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Executive summary suitable for publication
This document reports on the progress achieved in Work Package 1 “Collision & Grounding” during the first year (2001.07.01 to 2002.06.30) of the project. Following a brief overview of the objectives of the work 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 these are 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.
1. Executive Summary

The principal objective of Work Package 1 is to develop suitable risk/cost models for high-speed craft to be implemented in a risk-based design methodology, with reference to the key factors pertinent to collision and grounding.

The specific issues to be addressed include the confirmation of the main causes for collision and grounding, followed by the development and implementation of risk/cost models for the human error, mechanical and automation failure, and manoeuvring errors.

Work Package 1 comprises three work tasks: Task 1.1 (Confirmation of main causes), Task 1.2 (Formulation of models), which is further subdivided in three sub-tasks (models for human error, mechanical and automation failure, and manoeuvring errors, respectively), and Task 4.3 (Risk-cost model for collision and grounding).

During the reporting period, Tasks 1.1 and 1.2 were planned to be active

1.1 Project Title

S@S – Safety at Speed

1.2 Contract Number

G3RD-CT-2001-00331

1.3 Participants
Work Package 1 leader: DAP.
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1.4 Reporting period

2001.07.01 – 2002.06.30

1.5 Work Package-wide Objectives

The principal objective of WP 1 is to develop a suitable risk/cost model of key factors affecting collision and grounding, which will be implemented in a risk based design methodology for high-speed crafts.

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

· Human factors;

· Mechanical and Automation system;

· Manoeuvring capability.

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

1.5.1 Task 1.1 – Confirmation of the main causes

The purpose of the work carried out in this Task was threefold:

· Confirming what was foreseen at the proposal level in terms of factors (human and technical) affecting the reference hazards (collision and grounding);

· Better specifying and detailing what “attributes” should be considered within the models to be developed in Task 1.2, for each affecting factor;

· Performing a Failure Mode, Effect and Criticality Analysis (FMECA) for a High Speed Craft in order to back up the work done for the confirmation of main causes.

The work took the form of a ‘system level safety review’, that was performed using as a reference the selected representative type of vessel illustrated by the shipyard.

In order to achieve the first two objectives, a preliminary list of technical and human factors was developed against which information retrieved from a list of accidents, incidents and near misses was compared thereafter. The accident list was elaborated thanks to information made available by one partner and through an extensive search over the Internet.

This list of factors was compiled by taking as a reference the ADREP system adopted in the aviation domain where, as far as human factors are concerned, the conceptual model SHELL is used to investigate factors affecting human performances.

The third objective was achieved through a ‘plenary brainstorming exercise’, which was carried out jointly by all the project’s members during a workshop and produced also a common view/understanding across the first four work packages.

1.5.2 Task 1.2 – Formulation of Models

The purpose of this Task was threefold:

· Developing of a set of fault trees characterising the types of hazards (i.e., collision and grounding) with the objective of identifying the relative basic events. 

· Identifying those design parameters through which a designer can, ideally, control the basic events.

· Establishing relationships between design parameters and basic events.

The ultimate goal of this Task is to develop models for the three types of relevant affecting factors for Collision and Grounding, i.e., Human errors, Mechanical and Automation system failure, and manoeuvring errors.

1.6 Work and Achievements in the Period

The period wholly covers the activity carried out within Task 1.1 and partially that of Task 1.2..

As far as Task 1.1 is concerned, the work is reported in Deliverable D110, while the outcome of Task 1.2 is reported in working documents that are currently under revision and will be integrated into deliverables D121, D122 & D123.

Achievements of Task 1.1 and Task 1.2 are further described hereafter.

1.6.1 Task 4.1 – Confirmation of main causes

The confirmation of main causes for collision and grounding and the specification of attributes were carried out over a number of phases, namely:

· Collection of information on past events (not only accidents and incidents, but also near misses);

· Design and development of a preliminary classification frame both for confirming causes and detailing attributes in the modelling phase;

· Comparison of the classification categories against these events and confirmation of main causes;

· Accomplishment of a Failure Mode, Effect and Criticality Analysis (FMECA) to back up the work done in the previous phase;

Results issued from the two confirmation exercises were compared and merged; final comments and suggestions for future work were given.

1.6.2 Task 1.2 – Formulation of Models

The fault trees for the reference hazards were issued by merging four different sources of material, namely:

· Fault trees derived from FMECA results.

· Fault trees developed by BV in another project addressing the risk of collision for ro-ro ferries.

· Fault trees developed by DAP in other projects (ATOMOS II & IV) addressing the risk of collision for a generic vessel.

· Fault trees developed in the brainstorming session at the Genoa meeting.

Contemporary, a list of design parameters relevant for Collision and Grounding was issued after several iterations, the objective being twofold:

· Thinking of the links/relationships between these parameters and the basic events and, consequently,

· Analysing the impact that parameter changes may have over the probability nodes of the fault trees, the cost and the final consequences.

A first application was developed demonstrating the feasibility of the approach (Power Prediction Algorithm).

1.7 Discussion of Results in the Period

1.7.1 Task 1.1 - Confirmation of main causes

Causal factors derived from the FMECA were similar but very difficult to be compared with those investigated in the analysis on past events. The main problem in the integration of these results is not only due to the lack of a common terminology between the two approaches, but principally the lack of a ‘model of reference’, such as the SHELL, in the FMECA.
1.7.2 Task 1.2 – Formulation of Models

The fault trees have a very complex structure; the level of ‘granularity’ attained by the basic events is very high. Whilst this will facilitate the identification and formulation of relationships between design parameters and basic events, it could be more difficult to integrate these fault trees with those developed in other WPs, which are less detailed.

1.8 Conclusions for the Period

1.8.1 Task 1.1 - Confirmation of main causes

What was suggested for the modelling phase is summarised as follows:

· Every WP (1 to 4) should use the list and compare the causes listed in the FMECA exercise against the factors proposed in Appendix 2 of D110.

· Since this list of human and technical factors was not frozen yet and needed some more improvements, the feedback from WPs (1 to 4) was highly advocated.

· Every (1 to 4) WP should use the categories of this list as building blocks for fault trees.

· A further parallel work on the analysis of safety critical incidents and near misses could be carried out in order to refine the model during the following phase of the project.

· Expert knowledge from HSC operators should be used as empirical material. This data could be obtained through interviews and questionnaires. HSC operator practice should also be considered as relevant empirical material. This data could be collected through observation, field studies and studies of procedures, operational material etc

1.8.2 Task 1.2 – Formulation of Models

Though this Task is not completed yet, the intermediate results can be summarised as follows:

· The different contributions used to build the fault trees have led to very complex and detailed structures.

· Design parameters have been finally issued and formatted according to a common standard.

· A prototype tool similar to what is expected as the final outcome of the project has been developed, showing how the power required by planing monohull (HSC) can be predicted on the base of a very compressed formula, which uses speed, length, draught, displacement and water depth as input.

Introduction

In the following chapters the objectives for the reporting period are exposed and will be compared in Chapter 4 (and related sub-chapters) to what has been produced.

1.9 Objectives for the Reporting Period

This section provides a task-wise description of the objectives for the period, as stated in the Technical Annex.
1.9.1 Task 1.1 – Confirmation of main causes

This first task consisted of a brief review of hazards related to ship controllability, and of the relevant affecting factors, initially assessed to be:

· The human factor; i.e. the ability of humans involved in HSC operations to perform safely;

· The automation and control systems functionality; as more functions are now allocated to machines rather than humans, the safety performance expected by such equipment has now to be understood and quantified;

· The mechanical systems efficiency; these systems, though of a more conventional nature, still have a non negligible impact on costs, weight and risks;

· The manoeuvring capability of the ship under critical conditions (restricted waters).

1.9.2 Task 1.2 – Formulation of Models

This task is developing detailed models for the identified factors. 

Human Error (Sub-task 1.2.1)

Mechanical & Automation Error (Sub-task 1.2.2)

Manoeuvring Errors (Sub-task 1.2.3)

1.10 Expected Achievements for the Reporting Period

This section provides a list of the expected achievements for the period, including the significant documents etc. expected to be produced and/or finished during the period.

1.10.1 Task 1.1 – Confirmation of main causes

· Deliverable D110. Confirmation of what was foreseen at the proposal level in terms of factors (human and technical) affecting the reference hazards (collision and grounding). Specification of what “attributes” has to be considered within the models of collision and grounding for each affecting factor.

1.10.2 Task 1.2 – Formulation of Models

· No specific document was supposed to be produced for this Task. However, a set of working documents has been issued dealing with: Fault Trees and Design parameters

1.11 Work plan for the Reporting Period

This section provides an outline of the planned work plan for the period, including a listing of expected consumption of man-hours.

1.11.1 Task 1.1 – Confirmation of main causes

Task 1.1 has postponed of two months the delivery of D110, with respect to the work planned in the Technical Annex, as agreed with the Project Officer in occasion of the two kick-off meetings (administrative and technical) respectively held in September 2001 (in Lyngby) and in October 2001 (in Crete).

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


Allocated (person/month)
Used (%)

DAP
2
100%

DMI
1
100%

1.11.2 Task 1.2 – Formulation of Models

Task 1.2 activity has being carried out according to the schedule; deliverable D120 is expected to be completed and sent out for internal review on 2002-09-30 (Month 15) as foreseen by the work plan.

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


Allocated (person/month)
Used (%)

DMI
5,2
60%

BV
2
62%

DAP
8
40%

VBD
2,9
60%

SIREHNA
5
40%

METTLE
3,2
80 %

NTUA
2


CETENA
3
60%

1.12 Milestones in the Reporting Period

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

Task
Deliverable
Due date
Done


ID
Title



1.1
S101.10.03.053.001
Confirmation of Main Causes
2001-11-30(1)
2002-02-25(2)



(1) First Issue (delivered for internal review to FIN and ABS)

(2) Final Issue to the Co-ordinator and the EC (implementing comments made by ABS, no comments made by FIN)

Materials and Methods

· Task 1.1. This task started by collecting information on past events (not only accidents and incidents, but also near misses) involving HSC. In parallel, a draft classification frame was sketched with the objective of using it to better classify the types of factors leading to collision and grounding. Afterwards, through the acomplishment of a Failure Mode, Effect and Criticality Analysis (FMECA) the work done in the previous phase was backed up.

· Task 1.2. This task has mainly made use of Fault Tree technique in order to identify the basic events that will be put in relationships with design parameters. As main sources, fault trees for collision and grounding developed in other projects have been used.

Results

1.13 Results, Objective-wise

This sections list the results for the period, as compared to the plan.

1.13.1 Task 1.1 – Confirmation of main causes

The confirmation of main causes related to collision and grounding were essentially carried out through two distinct approaches that provided similar results but not easy to integrate. The main problem in the integration of these results is not only due to the lack of a common terminology between the two approaches, but principally the lack of a ‘model of reference’, such as the SHELL, in the FMECA.

The first approach was based on the development of ‘a priori’ list of human and technical factors that were compared against a set of accidents and near misses. The objective was to see which factors (technical and human related) were found in the reports of these occurrences.

The second approach was based on the FMECA and through a brainstorming session a list of likely and prioritised causes was compiled; these are associated to a list of failure modes.

By comparing the prioritised failure modes with the Schedule of Work for WP1 the following could be noted:

· High risk hazards included in the Work package are:

1. Manoeuvring equipment failure

2. Environmental degradation of Crew

3. Failure to follow procedures

4. Movement of cargo-including people

5. Lack of directional control

6. Improper use of equipment

7. Failure to Contact Shore-Based Assistance

8. Navigational equipment failure

9. Navigational error in open and congested waters

10. Navigational error in traffic

· There are no high risk hazards not included in the Schedule of Work that could be considered by the Work Package

· There are no areas of work in the Work Package that are not identified as high risk.

1.13.2 Task 1.2 – Formulation of Models

Apart from the development of Fault Trees for collision and grounding and the identification of design parameters (presented in other sections of this document), a very interesting and promising outcome of WP1 is the Power Prediction Algorithm, which is briefly described hereafter.

This prototype application can already be seen as an anticipation of what will be the final implementation of the design tool, that will take the form both of a “handbook” describing the proposed methodology for design purposes, as well as of a computerised decision support system.

1.13.2.1 Power Prediction Algorithm

Power curves available from VBD archive were analysed in order to produce a simple power prediction algorithm for planing monohull (HSC). The result is a very compressed formula, using the input: Speed, length, draught, displacement and water depth only.

The accuracy is moderate, but variations of the input parameters are represented by changes in the power curves as to be expected by physical / hydrodynamical reasons. The accuracy can be improved by using a given propulsion point (known value of power at a certain speed and water depth) by scaling the algorithm. This formula can be used in the tool to make a link between the main dimensions, the target speed and the power to be installed, leading to fuel consumption.
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The latest release also includes also the estimation of the weight & cost part for the machinery and the fuel.

1.14 Results, Achievement-wise

The activity carried out within Task 1.1 and Task 1.2 for the relative period is in line with what was originally planned in the Technical Annex.

The only exception is the development of the Power Prediction Algorithm that, as already stated in the previous section, has already anticipated what will be the final outcome of this project.

1.15 Results, Work plan-wise

This section provides a summary of actually consumed number of man-hours, degree of completion in percent of originally allocated man-hours (according to the S@S Work Programme), and comparison of expected progress vs. actual progress.
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1.16 Results, Consolidated

A consolidation of the above two points.

Discussion

No particular discussion on the progress in the period is to be reported; task-wise objectives can still be reached.

It was agreed at the Paris meeting in May that the formulation of models, linking basic events with design parameters, will only be done on a qualitative basis and that the quantitative aspects will be taken into account in the implementation phase (2nd year of the project).

Dissemination and Exploitation

No official dissemination and/or exploitation of the results have been carried out in the first year mainly because the project is still in the early development stages. However, thanks to the involvement of some WP1 members in other EC funded projects, fruitful discussions have been taken place across these projects, such as THEMES and THOPIC to name a few.

Input from Participants

The input from participants is summarised in the following table with respect to the activities carried out within Task 1.1 and Task 1.2.


Task 1.1
Task 1.2


Identification of HSC incidents/accidents
Development of factors classification
Accidents/Incidents analysis
FMECA
Deliverable D110
Development of Fault Trees
Identification of Design Parameters
Power Prediction Algorithm
Formulation of models
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		Nature		Task		Partners		Budget mh		Accumulated in period mh		Accumulated total mh		Complete acc. to mh in %		Complete acc. to task description

		Identification of HSC incidents /accidents		T1.1

						DAP		0		0.0		0		0%		0%

						DMI		104		104.0		104		100%		100%

		Development of factors classification		T1.1

						DAP		178		148.0		148		100%		100%

						DMI		130		130.0		130		100%		100%

		Accidents /Incidents analysis		T1.1

						DAP		44		34.0		34		100%		100%

						DMI		77		77.0		77		100%		100%

		FMECA		T1.1

						DAP		0		40.0		40		100%		100%

						DMI		130		130.0		130		100%		100%

						BV		0		40.0		40		100%		100%

						NTUA		0		40.0		40		100%		100%

						VBD		0		40.0		40		100%		100%

						SIREHNA		0		40.0		40		100%		100%

						METTLE		0		40.0		40		100%		100%

						CET		0		40.0		40		100%		100%

		Deliverable D110		T1.1

						DAP		82		82.0		82		100%		100%

						DMI		77		77.0		77		100%		100%

		Task 1.1 Total						822		1062.0		1062

		Development of Fault Trees		T1.2

						DAP		380		380.0		380		100%		100%

						DMI		120		120.0		120		100%		100%

						BV		140		84.0		84		62%		100%

						NTUA

						VBD		100		50.0				50%		100%

						SIREHNA		148		148.0		148		100%		100%

						METTLE		210		210.0		210		100%		100%

						CET		276		276.0		276		100%		100%

		Identification of Design Parameters		T1.2

						DAP		106		106.0		106		100%		100%

						DMI		60		60.0		60		100%		100%

						BV		140		84.0		84		62%		100%

						NTUA

						VBD		100		50.0		50		100%		100%

						SIREHNA		75		75.0		75		100%		100%

						METTLE		105		105.0		105		100%		100%

						CET		80		80.0		80		100%		100%

		Formulation of models		T1.2

						DAP		384		0.0		0		0%		0%

						DMI		415		50.0		50		14%		14%

						BV

						NTUA

						VBD

						SIREHNA		517		75.0		75		14%		14%

						METTLE

						CET

		Power Prediction Algorithm		T1.2

						VBD		195		150.0		45		77%		100%

		Task 1.2 Total						3551		2103		1948






