month 18 (2002.12.31).  

The work carried out by all partners responsible is reported in Deliverable No. D420 “Formulation of Models”, first issued on 2002.09.30 (Document ID Code: S104.20.09.054.001).  The final version of the deliverable (following internal review, where no comments were made), was issued to the EC and the Co-ordinator on 2002.12.23 (Document ID Code: S S104.20.09.054.001A).  These dates are in accordance with the planned deadlines.
Following the work undertaken in Task 4.1 on the identification of the main means for containment of damage and fire, work in this task has primarily focused on the derivation of models suitable for application during the early stages of the design process (conceptual and early preliminary design).

Models relevant to the effect of the human factor, passive design systems and active design systems have been developed.  The approach adopted involves the identification of the design parameters relevant to each of the above mentioned systems, the development of the models based on first-principles tools and applicable regulations, as well as representation of the processes involved into suitable risk analysis constructs.  In this respect, event trees have been developed since the work was focusing on the identification of the outcomes (consequences) of any relevant potential incident.
Further details on the activities of this task can be found in the first year’s annual report of the work package.

4.3 Task 4.3 – Risk/Cost Model for the Containment of Damage and Fire

SSRC and D’ Appolonia were the partners responsible to carry out the work in Task 4.3, whilst Fincantieri and SeaContainers are responsible for provision of input for the development of the risk/cost and undertake reviews of the work produced.  According to the Technical Annex (Annex I) to the Contract, the work in this task is scheduled to be completed by the end of month 24 of the project (2003.06.30), with a review date set by the end of month 27 (2003.09.30).  Deliverable D430 “Risk/Cost Containment Model” will report on the work being carried out in this task.
Details of the development activities of each partner participating in this task are given in the following.

Ship Stability Research Centre

The objective of the work was to provide methods/tools and data pertinent to a risk/cost model for containment of damage of high speed craft, for integration in the project wide tool.  As primary initiating events (hazards) for incidents with potential to lead to large scale flooding the following have been considered: collision; grounding; impact; structural failure of bow or stern door; mechanical failure of watertight barriers; and operational safety management systems failure / human error.  Specifics of the work carried out include the following:

1) A full survivability assessment of the project’s basis ship and variants has been carried out, with the view to provide risk data for the assessment of collision, grounding and impact incidents.  It should be noted that the basis ship has very high stability characteristics, which combined with the lack of data on distributions of extent of damages for high speed craft, renders the derivation of probabilities of capsize difficult, which in any case would be very low.

2) In the case of failure of bow or stern doors a fault tree has been proposed.  This fault tree is populated with data deriving from experience of operation of passenger Ro-Ro vessels, due to lack of data from operation of high-speed craft and the proximity in the patterns of operation.

3) Failure of watertight barriers and human errors have been treated as factors contributing to the severity of the potential incidents above, using data from operation of passenger Ro-Ro vessels and human reliability analysis, respectively.

4) For the assessment and evaluation of the severity of the consequences the severity scale contained in the IMO’s Formal Safety Assessment guidelines is proposed. 

5) Finally, with reference to the cost element of the model, for the quantification of the effectiveness of risk control options relevant to containment of flooding following damage, trade-offs between design characteristics (for example, the available carrying capacity and the weight of the structure) have to be performed in order to calculate the marginal costs of the corresponding risk control options.  Techno-economic cost models for this reason have been proposed.
The work is expected to be finished by the middle of August 2003.  This represents a deviation from the project’s plan, however it does not significantly affect any of the project’s goals and planning.
D’ Appolonia

The work D’ Appolonia is carrying out within Task 4.3 consists of the implementation of a risk-cost model pertaining to HSC fire resistance. The risk model is developed through the following main steps:

1) Preparation of a simplified Event Tree taking into account active, passive and human factors elements; 

2) Quantification of probability of the Event Tree gates through Fault Trees. Data needed to perform this step have been retrieved from literature;

3) Identification of scenarios (sub-sets of the simplified Event Tree) used for quantification of consequences.

4) Quantification of the consequences by means of CFD analysis. The fire modeling has been applied to HSC public spaces in order to evaluate the variation of consequences as a function of the parameters identified in Task 4.2 (refer to D420). The consequences have been quantified on the basis of the conditions (Heat release rate Curve method) inside the compartment where the fire occurs;

5) Risk evaluation. 

The cost model is developed evaluating the costs variations of systems related to fire (in terms of through life costs and maintenance costs) with respect to the different configuration of the design parameters. The cost of each parameter has been evaluated in terms of material, labour and overhead costs in order to produce a model suitable for integration into WP5.

The work performed by D’Appolonia within Task 4.3 has been included in D430 issued for internal review on June 2003. The final version of the report will be issued before the project meeting of September 2003.
5. participation from partners

The activities of Work Package 4 partners are summarised below.

	Partner
	Activities

	SSRC
	· Technical Co-ordination of Work Package 4 activities 

· Co-ordination and participation to the confirmation of the main means for containment (preparation of Deliverable D410)

· Preparation of lists of parameters and event trees relevant to the formulation of models for containment of damage

· Preparation of first-principles models for containment of damage

· Development of the risk/cost model for containment of damage

	DAP
	· Participation to the confirmation of the main means for containment (preparation of Deliverable D410)

· Preparation of lists of parameters and event trees relevant to the formulation of models for containment of fire

· Preparation of questionnaire relevant to the formulation of models for containment of fire

· Development of the risk/cost model for containment of fire

	FORCE
	· Participation to the confirmation of the main means for containment (preparation of Deliverable D410)

· Preparation of lists of parameters and event trees relevant to the human factor

	UNEW
	· Preparation of lists of parameters and event trees relevant to active systems

	FIN
	· Provision of input for the development of the risk/cost and undertake reviews of the work produced

	SEA
	· Provision of input for the development of the risk/cost and undertake reviews of the work produced


6. manpower consumption vs. budget

	Task
	Partners
	Budget (m-m)
	Accumulated in Period (m-m)
	Accumulated Total (m-m)
	Complete acc. to m-m in %
	Complete according to task description in %

	4.1
	FORCE

DAP

SSRC
	2

2

3
	0

0

N/A
	2

2

N/A
	100

100

N/A
	100

100

100

	4.2
	FORCE

DAP

SSRC

UNEW
	5

10

18

6
	1.5

5

N/A

N/A
	5

10

N/A

N/A
	100

100

N/A

N/A
	100

100

100

100

	4.3
	DAP

FIN

SSRC

SEA
	10

2.5

4.5

3.5
	8

1.5

N/A

1
	8

1.5

N/A

1
	80

60

N/A

29
	80

60

80

29


7. corrective actions

No corrective actions required.

8. conclusion for wp4

The work performed and results achieved within Tasks 4.1 and 4.2 have been produced according to plan, in terms of milestones and deliverables.  Indeed, work on integration of the risk/cost model for containment has already carried out as part of the activities in Task 4.2.  Task 4.3 is active and work within the reporting period was concentrated in detailing the elements of the risk/cost model.

All participants showed a strong involvement in the project with good communication and cooperation.  No major deviation of the budgets allocated to partners in Work Package 4 is expected.
























