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1. introduction 

1.1 Work Package Number

Work Package 1

1.2 Work Package Title

Collision & Grounding

1.3 Work Package Leader

D’Appolonia, Italy

1.4 Work Package Participants

	Task
	Task leader
	Partners

	1.1
	DAPP
	DMI/FORCE

	
	
	

	1.2
	DAPP
	DMI, BV, VBD, SIREHNA, METTLE, NTUA, CETENA

	
	
	

	1.3.1
	DMI/FORCE
	DAPP, BV

	1.3.2
	DAPP
	METTLE, CETENA

	1.3.3
	SIREHNA
	DMI/FORCE, VBD

	1.3.4
	DAPP
	


1.5 Reporting period

2002.07.01 – 2003.06.30

2. WORK PACKAGE OBJECTIVES

Work Package 1 objectives include the development and validation of procedures for assessing the occurrence probabilities of collision, grounding and striking events related to an HSC. These procedures are based on simulations and risk analyses outcome that have to feed appropriate risk-cost formats for application in design.

2.1 Task 1.1 – Confirmation of the Main Causes

The purpose of the work carried out in this task was to confirm what was foreseen at the proposal level in terms of factors (human and technical) affecting the reference hazards (collision, grounding and striking). According to this confirmation, the next objective was to better specify and detail what “attributes” should be considered within the models of collision, grounding and striking for each affecting factor.

2.2 Task 1.2 – Formulation of Models

The work carried out in this Task aimed to develop models for the comparison of costs and risks associated with:

· different Ship Control Centre (SCC) design alternatives for high-speed crafts;

· different design alternatives for the technological systems of high-speed crafts;

· the manoeuvrability of high speed crafts in restricted waters and those of conventional vessels.

To achieve this goal a step wise approach was followed, in which a Fault Tree analysis of Collision, Grounding and Striking was initially carried out with the purpose of identifying the basic events leading to these three hazards. Following this, design parameters, used in the preliminary design phase were identified, that would influence the counteracting effect of the basic events of Collision, Grounding and Striking.

A methodological approach for building a Risk Model was outlined and applied to some examples related to Human Errors, Automation and Technical failures. A complementary approach based on a Response Surface Methodology, exploiting data generated by simulation runs, for analysing manoeuvre problems in different environmental conditions was also sketched.

To conclude, a tool was developed to show how a small number of design parameters changes can predict production and operational costs.

2.3 Task 1.3 – Hazard Area Risk/Cost Model

The purpose of this task is to combine the models, formulated in the previous task, in order to be suitable for integration into the Project Tool. The final product will be a systematic method, which contrasts risks and associated costs related to collision, grounding and striking events of an HSC, that will be integrated into Work Package 5.
3. Progress Against Plan

Task 1.1 was fully completed during the first year of the project.  Task 1.2 started during the first year and concluded during the reporting period, producing deliverables and meetings according to the project’s milestones.  Task 1.3 initiated during the reporting period.  The core of the development activities in this task took place during the reporting period and experienced two months of delay.

The end of the activity on Task 1.3 has been postponed of two months (end of August 2003) due to the delay of sub-Tasks 131, 132 and 133. This will affect the integration phase (Task 134) that will be accomplished with the delivery of D134. This report shall be finished before the ultimate deadline of delivery to the European Commission (end of September 2003).

The final issue of deliverable D134 will complete the activities of Work Package 1.

4. Work Performed and Achievements Made in Last Period

4.1 Task 1.1 – Confirmation of Main Causes

The activities in this task were concluded during the first year of the project by D’Appolonia and DMI/FORCE.  These are detailed in the first year’s annual report of the work package.

4.2 Task 1.2 – Formulation of Models

DMI/FORCE, BV, DAPP, VBD, SIREHNA, METTLE, NTUA and CETENA were the partners responsible to carry out the work in Task 1.2.  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. D120 “Formulation of Models”, first issued on 2002.08.24 (Document ID Code: S101.20.03.053.001a).  The final version of the deliverable (following internal review, where comments were made) was issued to the EC and the Co-ordinator on 2002.12.20 (Document ID Code:  S101.20.03.054.001A).  These dates were in accordance with the planned deadlines.

The work carried out in this task derived from the jointly activity carried out within the three subtasks:

1. Human Error (sub-Task 1.2.1),

2. Automation/Mechanical Failures (sub-Task 1.2.2),

3. Manoeuvring Errors (sub-Task 1.2.3),

Because of the interconnection and complementary nature of these sub-tasks, the contribution to WP1 was documented in one single report instead of the three foreseen in the Technical Annex.

Following the work undertaken in Task 1.1 on the identification of the main causes of collision, grounding and striking, the work in this task primarily focused on the derivation of models suitable for application during the early stages of the design process (conceptual and early preliminary design). To achieve this goal the activity was articulated in the following steps:

1. A Fault Tree analysis of Collision, Grounding and Striking with the purpose of identifying the basic events leading to these three hazards.

2. Identification of those design parameters (available at the preliminary design phase) which will enable the effect of these basic events on Collision, Grounding and Striking to be counteracted.

3. Design of a methodological approach for building a Risk Model that establishes relationships between the design parameters and these basic events and, ultimately, with one of the three hazards.

4. Examples of applications of the approach for Human Errors, Automation and Technical failures were sketched.

5. Development of an approach based on a Response Surface Methodology, exploiting data generated by simulation runs, for analysing manoeuvre problems in different environmental conditions.

6. Development of a tool showing how a small number of design parameters changes can predict production and operational costs.

The basis of the manoeuvring error modelling consisted in the determination of conventional IMO manoeuvring criteria:

1. The advance and tactical diameter for turning circles

2. Distance travelled along the initial direction and transversely to the initial direction for initial turning ability test 

3. Crash stop distance 

An extensive literature review on high speed craft manoeuvrability was performed, with the aim of identifying possibly existing models and/or data that could be used to predict the above three manoeuvring criteria, and to identify their most significant parameters. Based on available data, by means of a Response Surface Methodology (RSM) the model of collision, striking or grounding avoidance manoeuvres was developed. Since little data concerning HSC manoeuvrability is available today, it has been decided to generate a database, using the code DENmark of FORCE/DMI.  FORCE/DMI developed a numerical manoeuvrability model based on the SuperSeaCat vessel able to simulate the IMO criteria manoeuvres for vessels of similar geometrical characteristics. A database of 31 different vessels IMO manoeuvring criteria was generated.  From this database, using the optimisation tool modeFRONTIER, Response Surfaces were derived for the various IMO manoeuvring criteria. This RSM model allows determining IMO manoeuvring criteria from 6 design and operational parameters of the monohull high speed craft (length, breadth, draft, displacement, speed and depth of water).

Collision, striking or grounding avoidance trajectories were derived from the knowledge of IMO manoeuvring criteria. Consequently, associated risks could be determined and consequently related costs.

A simple power prediction algorithm was developed for determining the power needed on the vessel to attain a given service speed on calm water. Using as input data speed, length, draught, displacement and water depth construction costs can be derived, and by entering operational parameters operational costs such as fuel consumption can be obtained.

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 1.3 – Hazard Area Risk/Cost Model

DMI/FORCE, D’Appolonia, and SIREHNA (Task Leaders) were responsible of the implementation of models developed in Task 1.2, supported by CETENA, METTLE, VBD, and BV.  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 24 of the project (2003.06.30), with a review date set by the end of month 27 (2003.09.30).  The activities of Task 1.3 were independently carried out within the three subtasks:

· Human Error (sub-Task 1.3.1),

· Automation/Mechanical Failures (sub-Task 1.3.2),

· Manoeuvring Errors (sub-Task 1.3.3),

Task Leaders have co-ordinated for sub-Task 1.3.4 that is integrating the contributions from the three sub-Tasks for the implementation of a controllability model for HSC.  Details of the development activities of each partner participating in this task are given in the following.

4.3.1 sub-Task 131

In this sub-Task a model for assessing the probabilities of occurrence of basic events human-factors related has been formulated and implemented. The model is based on a list of human factors parameters that can be adjusted individually and independently of each other. These parameters will be set in the final tool by the end user. 

According to the model, the setting of human factors parameters affects the probability of occurrence of human factors related basic events identified in the fault tree analyses. A human factors quotient (HFQ) is calculated as a single value expression of the setting of parameters.

A set of coefficients is needed for the calculation of this human factors quotient; these coefficients were obtained by experts elicitation and they are an expression of the importance of each parameter with respect to the probability of human error in general.

The model for calculation of probabilities of human factors related basic events can be summarised in the following way:

Preparation of model:

1. Coefficients for each parameter should be calculated by expert judgement (pair wise comparison).

2. Probabilities for each combination of basic event and human factors quotient level should be calculated by expert estimation.

Application of model:

1. Parameters should be adjusted by the end user.

2. Human factors quotient (HFQ) should be calculated on basis of the setting of parameters and the HFQ level should be identified on the basis of this calculation.

3. Probabilities (intervals) from the column in the basic event / HFQ level matrix corresponding to the in step 2 calculated HFQ level should be used in the fault trees.

	HFQ level
	Less than once every year
	At least once every year 

but less than once every month
	At least once every month 

but less than once every week
	At least once every week 

but less than once every day
	At least once every day 

but less than once every voyage
	At least once every voyage

	Very low
	        (                   (                    (                   (                     (                    (

	Low
	        (                   (                    (                   (                     (                    (

	Medium
	        (                   (                    (                   (                     (                    (

	High
	        (                   (                    (                   (                     (                    (

	Very high
	        (                   (                    (                   (                     (                    (


Table 1: Example of expert elicitation for evaluating the probability the basic event “helmsman error”.

	Basic event
	HFQ level = very low
	HFQ level = low
	HFQ level = medium
	HFQ level = high
	HFQ level = very high

	Assume other ship will change cours. 
	2.74*10-4

<= p < 3.33*10-3
	0.10*100

<= p < 1.00*100
	2.74*10-4

<= p < 3.33*10-3
	2.74*10-4

<= p < 3.33*10-3
	2.74*10-4

<= p < 3.33*10-3

	Bad eval. of obj drift speed, course 
	0.10*100

<= p < 1.00*100
	0.10*100

<= p < 1.00*100
	0.10*100

<= p < 1.00*100
	2.74*10-4

<= p < 3.33*10-3
	2.74*10-4

<= p < 3.33*10-3

	Bad eval. of other ship speed, course 
	0.10*100

<= p < 1.00*100
	0.10*100

<= p < 1.00*100
	0.10*100

<= p < 1.00*100
	2.74*10-4

<= p < 3.33*10-3
	∞-1
<= p < 2.74*10-4

	Confused by other ship’s movement
	2.74*10-4

<= p < 3.33*10-3
	2.74*10-4

<= p < 3.33*10-3
	0.10*100

<= p < 1.00*100
	2.74*10-4

<= p < 3.33*10-3
	∞-1
<= p < 2.74*10-4

	Failure in using extern. com. device
	1.00*100

<= p <=

∞
	2.74*10-4

<= p < 3.33*10-3
	2.74*10-4

<= p < 3.33*10-3
	2.74*10-4

<= p < 3.33*10-3
	2.74*10-4

<= p < 3.33*10-3

	Failure in using intern. com. device
	2.74*10-4

<= p < 3.33*10-3
	2.74*10-4

<= p < 3.33*10-3
	1.00*100

<= p <=

∞
	2.74*10-4

<= p < 3.33*10-3
	∞-1
<= p < 2.74*10-4

	Failure to cross-check equipment   
	1.00*100

<= p <=

∞
	2.74*10-4

<= p < 3.33*10-3
	2.74*10-4

<= p < 3.33*10-3
	2.74*10-4

<= p < 3.33*10-3
	2.74*10-4

<= p < 3.33*10-3

	Failure to keep stbd side of channel        
	1.00*100

<= p <=

∞
	1.00*100

<= p <=

∞
	1.00*100

<= p <=

∞
	1.00*100

<= p <=

∞
	∞-1
<= p < 2.74*10-4

	Failure to make use of navig. equip.
	1.00*100

<= p <=

∞
	1.00*100

<= p <=

∞
	1.00*100

<= p <=

∞
	1.00*100

<= p <=

∞
	∞-1
<= p < 2.74*10-4


Table 2: Example of quantification of basic events by one expert.

The deliverable is in the finishing state and following the internal review it will be issued to the EC and the Co-ordinator on 2003.09.30 (Document ID Code: S101.31.01.051.001A).  This dates is in accordance with the planned deadlines.

4.3.2 sub-Task 132

In this sub-Task, the implementation of a risk-cost model related to Automation and Mechanical Failures was developed. This model allows a safety-design analyst to evaluate different technical solutions for tackling collision, grounding and striking events during the preliminary design phase of a HSC. The work was structured in two main parts. While the former provides a description of the results achieved in sub-Task 1.3.2, the latter is more oriented as a user’s guide that suggests how to exploit such results.

The first part starts with an overview of the fault tree (FT) analyses that allowed the identification of those basic events (BEs) leading, for the technical side, to a potential collision, grounding and striking. Secondly, each system involved in a specific BE was analyzed with respect to the characteristics it should have (as required by the IMO HSC Code -- 2000 edition); this allowed to identify the main parameters characterising that system. Thirdly, these parameters were grouped and put in relationships with the related BE through matrices, expressing how much the different possible combinations of these parameters can affect the occurrence probability of that BE. Finally, similar relationships have been established for design parameters and related cost.

As long as the exploitation of these results is concerned, the second part of this document provides a general overview of the steps that a safety analyst has to follow for acting on the leverages (i.e., design parameters) that can limit the risk of collision, grounding and striking. Because D132 only focuses on a specific problem (i.e., potential automation and mechanical failures leading to these hazards) it has to be integrated with D131 and D133 in order to provide the common approach mentioned before.

The work carried out by all partners responsible is reported in Deliverable No. D132 “Implementations of Models for M&A Failures”, first issued on 2003.06.30 (Document ID Code: S101.32.03.051.001a).  The final version of the deliverable (following internal review, where comments were made) will be issued to the EC and the Co-ordinator on 2003.09.30 (Document ID Code: S101.32.03.051.001A).  These dates are in accordance with the planned deadlines.

4.3.3 sub-Task 133

This sub-Task 1.3.3 was dedicated to the implementation of manoeuvring error model. 

The analysis of simulations outcome done by DMI/FORCE allowed confirming the influence of chosen parameters on manoeuvring criteria. An analysis of the various Response Surface algorithms was performed in order to obtain the most reliable response surfaces. Finally, Gaussian Process algorithm was chosen.

The next phase consisted in the development of the relationship between the IMO criteria modelling with the collision, striking or grounding risk modelling. In order to model the risk associated with the basic events, scenarios were defined in accordance with the location of the basic events in the fault trees. The introduction of external parameters such as traffic density or distance for the launching of the avoidance manoeuvre was necessary.

[image: image1.png]



Figure 1: Example of basic event scenario: Collision in restricted water.

The risk analysis tool containing the model was developed under the format of Excel sheets integrating the RSM model.
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Figure 2: Calculation of IMO criteria

An extensive work of analysis of interference with other subtasks was performed to prepare the integration of the tool in the models of collision, striking and grounding risks.  Some work on the integration of the tool developed for manoeuvring error with human errors or automation failure risk models is expected.  The cost modelling was analysed and it was concluded that all the costs associated with manoeuvring performances can be calculate from other work packages models or the Power Prediction Tool, and therefore no other cost modelling was undertaken.

[image: image3.jpg]Calculation of Probabilities

Step2  Choiceofdd

G (mean value) (o) e ] Humer

)

Step3:  Probabilities Calculation

Colision in Open Sea Turing svosince e [P 0632 ]
Colision i restrictod water Turing avoince e [ P2 00800 ]
Striking with afoating object Turing svosince e [ P3] w000 ]
Striking with s fxed obiect in open sea Turing svosince e [P 000 ]
Striking with afxed objoctn restricted water  Turing avoidance fahre | PE-] 05a70 ]
Powered Grounding Turing avosince e [ Po] 000 ]

[Pl woww ]

Crash stop fare.




Figure 3: Calculation of collision, grounding and striking risks.

The work carried out by all partners responsible is reported in Deliverable No. D133 “Implementation of Models for Manoeuvring Error”, first issued on 2003.06.30 (Document ID Code: S101.33.11.051.001a).  The final version of the deliverable (following internal review, where comments were made) will be issued to the EC and the Co-ordinator on 2003.09.30 (Document ID Code: S101.33.11.051.001A).  These dates are in accordance with the planned deadlines.

4.3.4 sub-Task 134

The activity carried out in this sub-Task integrates the outcome of the three previous ones providing a common approach for assessing costs and risks related to specific configurations of design parameters that minimise the risk of these events at a convenient cost. An integrated model for controllability is under development and it will be finalised by the end of August 2003 and described in D134. “Implementation of Integrated Model for Controllability”. This report was first issued in a draft version on 2003.05.16 (Document ID Code: S101.34.03.054.001a). The final version of the deliverable will be issued to the EC and the Co-ordinator on 2003.09.30 (Document ID Code: S101.34.03.054.001A).

5. Participation from Partners

The activities of Work Package 1 partners (for Tasks 1.2 and 1.3 only) are summarised in Table 4. Furthermore, a very strong contribution of partners through their participation at every project meeting has to be mentioned.

	Partner
	Task 1.2
	Task 1.3

	
	Task 1.2.1 (DMI/FORCE)
	Task 1.3.1 (DMI/FORCE)

	
	Task 1.2.2 (DAPP)
	Task 1.3.2 (DAPP)

	
	Task 1.2.3 (SIREHNA)
	Task 1.3.3 (SIREHNA)

	
	
	Task 1.3.4 (DAPP)

	
	Activities carried out in single Tasks and Sub-Tasks

	
	Development of Fault Trees
	Identification of Design Parameters
	Modelling
	Co-ordination with WP5
	Deliverable D120
	Revision of Fault Trees
	Cost Model
	Implementation of Models
	Deliverables D131 132 133

	DAPP
	(
	(
	(
	(
	(
	(
	(
	(
	(

	DMI/FORCE
	(
	(
	(
	
	(
	
	(
	(
	(

	BV
	(
	
	
	
	(
	
	
	
	

	NTUA
	
	
	(
	
	(
	
	
	
	

	VBD
	(
	
	
	
	(
	
	(
	(
	(

	SIREHNA
	(
	(
	(
	
	(
	(
	(
	(
	(

	METTLE
	(
	(
	
	
	(
	
	(
	(
	(

	CETENA
	(
	(
	(
	
	(
	(
	(
	(
	(


Table 3: Participation from partners across WP1 main activity

6. Manpower Consumption vs. Budget

Table 4 reports the WP1-members’ effort across the three tasks. While Task 1.1 was completed in Year 1, Tasks 1.2 was carried out in Years 1 and 2 and completed in Year 2; Tasks 1.3 also started in Year 2 but it will be finished in Year 3.

	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 %

	1.1
	DMI/FORCE

DAPP

BV

NTUA

VBD

SIREHNA

METTLE

CETENA
	3.5

2.0

0.0

0.0

0.0

0.0

0.0

0.0
	0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0
	3.5

2.0

0.2

0.0

0.0

0.0

0.0

0.0
	100

100

4

0

0

0

0

0
	100

100

4

0

0

0

0

0

	1.2
	DMI/FORCE

DAPP

BV

NTUA

VBD

SIREHNA

METTLE

CETENA
	4.0

8.0

2.0

2.0

2.9

5.0

3.2

5.0
	2.4

4.8

1.7

1.4

0.3

3.0

0.7

3.3
	4.0

8.0

1.7

2.0

2.9

5.0

3.2

5.0
	100

100

85

100

100

100

100

100
	100

100

100

100

100

100

100

100

	1.3
	DMI/FORCE

DAPP

BV

NTUA

VBD

SIREHNA

METTLE

CETENA
	4.7

15.0

1.0

0.0

2.0

5.0

4.2

5.0
	3.9

9.9

0.0

0.0

1.8

3.9

3.6

5.2
	3.9

9.9

0.0

0.0

1.8

3.9

3.6

5.2
	83

66

0

0

90

78

86

104
	83

66

100

0

90

78

86

100


Table 4: Manpower consumption vs. budget.

VBD effort in Task 1.3 has been reduced of 1.0 m/m that was given to DMI/FORCE for the accomplishment of HSC manoeuvring simulations. CETENA effort in Tasks 1.2 and 1.3 increased to from 6.0 to 10.0 m/m, as agreed at the mid-term meeting.

7. Corrective Actions

No corrective actions are required.

8. Conclusion for WP1

The work performed and results achieved within Task 1.2 have been produced according to plan, in terms of milestones and deliverables.  However, work on integration of the risk/cost model in Task 1.3 is still active and work within the reporting period was concentrated in detailing the elements of the risk/cost model.

All participants showed a strong commitment in the project with good communication and co-operation (especially amongst the Task Leaders).  No major deviation of the budgets allocated to partners in Work Package 1 is expected.
























