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1.
Summary of Conceptual Approach

1.1 Theoretical Approach

The delivery D131 describes the formulation of a model for calculation of probabilities of human factors related basic events. The model is based on a list of human factors related parameters, which can be adjusted individually and independently of each other. These parameters have to be set in this final tool by the end user. 

The setting of the human factors related parameters will have an influence on the probability of the human factors related basic events. A human factors quotient (HFQ) will therefore be calculated as a single value expression of the setting of the parameters. The human factors quotient is in the range between 0 and 1 where 0 represents the worst possible setting of all human factors related parameters and 1 is the best possible setting of the parameters. We would expect, that the worst possible setting (0) would generate an increased probability of human error compared to a residual value while the best possible setting (1) would generate a decreased probability of human error compared to the residual value. A set of coefficients is needed for calculation of the human factors quotient. These coefficients are obtained by expert judgement of the importance of each parameter with respect to the probability of human error in general. The method used in this expert judgement is pair wise comparison, and the data can be collected by means of Internet based questionnaires.

1.2 General Steps

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

Preparation of model:

1. Coefficients for each parameter have been calculated by expert judgement (pair wise comparison). Additional information are available in the report D1.3.1., ID S101.31.01.052.002.
2. Probabilities for each combination of basic event and human factors quotient level have been calculated by expert estimation. Additional information are available in the report D1.3.1., ID S101.31.01.052.002.
3. The end user have the possibility of adjusting the model by using own values. 
Application of model:

1. Parameters should be adjusted by the end user

2. Human factors quotient (HFQ) are calculated on basis of the setting of parameters (by placing the “flag” in the selected value column) and the HFQ level should be identified on the basis of this calculation

3. Probabilities 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. 

Step 1 and 2 in the preparation of the model have been fulfilled by the use of questionnaires. Additional information are available in the report D1.3.1., ID S101.31.01.052.002.
1.3 Architecture of the Program

The program is implemented to a ordinary Excel spreadsheet: 

· S@SWP1_Human_Factor_model_v3.1(20031008).xls

The file contains two worksheets:

· Parameters: this worksheet contains the input parameters, which have to be defined by the operator, and displays also some of the main results: The HFQ-factor and total cost.

· Prob.factors: this worksheet contains the BE values calculated by using the input parameters. All BE used in the fault tree (to be found in the D1.3.4) and which are related to the Human Factor are displayed.

2. Installing the program

The program is contained in the Excel workbook and does not require specific external file nor specific installation procedure.

3. Entering Inputs

The input values have to be applied to the spreadsheet by following the guidance in this chapter 4. Running the Program.

4. Running the program

1. Adjust all nominal values in Parameter worksheet  - both operational parameters and design parameters – according to the expected design and operation of the vessel. Operational parameters are set in cooperation with the ship owner according to the existing standards and principals in the company or the expected or planned standard for the human factors level on the new vessel. The values are adjusted by placing the “flag” in the selected value column. The default value is medium except sub-parameter B1 where it is “only one” and E4 where it is “1-2/week”. All default values are marked with light blue.

2. The Human Factors Quotient (HFQ) is automatically calculated as described in the algorithm by using the ordinal values corresponding to the settings of parameters made in step 1.
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3. Find the probabilities of the individual Basic Events (BE) by lookup in Prob.Factors worksheet. The probabilities are automatically calculated by using the calculated HFQ.
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4. Calculate the probability of grounding and/or collision by combined use of the probability intervals of the human factors related basic events and the probabilities of automation and mechanical failures (D132) and manoeuvrability errors (D133) as entry data in the computer based model of the fault trees.

5. If the calculated probability is unacceptable, resume steps 1 through 6 with the appropriate corrections of parameters in order to change the probability to the desired level.

6. Determine the cost by input the right building costs and operational costs. The level of cost corresponds to the nominal value and the position of the flag (selected value). Only “non greyed cells” needs input, but the end user have the possibility of changing both. 
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7. Many of the parameters are linked to the cost through a factor which have been applied to the building or operational  cost. 

8. The “Bridge building and equipment cost factor” and the “Maintenance cost factor” does both have to be multiplied to the average cost for such items.

9. If the cost is unacceptable please resume with the appropriate corrections of parameters in order to change the cost to the desired level.

10. WP2 have a parameter – comfort level on board – which relates on the human factor. Specify the level of comfort on board given by WP2.

5. Understanding the outputs

The BE is directly related to the Human Factor Quotient (HFQ)  and changes by the level of this factor.

The BE is probabilities pr. Year

In case any event have relations to the Human Factor the tool delivers a factor which might be multiplied to the probability of the given event . The probability of the event might either formulated as “probability of success” or “probability of failure”.  Either of the factors can be used.

	60
	Global probability factor (probability of failure)
	1,00000

	
	Global probability factor (probability of success)
	1,00000


In the case above, the input parameters are set to the default value, which results in a global probability factor of 1.0.

6. Troubleshooting

No reported problem so far.

7. References

[1]
Implementation of Models for Human Factors, S@S internal deliverable, No. 
D1.3.1. Document ID S101.31.01.052.002.
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_1131868224.xls
Parametres

		Human Factor related to WP1 and WP4

								The HFQ will be in the range between 0 and 1, where 0 is the worst possible outcome and 1 is the best possible outcome of the setting of the parameter. Probability values for each BE can be found in the table:"Prob. factors"

		HFQ =		(C1*P1+C2*P2+C3*P3+……+C32*P32)/128

				0.6451085054

		Bridge building and equipment cost factor =		1.16

		Maintenance cost factor =		1.00		*		HFQ value		HFQ level														When talking about costs the values in the tables refer to a total crew team (e.g. 3 crew teams with 15 members on each team.)

								0.00 - 0.20		0.6451085054023963

		Operational costs =		1,700,000				0.20 - 0.40		0.6451085054023963

		Total costs =		1,700,000		**		0.40 - 0.60		0.6451085054023963

								0.60 - 0.80		0.6451085054023963

		*		Costs obtained from WP1, D132				0.80 - 1.00		0.6451085054023963

		**		Depending on building and maintenance costs

																														Building						Operational

		Parameter		Sub-parameters		Code		Nominal value		Importance value  (Cii)		Ordinal value (Pii-value)		51.4075003835				79.6881454096		Selected value (flag = 1)				Building costs factor [Euro]		Operational costs [Euro]						1.16				1700000

		Training and education of Crew		Amount of training and education		A1		None		0.6811353691		0		0		0										0								0

								Little				1		0		0.6811353691										50,000								0

								Medium				2		1.3622707382		1.3622707382				1						100,000								100000

								High				3		0		2.0434061073										150,000								0

								Very high				4		0		2.7245414765		2.7245414765								200,000								0

				Overall quality of training and education		A2		Very low		0.7879801198		0		0		0										0.70								0

								Low				1		0		0.7879801198										0.85								0

								Medium				2		1.5759602396		1.5759602396				1						1.00								1

								High				3		0		2.3639403594										1.10								0

								Very high				4		0		3.1519204792		3.1519204792								1.25								0		100000

		Selection of crew – qualifications		Number of well spoken working languages on board		B1		Only one		0.5502505495		4		2.2010021981		2.2010021981				1						1,500,000								1500000

								Two or more				0		0		0		2.2010021981								1,000,000								0

				Amount of experience		B2		None		0.6992767174		0		0		0										0.70								0

								Little				1		0		0.6992767174										0.85								0

								Medium				2		1.3985534348		1.3985534348				1						1.00								1

								High				3		0		2.0978301522										1.10								0

								Very high				4		0		2.7971068696		2.7971068696								1.25								0

				Amount of training and education		B3		None		0.6688927414		0		0		0										0.70								0

								Little				1		0		0.6688927414										0.85								0

								Medium				2		1.3377854829		1.3377854829				1						1.00								1

								High				3		0		2.0066782243										1.10								0

								Very high				4		0		2.6755709657		2.6755709657								1.25								0

				Overall quality of training and education		B4		Very low		0.7803006533		0		0		0										0.70								0

								Low				1		0		0.7803006533										0.85								0

								Medium				2		1.5606013067		1.5606013067				1						1.00								1

								High				3		0		2.34090196										1.10								0

								Very high				4		0		3.1212026134		3.1212026134								1.25								0

		Selection of crew – personality and attitudes		Amount of bridge discipline		C1		Very low		0.801521208		0		0		0										1.00								0

								Low				1		0		0.801521208										1.00								0

								Medium				2		1.603042416		1.603042416				1						1.00								1

								High				3		0		2.404563624										1.00								0

								Very high				4		0		3.206084832		3.206084832								1.00								0				1

				Ability to cope with operational pressures		C2		Very low		0.9148582612		0		0		0										1.00								0

								Low				1		0		0.9148582612										1.00								0

								Medium				2		1.8297165225		1.8297165225				1						1.00								1

								High				3		0		2.7445747837										1.00								0

								Very high				4		0		3.659433045		3.659433045								1.00								0				1

				Ability to cope with boredom (e.g. due to routine work)		C3		Very low		0.6134299281		0		0		0										1.00								0

								Low				1		0		0.6134299281										1.00								0

								Medium				2		1.2268598563		1.2268598563				1						1.00								1

								High				3		0		1.8402897844										1.00								0

								Very high				4		0		2.4537197126		2.4537197126								1.00								0				1

				Amount of concern about safety		C4		Very low		0.9474125212		0		0		0										1.00								0

								Low				1		0		0.9474125212										1.00								0

								Medium				2		1.8948250424		1.8948250424				1						1.00								1

								High				3		0		2.8422375637										1.00								0

								Very high				4		0		3.7896500849		3.7896500849								1.00								0				1

				Amount of risk taking attitude		C5		Very low		0.5591728282		4		0		2.2366913127										1.00								0

								Low				3		0		1.6775184845										1.00								0

								Medium				2		1.1183456564		1.1183456564				1						1.00								1

								High				1		0		0.5591728282										1.00								0

								Very high				0		0		0		2.2366913127								1.00								0				1

				Level of confidence (in self, others, automation/technology)		C6		Very low		0.7882583613		0		0		0										1.00								0

								Low				2		0		1.5765167227										1.00								0

								Medium				4		3.1530334454		3.1530334454				1						1.00								1

								High				2		0		1.5765167227										1.00								0

								Very high				0		0		0		3.1530334454								1.00								0				1

				Level of exposure to domestic issues		C7		Very low		0.5977556548		4		0		2.3910226193										1.00								0

								Low				3		0		1.7932669645										1.00								0

								Medium				2		1.1955113096		1.1955113096				1						1.00								1

								High				1		0		0.5977556548										1.00								0

								Very high				0		0		0		2.3910226193								1.00								0				1

		Selection of crew – medical and physical condition		Level of overall medical and physical condition		D1		Very poor		0.5043128716		0		0		0										1.50								0

								Poor				1		0		0.5043128716										1.25								0

								Medium				2		1.0086257431		1.0086257431				1		cf				1.00								1

								Good				3		0		1.5129386147										0.85								0

								Very good				4		0		2.0172514862		2.0172514862								0.70								0				1.00

		Operation and procedures		Amount of daily time and/or scheduling pressure		E1		Very low		0.6435727615		2		0		1.2871455229										1.10								0

								Low				3		0		1.9307182844										1.05								0

								Medium				4		2.5742910458		2.5742910458				1						1.00								1

								High				2		0		1.2871455229										0.95								0

								Very high				0		0		0		2.5742910458								0.90								0				1

				Amount of commercial and/or organizational pressure		E2		Very low		0.623226349		2		0		1.2464526979										1.10								0

								Low				3		0		1.8696790469										1.05								0

								Medium				4		2.4929053959		2.4929053959				1						1.00								1

								High				2		0		1.2464526979										0.95								0

								Very high				0		0		0		2.4929053959								0.90								0				1

				Amount of individual workload in the daily routine work		E3		Very low		0.6924041514		2		0		1.3848083028										1.10								0

								Low				3		0		2.0772124542										1.05								0

								Medium				4		2.7696166057		2.7696166057				1		cf				1.00								1

								High				2		0		1.3848083028										0.95								0

								Very high				0		0		0		2.7696166057								0.90								0				1

				Amount of especially demanding planned situations (e.g. fire drills)		E4		Less than 1/month		0.6489984714		0		0		0										10,000								0

								1-3/month				2		0		1.2979969429										24,000								0

								1-2/week				4		2.5959938858		2.5959938858				1						100,000								100000

								3-6/week				2		0		1.2979969429										250,000								0

								1 or more/day				0		0		0		2.5959938858								400,000								0		100000

				Amount of resources for maintenance, repair, retrofit, new equipment etc. (coefficient to be applied to the maintenance value, delivered by D1.3.2)		E5		Very low		0.6503548989		0		0		0										0.33								0

								Low				1		0		0.6503548989										0.66								0

								Medium				2		1.3007097979		1.3007097979				1						1.00								1

								High				3		0		1.9510646968										1.50								0

								Very high				4		0		2.6014195958		2.6014195958								2.00								0				1

		Safety culture		Level of overall safety culture on board		F1		Very low		1		0		0		0										0.90								0

								Low				1		0		1										0.95								0

								Medium				2		2		2				1						1.00								1

								High				3		0		3										1.05								0

								Very high				4		0		4		4								1.10								0				1

				Level of overall safety culture in company/land organization		F2		Very low		0.9465777966		0		0		0										0.90								0

								Low				1		0		0.9465777966										0.95								0

								Medium				2		1.8931555932		1.8931555932				1						1.00								1

								High				3		0		2.8397333898										1.05								0

								Very high				4		0		3.7863111864		3.7863111864								1.10								0				1

		Company practice		Overall quality of working terms and conditions – long term (vacation, salary, promotion possibilities etc.)		G1		Very low		0.4974959539		0		0		0										0.90								0

								Low				1		0		0.4974959539										0.95								0

								Medium				2		0.9949919077		0.9949919077				1		cf				1.00								1

								High				3		0		1.4924878616										1.05								0

								Very high				4		0		1.9899838155		1.9899838155								1.10								0				1

				Overall quality of working terms and conditions – daily basis (working hours, rest periods, working environment, accommodation etc.)		G2		Very low		0.5509183292		0		0		0										0.90								0

								Low				1		0		0.5509183292										0.95								0

								Medium				2		1.1018366584		1.1018366584				1		cf				1.00								1

								High				3		0		1.6527549876										1.05								0

								Very high				4		0		2.2036733169		2.2036733169								1.10								0				1

		Bridge discipline		Level to which extend bridge discipline is regulated by procedures and/or practice		H1		Very low		0.8786868613		0		0		0										0.90								0

								Low				2		0		1.7573737226										0.95								0

								Medium				4		3.5147474451		3.5147474451				1						1.00								1

								High				4		0		3.5147474451										1.05								0

								Very high				2		0		1.7573737226		3.5147474451								1.10								0		1500000		1

		Design of equipment and means for navigation		Level of automation		I1		Very low		0.5876462123		0		0		0								1.00				0.00						0

								Low				2		0		1.1752924245								1.00				0.00						0

								Medium				4		2.3505848491		2.3505848491				1				1.03				1.03						0

								High				4		0		2.3505848491								1.06				0.00						0

								Very high				2		0		1.1752924245		2.3505848491						1.10				0.00				1.03		0

				Level of transparency		I2		Very low		0.6444074861		0		0		0								1.00				0.00						0

								Low				1		0		0.6444074861								1.00				0.00						0

								Medium				2		1.2888149721		1.2888149721				1				1.03				1.03						0

								High				3		0		1.9332224582								1.06				0.00						0

								Very high				4		0		2.5776299443		2.5776299443						1.10				0.00				1.03		0

		HMI principles		Overall quality of interaction design and ergonomics		J1		Very low		0.4898443116		0		0		0								1.00				0.00						0

								Low				1		0		0.4898443116								1.00				0.00						0

								Medium				2		0.9796886231		0.9796886231				1		cf		1.03				1.03						0

								High				3		0		1.4695329347								1.06				0.00						0

								Very high				4		0		1.9593772463		1.9593772463						1.10				0.00				1.03		0

		User’s manual		Availability of user manuals		K1		None		8.35E-08		0		0		0								1.00				0.00						0

								Little				1		0		0.0000000835								1.00				0.00						0

								Medium				2		0.0000001669		0.0000001669				1				1.03				1.03						0

								High				3		0		0.0000002504								1.06				0.00						0

								Very high				4		0		0.0000003339		0.0000003339						1.10				0.00				1.03		0

				Overall quality of user manuals		K2		Very poor		0.0601002557		0		0		0								1.00				0.00						0

								Poor				1		0		0.0601002557								1.00				0.00						0

								Medium				2		0.1202005115		0.1202005115				1				1.01				1.01						0

								Good				3		0		0.1803007672								1.02				0.00						0

								Very good				4		0		0.2404010229		0.2404010229						1.03				0.00				1.01		0

		Means for communication		Availability of means for communication		L1		None		0.3539233201		0		0		0								1.00				0.00						0

								Little				1		0		0.3539233201								1.00				0.00						0

								Medium				2		0.7078466403		0.7078466403				1				1.01				1.01						0

								High				3		0		1.0617699604								1.02				0.00						0

								Very high				4		0		1.4156932805		1.4156932805						1.03				0.00				1.01		0

				Overall quality of means for communication		L2		Very poor		0.3906512032		0		0		0								1.00				0.00						0

								Poor				1		0		0.3906512032								1.00				0.00						0

								Medium				2		0.7813024064		0.7813024064				1				1.01				1.01						0

								Good				3		0		1.1719536095								1.02				0.00						0

								Very good				4		0		1.5626048127		1.5626048127						1.03				0.00				1.01		0

		Procedures for communication		Level to which extend onboard communication is regulated by procedures and/or practice		M1		Very low		0.3686701217		0		0		0										1.00								0

								Low				2		0		0.7373402433										1.00								0

								Medium				4		1.4746804866		1.4746804866				1						1.00								1

								High				4		0		1.4746804866										1.00								0

								Very high				2		0		0.7373402433		1.4746804866								1.00								0				1

		Comfort on board		Level of comfort directly related to WP2		N1		Low		1		-1		0		-1		0

								Medium				0		0		0				1

								High				1		0		1		1

														51.4075003835		198.6735562136		79.6881454096

		Traffic separation scheme present at the route or a part of the route				O1		Yes		1		1		1						1

								No				0		0

		VTS present at the route				O2		Yes		1		1		1						1

								No				0		0

		Traffic density				O3		Low		1		0.167		0								pb

								Medium				0.5		0.5						1		pb

								High				0.833		0								pb

		Traffic complexity				O4		Low		1		0.167		0								pb

								Medium				0.5		0.5						1		pb

								High				0.833		0								pb

		Default value

		CF means affected by the Comfort factor

		PB means parameter bottoms



Very low
Low
Medium
High
Very high



Prob. factors

		Table #6						.- Results obtained from the questionnaire

		HFQ		0.6451085054				HFQ:

		WP1						Very low						Low						Medium						High						Very high

		BE#		Basic Events		BE value		P(min)		P(actual)		P(max)		P(min)		P(actual)		P(max)		P(min)		P(actual)		P(max)		P(min)		P(actual)		P(max)		P(min)		P(actual)		P(max)

		1		Fail to make use of navigation equipment		1.47100E-03		0.08882		0		0.08882		0.02919		0		0.02919		0.00571		0		0.00571		0.00147		0.001471		0.00147		0.00023		0		0.00023

		2		Fail to make use of radar		2.62087E-04		0.01048		0		0.01048		0.00524		0		0.00524		0.00200		0		0.00200		0.00026		0.000262087		0.00026		0.00015		0		0.00015

		3		Fail to observe relative courses		1.60400E-03		0.09255		0		0.09255		0.04783		0		0.04783		0.00429		0		0.00429		0.00160		0.001604		0.00160		0.00023		0		0.00023

		4		Fail to plot relative courses		2.40200E-03		0.08882		0		0.08882		0.04037		0		0.04037		0.00571		0		0.00571		0.00240		0.002402		0.00240		0.00041		0		0.00041

		5		Helmsman error		1.73700E-03		0.05155		0		0.05155		0.01286		0		0.01286		0.00524		0		0.00524		0.00174		0.001737		0.00174		0.00081		0		0.00081

		6		Navigator overconfident		2.00300E-03		0.08882		0		0.08882		0.04783		0		0.04783		0.00714		0		0.00714		0.00200		0.002003		0.00200		0.00081		0		0.00081

		7		Only one navigator present on bridge		4.03729E-02		0.37391		0		0.37391		0.09255		0		0.09255		0.06646		0		0.06646		0.04037		0.0403728696		0.04037		0.01801		0		0.01801

		8		Misinterpretation of collision rules		2.02522E-04		0.01801		0		0.01801		0.00952		0		0.00952		0.00214		0		0.00214		0.00020		0.0002025217		0.00020		0.00013		0		0.00013

		9		Navigator intentionally does not change course		9.53043E-05		0.01143		0		0.01143		0.00381		0		0.00381		0.00027		0		0.00027		0.00010		0.0000953043		0.00010		0.00002		0		0.00002

		10		Passing to close to the other ship		1.90609E-04		0.04410		0		0.04410		0.01095		0		0.01095		0.00214		0		0.00214		0.00019		0.0001906087		0.00019		0.00015		0		0.00015

		11		Significant error made by OOW		2.14435E-04		0.04410		0		0.04410		0.01048		0		0.01048		0.00214		0		0.00214		0.00021		0.0002144348		0.00021		0.00012		0		0.00012

		12		Second navigational officer on the bridge fails to notice error		2.26348E-04		0.05528		0		0.05528		0.01801		0		0.01801		0.00254		0		0.00254		0.00023		0.0002263478		0.00023		0.00013		0		0.00013

		13		Watch-keeping failure		8.06000E-04		0.07391		0		0.07391		0.02174		0		0.02174		0.00320		0		0.00320		0.00081		0.000806		0.00081		0.00021		0		0.00021

		14		Involved in wrong communication		2.74000E-04		0.04037		0		0.04037		0.01143		0		0.01143		0.00293		0		0.00293		0.00027		0.000274		0.00027		0.00014		0		0.00014

		15		Assume that the other ship would fulfil it's obligation to give way and change it's course		2.02522E-04		0.01429		0		0.01429		0.00952		0		0.00952		0.00081		0		0.00081		0.00020		0.0002025217		0.00020		0.00017		0		0.00017

		16		Assume that the other ship would change it's course though it is not supposed to give way		7.14783E-05		0.00187		0		0.00187		0.00081		0		0.00081		0.00015		0		0.00015		0.00007		0.0000714783		0.00007		0.00012		0		0.00012

		17		Bad evaluation of the drift speed and course of floating object		2.62087E-04		0.01429		0		0.01429		0.00667		0		0.00667		0.00200		0		0.00200		0.00026		0.000262087		0.00026		0.00013		0		0.00013

		18		Bad evaluation of speed and course of other ship		1.78696E-04		0.01381		0		0.01381		0.00714		0		0.00714		0.00107		0		0.00107		0.00018		0.0001786957		0.00018		0.00012		0		0.00012

		19		Confused by other ship's movement		2.38261E-04		0.02919		0		0.02919		0.00810		0		0.00810		0.00187		0		0.00187		0.00024		0.0002382609		0.00024		0.00017		0		0.00017

		20		Failure in the use of external communication		2.62087E-04		0.01143		0		0.01143		0.00714		0		0.00714		0.00200		0		0.00200		0.00026		0.000262087		0.00026		0.00013		0		0.00013

		21		Failure in the use of internal communication		8.06000E-04		0.01333		0		0.01333		0.00762		0		0.00762		0.00307		0		0.00307		0.00081		0.000806		0.00081		0.00025		0		0.00025

		22		Fail to perform cross-check of equipment		1.07200E-03		0.09255		0		0.09255		0.02919		0		0.02919		0.00524		0		0.00524		0.00107		0.001072		0.00107		0.00041		0		0.00041

		23		Failure to keep starboard side of the channel		2.26348E-04		0.00905		0		0.00905		0.00667		0		0.00667		0.00174		0		0.00174		0.00023		0.0002263478		0.00023		0.00014		0		0.00014

		24		…caused by "malfunction or brake down of equipment such as anchor equipment or fuel system due to insufficient maintenance"		4.07000E-04		0.01801		0		0.01801		0.01190		0		0.01190		0.00320		0		0.00320		0.00041		0.000407		0.00041		0.00020		0		0.00020

		WP1		Orphan Basic Events

		25		Contravening traffic separation scheme		1		3)

		26		Impeeded by other ship (according to ship encoundered BE #44 + BE #45)		0.0431035		3)

		27		Encountered environment condition		0.0161		3)

		28		Too bad environment conditions for eye detection		0.34794375		4A)														m

		28A		Color of the object is visible for eye detection		0.95

		28B		Visibility is sufficient for eye detection		0.95

		28C		Light conditions are sufficient for eye detection		0.85

		28D		Object size versus wave height ratio is sufficient for eye detection		0.85

		29		Too bad environment conditions for radar detection		0.1925		4B)

		29A		Shape of the object is visible for radar detection		0.95

		29B		Object size versus wave height ratio is sufficient for radar detection		0.85

		30		Tug or towing vessel unavailable in time		0		3)

		31		Failure to connect tug in time		0		3)

		32		Wind and/or current towards shore		0.25		3)

		33		Shore within max drift range		0.5		3)

		34		Failure to selfrepair in time		0.5		3)

		35		Poor seabed conditions		0		3)

		36		Length of anchor chain (too short)		0		3)

		37		Not mapped: ground or shallow water		0		3)

		38		VTS not present		1		3)

		39		VTS fails to alert		0.1006502422		3)

		39A		VTS has not detected the grounding route		0.1

		39B		VTS fails to contact due to radio communication failure (VTS)		0.0001141553

		39C		VTS does not get a reply on their call		2.62087E-04

		39D		VTS does not succeed to explain the problem due to language		2.74000E-04

		40		Alarm not active		0.5		3)

		41		No space to diviate from grounding route (only relevant for displacement vessels)		0		3)

		42		No space to diviate from striking route (only relevant for displacement vessels)		0		3)

		43		No space to diviate from collision route (only relevant for displacement vessels)		0		3)

		44		Other ship encountered in open sea		0.172414		5)				0		0.172414		0

		45		Other ship encountered in restricted water		0.172414		5)

		46		Other ship fails to avoid close quaters		1		3)

		47		Other ship fails to avoid collision		1		3)

		48		Failure to make VHF contact		0		3)

		49		Fixed object encountered in restricted water		1		3)

		50		Not mapped fixed object in restricted water		0.001		3)

		51		Dangerous fixed object submerged in restricted water		0.0099		3)

		51A		Object is submerged		0.99

		51B		Object is dangerous (within the limit of the draught)		0.01

		52		Delibrate action of collision avoidance		0		3)

		53		Fixed object encountered in open water		1		3)

		54		Not mapped fixed object in open water		0.0001		3)

		55		Dangerous fixed object submerged in open water		0.000099		3)

		55A		Object is submerged		0.99

		55B		Object is dangerous (within the limit of the draught)		0.0001

		56		Floating object encountered		0		3)

		57		Dangerous floating object submerged		1		3)

		57A		Object is submerged		1

		57B		Object is dangerous (within the limit of the draught)		1

		58		Object detectable		0.5		3)

				Sub value or calculations which can be changed of the enduser if desided

				3) Expert judgment, not calculated values

				4A) Value of the probability where the object is not visible anymore (eye detection)

				4B) Value of the probability where the object is not visible anymore (radar detection)

				5) Determined from paper from Herbert Engineering, USA (low=0,130435; medium=0,172414; high=0,2)

		WP4

		60		Global probability factor (probability of failure)		1.00000

				Global probability factor (probability of succes)		1.00000
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Parametres

		Human Factor related to WP1 and WP4

								The HFQ will be in the range between 0 and 1, where 0 is the worst possible outcome and 1 is the best possible outcome of the setting of the parameter. Probability values for each BE can be found in the table:"Prob. factors"

		HFQ =		(C1*P1+C2*P2+C3*P3+……+C32*P32)/128

				0.6451085054

		Bridge building and equipment cost factor =		1.16

		Maintenance cost factor =		1.00		*		HFQ value		HFQ level														When talking about costs the values in the tables refer to a total crew team (e.g. 3 crew teams with 15 members on each team.)

								0.00 - 0.20		0.6451085054023963

		Operational costs =		1,700,000				0.20 - 0.40		0.6451085054023963

		Total costs =		1,700,000		**		0.40 - 0.60		0.6451085054023963

								0.60 - 0.80		0.6451085054023963

		*		Costs obtained from WP1, D132				0.80 - 1.00		0.6451085054023963

		**		Depending on building and maintenance costs

																														Building						Operational

		Parameter		Sub-parameters		Code		Nominal value		Importance value  (Cii)		Ordinal value (Pii-value)		51.4075003835				79.6881454096		Selected value (flag = 1)				Building costs factor [Euro]		Operational costs [Euro]						1.16				1700000

		Training and education of Crew		Amount of training and education		A1		None		0.6811353691		0		0		0										0								0

								Little				1		0		0.6811353691										50,000								0

								Medium				2		1.3622707382		1.3622707382				1						100,000								100000

								High				3		0		2.0434061073										150,000								0

								Very high				4		0		2.7245414765		2.7245414765								200,000								0

				Overall quality of training and education		A2		Very low		0.7879801198		0		0		0										0.70								0

								Low				1		0		0.7879801198										0.85								0

								Medium				2		1.5759602396		1.5759602396				1						1.00								1

								High				3		0		2.3639403594										1.10								0

								Very high				4		0		3.1519204792		3.1519204792								1.25								0		100000

		Selection of crew – qualifications		Number of well spoken working languages on board		B1		Only one		0.5502505495		4		2.2010021981		2.2010021981				1						1,500,000								1500000

								Two or more				0		0		0		2.2010021981								1,000,000								0

				Amount of experience		B2		None		0.6992767174		0		0		0										0.70								0

								Little				1		0		0.6992767174										0.85								0

								Medium				2		1.3985534348		1.3985534348				1						1.00								1

								High				3		0		2.0978301522										1.10								0

								Very high				4		0		2.7971068696		2.7971068696								1.25								0

				Amount of training and education		B3		None		0.6688927414		0		0		0										0.70								0

								Little				1		0		0.6688927414										0.85								0

								Medium				2		1.3377854829		1.3377854829				1						1.00								1

								High				3		0		2.0066782243										1.10								0

								Very high				4		0		2.6755709657		2.6755709657								1.25								0

				Overall quality of training and education		B4		Very low		0.7803006533		0		0		0										0.70								0

								Low				1		0		0.7803006533										0.85								0

								Medium				2		1.5606013067		1.5606013067				1						1.00								1

								High				3		0		2.34090196										1.10								0

								Very high				4		0		3.1212026134		3.1212026134								1.25								0

		Selection of crew – personality and attitudes		Amount of bridge discipline		C1		Very low		0.801521208		0		0		0										1.00								0

								Low				1		0		0.801521208										1.00								0

								Medium				2		1.603042416		1.603042416				1						1.00								1

								High				3		0		2.404563624										1.00								0

								Very high				4		0		3.206084832		3.206084832								1.00								0				1

				Ability to cope with operational pressures		C2		Very low		0.9148582612		0		0		0										1.00								0

								Low				1		0		0.9148582612										1.00								0

								Medium				2		1.8297165225		1.8297165225				1						1.00								1

								High				3		0		2.7445747837										1.00								0

								Very high				4		0		3.659433045		3.659433045								1.00								0				1

				Ability to cope with boredom (e.g. due to routine work)		C3		Very low		0.6134299281		0		0		0										1.00								0

								Low				1		0		0.6134299281										1.00								0

								Medium				2		1.2268598563		1.2268598563				1						1.00								1

								High				3		0		1.8402897844										1.00								0

								Very high				4		0		2.4537197126		2.4537197126								1.00								0				1

				Amount of concern about safety		C4		Very low		0.9474125212		0		0		0										1.00								0

								Low				1		0		0.9474125212										1.00								0

								Medium				2		1.8948250424		1.8948250424				1						1.00								1

								High				3		0		2.8422375637										1.00								0

								Very high				4		0		3.7896500849		3.7896500849								1.00								0				1

				Amount of risk taking attitude		C5		Very low		0.5591728282		4		0		2.2366913127										1.00								0

								Low				3		0		1.6775184845										1.00								0

								Medium				2		1.1183456564		1.1183456564				1						1.00								1

								High				1		0		0.5591728282										1.00								0

								Very high				0		0		0		2.2366913127								1.00								0				1

				Level of confidence (in self, others, automation/technology)		C6		Very low		0.7882583613		0		0		0										1.00								0

								Low				2		0		1.5765167227										1.00								0

								Medium				4		3.1530334454		3.1530334454				1						1.00								1

								High				2		0		1.5765167227										1.00								0

								Very high				0		0		0		3.1530334454								1.00								0				1

				Level of exposure to domestic issues		C7		Very low		0.5977556548		4		0		2.3910226193										1.00								0

								Low				3		0		1.7932669645										1.00								0

								Medium				2		1.1955113096		1.1955113096				1						1.00								1

								High				1		0		0.5977556548										1.00								0

								Very high				0		0		0		2.3910226193								1.00								0				1

		Selection of crew – medical and physical condition		Level of overall medical and physical condition		D1		Very poor		0.5043128716		0		0		0										1.50								0

								Poor				1		0		0.5043128716										1.25								0

								Medium				2		1.0086257431		1.0086257431				1		cf				1.00								1

								Good				3		0		1.5129386147										0.85								0

								Very good				4		0		2.0172514862		2.0172514862								0.70								0				1.00

		Operation and procedures		Amount of daily time and/or scheduling pressure		E1		Very low		0.6435727615		2		0		1.2871455229										1.10								0

								Low				3		0		1.9307182844										1.05								0

								Medium				4		2.5742910458		2.5742910458				1						1.00								1

								High				2		0		1.2871455229										0.95								0

								Very high				0		0		0		2.5742910458								0.90								0				1

				Amount of commercial and/or organizational pressure		E2		Very low		0.623226349		2		0		1.2464526979										1.10								0

								Low				3		0		1.8696790469										1.05								0

								Medium				4		2.4929053959		2.4929053959				1						1.00								1

								High				2		0		1.2464526979										0.95								0

								Very high				0		0		0		2.4929053959								0.90								0				1

				Amount of individual workload in the daily routine work		E3		Very low		0.6924041514		2		0		1.3848083028										1.10								0

								Low				3		0		2.0772124542										1.05								0

								Medium				4		2.7696166057		2.7696166057				1		cf				1.00								1

								High				2		0		1.3848083028										0.95								0

								Very high				0		0		0		2.7696166057								0.90								0				1

				Amount of especially demanding planned situations (e.g. fire drills)		E4		Less than 1/month		0.6489984714		0		0		0										10,000								0

								1-3/month				2		0		1.2979969429										24,000								0

								1-2/week				4		2.5959938858		2.5959938858				1						100,000								100000

								3-6/week				2		0		1.2979969429										250,000								0

								1 or more/day				0		0		0		2.5959938858								400,000								0		100000

				Amount of resources for maintenance, repair, retrofit, new equipment etc. (coefficient to be applied to the maintenance value, delivered by D1.3.2)		E5		Very low		0.6503548989		0		0		0										0.33								0

								Low				1		0		0.6503548989										0.66								0

								Medium				2		1.3007097979		1.3007097979				1						1.00								1

								High				3		0		1.9510646968										1.50								0

								Very high				4		0		2.6014195958		2.6014195958								2.00								0				1

		Safety culture		Level of overall safety culture on board		F1		Very low		1		0		0		0										0.90								0

								Low				1		0		1										0.95								0

								Medium				2		2		2				1						1.00								1

								High				3		0		3										1.05								0

								Very high				4		0		4		4								1.10								0				1

				Level of overall safety culture in company/land organization		F2		Very low		0.9465777966		0		0		0										0.90								0

								Low				1		0		0.9465777966										0.95								0

								Medium				2		1.8931555932		1.8931555932				1						1.00								1

								High				3		0		2.8397333898										1.05								0

								Very high				4		0		3.7863111864		3.7863111864								1.10								0				1

		Company practice		Overall quality of working terms and conditions – long term (vacation, salary, promotion possibilities etc.)		G1		Very low		0.4974959539		0		0		0										0.90								0

								Low				1		0		0.4974959539										0.95								0

								Medium				2		0.9949919077		0.9949919077				1		cf				1.00								1

								High				3		0		1.4924878616										1.05								0

								Very high				4		0		1.9899838155		1.9899838155								1.10								0				1

				Overall quality of working terms and conditions – daily basis (working hours, rest periods, working environment, accommodation etc.)		G2		Very low		0.5509183292		0		0		0										0.90								0

								Low				1		0		0.5509183292										0.95								0

								Medium				2		1.1018366584		1.1018366584				1		cf				1.00								1

								High				3		0		1.6527549876										1.05								0

								Very high				4		0		2.2036733169		2.2036733169								1.10								0				1

		Bridge discipline		Level to which extend bridge discipline is regulated by procedures and/or practice		H1		Very low		0.8786868613		0		0		0										0.90								0

								Low				2		0		1.7573737226										0.95								0

								Medium				4		3.5147474451		3.5147474451				1						1.00								1

								High				4		0		3.5147474451										1.05								0

								Very high				2		0		1.7573737226		3.5147474451								1.10								0		1500000		1

		Design of equipment and means for navigation		Level of automation		I1		Very low		0.5876462123		0		0		0								1.00				0.00						0

								Low				2		0		1.1752924245								1.00				0.00						0

								Medium				4		2.3505848491		2.3505848491				1				1.03				1.03						0

								High				4		0		2.3505848491								1.06				0.00						0

								Very high				2		0		1.1752924245		2.3505848491						1.10				0.00				1.03		0

				Level of transparency		I2		Very low		0.6444074861		0		0		0								1.00				0.00						0

								Low				1		0		0.6444074861								1.00				0.00						0

								Medium				2		1.2888149721		1.2888149721				1				1.03				1.03						0

								High				3		0		1.9332224582								1.06				0.00						0

								Very high				4		0		2.5776299443		2.5776299443						1.10				0.00				1.03		0

		HMI principles		Overall quality of interaction design and ergonomics		J1		Very low		0.4898443116		0		0		0								1.00				0.00						0

								Low				1		0		0.4898443116								1.00				0.00						0

								Medium				2		0.9796886231		0.9796886231				1		cf		1.03				1.03						0

								High				3		0		1.4695329347								1.06				0.00						0

								Very high				4		0		1.9593772463		1.9593772463						1.10				0.00				1.03		0

		User’s manual		Availability of user manuals		K1		None		8.35E-08		0		0		0								1.00				0.00						0

								Little				1		0		0.0000000835								1.00				0.00						0

								Medium				2		0.0000001669		0.0000001669				1				1.03				1.03						0

								High				3		0		0.0000002504								1.06				0.00						0

								Very high				4		0		0.0000003339		0.0000003339						1.10				0.00				1.03		0

				Overall quality of user manuals		K2		Very poor		0.0601002557		0		0		0								1.00				0.00						0

								Poor				1		0		0.0601002557								1.00				0.00						0

								Medium				2		0.1202005115		0.1202005115				1				1.01				1.01						0

								Good				3		0		0.1803007672								1.02				0.00						0

								Very good				4		0		0.2404010229		0.2404010229						1.03				0.00				1.01		0

		Means for communication		Availability of means for communication		L1		None		0.3539233201		0		0		0								1.00				0.00						0

								Little				1		0		0.3539233201								1.00				0.00						0

								Medium				2		0.7078466403		0.7078466403				1				1.01				1.01						0

								High				3		0		1.0617699604								1.02				0.00						0

								Very high				4		0		1.4156932805		1.4156932805						1.03				0.00				1.01		0

				Overall quality of means for communication		L2		Very poor		0.3906512032		0		0		0								1.00				0.00						0

								Poor				1		0		0.3906512032								1.00				0.00						0

								Medium				2		0.7813024064		0.7813024064				1				1.01				1.01						0

								Good				3		0		1.1719536095								1.02				0.00						0

								Very good				4		0		1.5626048127		1.5626048127						1.03				0.00				1.01		0

		Procedures for communication		Level to which extend onboard communication is regulated by procedures and/or practice		M1		Very low		0.3686701217		0		0		0										1.00								0

								Low				2		0		0.7373402433										1.00								0

								Medium				4		1.4746804866		1.4746804866				1						1.00								1

								High				4		0		1.4746804866										1.00								0

								Very high				2		0		0.7373402433		1.4746804866								1.00								0				1

		Comfort on board		Level of comfort directly related to WP2		N1		Low		1		-1		0		-1		0

								Medium				0		0		0				1

								High				1		0		1		1

														51.4075003835		198.6735562136		79.6881454096

		Traffic separation scheme present at the route or a part of the route				O1		Yes		1		1		1						1

								No				0		0

		VTS present at the route				O2		Yes		1		1		1						1

								No				0		0

		Traffic density				O3		Low		1		0.167		0								pb

								Medium				0.5		0.5						1		pb

								High				0.833		0								pb

		Traffic complexity				O4		Low		1		0.167		0								pb

								Medium				0.5		0.5						1		pb

								High				0.833		0								pb

		Default value

		CF means affected by the Comfort factor

		PB means parameter bottoms



Very low
Low
Medium
High
Very high



Prob. factors

		Table #6						.- Results obtained from the questionnaire

		HFQ		0.6451085054				HFQ:

		WP1						Very low						Low						Medium						High						Very high

		BE#		Basic Events		BE value		P(min)		P(actual)		P(max)		P(min)		P(actual)		P(max)		P(min)		P(actual)		P(max)		P(min)		P(actual)		P(max)		P(min)		P(actual)		P(max)

		1		Fail to make use of navigation equipment		1.47100E-03		0.08882		0		0.08882		0.02919		0		0.02919		0.00571		0		0.00571		0.00147		0.001471		0.00147		0.00023		0		0.00023

		2		Fail to make use of radar		2.62087E-04		0.01048		0		0.01048		0.00524		0		0.00524		0.00200		0		0.00200		0.00026		0.000262087		0.00026		0.00015		0		0.00015

		3		Fail to observe relative courses		1.60400E-03		0.09255		0		0.09255		0.04783		0		0.04783		0.00429		0		0.00429		0.00160		0.001604		0.00160		0.00023		0		0.00023

		4		Fail to plot relative courses		2.40200E-03		0.08882		0		0.08882		0.04037		0		0.04037		0.00571		0		0.00571		0.00240		0.002402		0.00240		0.00041		0		0.00041

		5		Helmsman error		1.73700E-03		0.05155		0		0.05155		0.01286		0		0.01286		0.00524		0		0.00524		0.00174		0.001737		0.00174		0.00081		0		0.00081

		6		Navigator overconfident		2.00300E-03		0.08882		0		0.08882		0.04783		0		0.04783		0.00714		0		0.00714		0.00200		0.002003		0.00200		0.00081		0		0.00081

		7		Only one navigator present on bridge		4.03729E-02		0.37391		0		0.37391		0.09255		0		0.09255		0.06646		0		0.06646		0.04037		0.0403728696		0.04037		0.01801		0		0.01801

		8		Misinterpretation of collision rules		2.02522E-04		0.01801		0		0.01801		0.00952		0		0.00952		0.00214		0		0.00214		0.00020		0.0002025217		0.00020		0.00013		0		0.00013

		9		Navigator intentionally does not change course		9.53043E-05		0.01143		0		0.01143		0.00381		0		0.00381		0.00027		0		0.00027		0.00010		0.0000953043		0.00010		0.00002		0		0.00002

		10		Passing to close to the other ship		1.90609E-04		0.04410		0		0.04410		0.01095		0		0.01095		0.00214		0		0.00214		0.00019		0.0001906087		0.00019		0.00015		0		0.00015

		11		Significant error made by OOW		2.14435E-04		0.04410		0		0.04410		0.01048		0		0.01048		0.00214		0		0.00214		0.00021		0.0002144348		0.00021		0.00012		0		0.00012

		12		Second navigational officer on the bridge fails to notice error		2.26348E-04		0.05528		0		0.05528		0.01801		0		0.01801		0.00254		0		0.00254		0.00023		0.0002263478		0.00023		0.00013		0		0.00013

		13		Watch-keeping failure		8.06000E-04		0.07391		0		0.07391		0.02174		0		0.02174		0.00320		0		0.00320		0.00081		0.000806		0.00081		0.00021		0		0.00021

		14		Involved in wrong communication		2.74000E-04		0.04037		0		0.04037		0.01143		0		0.01143		0.00293		0		0.00293		0.00027		0.000274		0.00027		0.00014		0		0.00014

		15		Assume that the other ship would fulfil it's obligation to give way and change it's course		2.02522E-04		0.01429		0		0.01429		0.00952		0		0.00952		0.00081		0		0.00081		0.00020		0.0002025217		0.00020		0.00017		0		0.00017

		16		Assume that the other ship would change it's course though it is not supposed to give way		7.14783E-05		0.00187		0		0.00187		0.00081		0		0.00081		0.00015		0		0.00015		0.00007		0.0000714783		0.00007		0.00012		0		0.00012

		17		Bad evaluation of the drift speed and course of floating object		2.62087E-04		0.01429		0		0.01429		0.00667		0		0.00667		0.00200		0		0.00200		0.00026		0.000262087		0.00026		0.00013		0		0.00013

		18		Bad evaluation of speed and course of other ship		1.78696E-04		0.01381		0		0.01381		0.00714		0		0.00714		0.00107		0		0.00107		0.00018		0.0001786957		0.00018		0.00012		0		0.00012

		19		Confused by other ship's movement		2.38261E-04		0.02919		0		0.02919		0.00810		0		0.00810		0.00187		0		0.00187		0.00024		0.0002382609		0.00024		0.00017		0		0.00017

		20		Failure in the use of external communication		2.62087E-04		0.01143		0		0.01143		0.00714		0		0.00714		0.00200		0		0.00200		0.00026		0.000262087		0.00026		0.00013		0		0.00013

		21		Failure in the use of internal communication		8.06000E-04		0.01333		0		0.01333		0.00762		0		0.00762		0.00307		0		0.00307		0.00081		0.000806		0.00081		0.00025		0		0.00025

		22		Fail to perform cross-check of equipment		1.07200E-03		0.09255		0		0.09255		0.02919		0		0.02919		0.00524		0		0.00524		0.00107		0.001072		0.00107		0.00041		0		0.00041

		23		Failure to keep starboard side of the channel		2.26348E-04		0.00905		0		0.00905		0.00667		0		0.00667		0.00174		0		0.00174		0.00023		0.0002263478		0.00023		0.00014		0		0.00014

		24		…caused by "malfunction or brake down of equipment such as anchor equipment or fuel system due to insufficient maintenance"		4.07000E-04		0.01801		0		0.01801		0.01190		0		0.01190		0.00320		0		0.00320		0.00041		0.000407		0.00041		0.00020		0		0.00020

		WP1		Orphan Basic Events

		25		Contravening traffic separation scheme		1		3)

		26		Impeeded by other ship (according to ship encoundered BE #44 + BE #45)		0.0431035		3)

		27		Encountered environment condition		0.0161		3)

		28		Too bad environment conditions for eye detection		0.34794375		4A)														m

		28A		Color of the object is visible for eye detection		0.95

		28B		Visibility is sufficient for eye detection		0.95

		28C		Light conditions are sufficient for eye detection		0.85

		28D		Object size versus wave height ratio is sufficient for eye detection		0.85

		29		Too bad environment conditions for radar detection		0.1925		4B)

		29A		Shape of the object is visible for radar detection		0.95

		29B		Object size versus wave height ratio is sufficient for radar detection		0.85

		30		Tug or towing vessel unavailable in time		0		3)

		31		Failure to connect tug in time		0		3)

		32		Wind and/or current towards shore		0.25		3)

		33		Shore within max drift range		0.5		3)

		34		Failure to selfrepair in time		0.5		3)

		35		Poor seabed conditions		0		3)

		36		Length of anchor chain (too short)		0		3)

		37		Not mapped: ground or shallow water		0		3)

		38		VTS not present		1		3)

		39		VTS fails to alert		0.1006502422		3)

		39A		VTS has not detected the grounding route		0.1

		39B		VTS fails to contact due to radio communication failure (VTS)		0.0001141553

		39C		VTS does not get a reply on their call		2.62087E-04

		39D		VTS does not succeed to explain the problem due to language		2.74000E-04

		40		Alarm not active		0.5		3)

		41		No space to diviate from grounding route (only relevant for displacement vessels)		0		3)

		42		No space to diviate from striking route (only relevant for displacement vessels)		0		3)

		43		No space to diviate from collision route (only relevant for displacement vessels)		0		3)

		44		Other ship encountered in open sea		0.172414		5)				0		0.172414		0

		45		Other ship encountered in restricted water		0.172414		5)

		46		Other ship fails to avoid close quaters		1		3)

		47		Other ship fails to avoid collision		1		3)

		48		Failure to make VHF contact		0		3)

		49		Fixed object encountered in restricted water		1		3)

		50		Not mapped fixed object in restricted water		0.001		3)

		51		Dangerous fixed object submerged in restricted water		0.0099		3)

		51A		Object is submerged		0.99

		51B		Object is dangerous (within the limit of the draught)		0.01

		52		Delibrate action of collision avoidance		0		3)

		53		Fixed object encountered in open water		1		3)

		54		Not mapped fixed object in open water		0.0001		3)

		55		Dangerous fixed object submerged in open water		0.000099		3)

		55A		Object is submerged		0.99

		55B		Object is dangerous (within the limit of the draught)		0.0001

		56		Floating object encountered		0		3)

		57		Dangerous floating object submerged		1		3)

		57A		Object is submerged		1

		57B		Object is dangerous (within the limit of the draught)		1

		58		Object detectable		0.5		3)

				Sub value or calculations which can be changed of the enduser if desided

				3) Expert judgment, not calculated values

				4A) Value of the probability where the object is not visible anymore (eye detection)

				4B) Value of the probability where the object is not visible anymore (radar detection)

				5) Determined from paper from Herbert Engineering, USA (low=0,130435; medium=0,172414; high=0,2)

		WP4

		60		Global probability factor (probability of failure)		1.00000

				Global probability factor (probability of succes)		1.00000
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Parametres

		Human Factor related to WP1 and WP4

								The HFQ will be in the range between 0 and 1, where 0 is the worst possible outcome and 1 is the best possible outcome of the setting of the parameter. Probability values for each BE can be found in the table:"Prob. factors"

		HFQ =		(C1*P1+C2*P2+C3*P3+……+C32*P32)/128

				0.6451085054

		Bridge building and equipment cost factor =		1.16

		Maintenance cost factor =		1.00		*		HFQ value		HFQ level														When talking about costs the values in the tables refer to a total crew team (e.g. 3 crew teams with 15 members on each team.)

								0.00 - 0.20		0.6451085054023963

		Operational costs =		1,700,000				0.20 - 0.40		0.6451085054023963

		Total costs =		1,700,000		**		0.40 - 0.60		0.6451085054023963

								0.60 - 0.80		0.6451085054023963

		*		Costs obtained from WP1, D132				0.80 - 1.00		0.6451085054023963

		**		Depending on building and maintenance costs

																														Building						Operational

		Parameter		Sub-parameters		Code		Nominal value		Importance value  (Cii)		Ordinal value (Pii-value)		51.4075003835				79.6881454096		Selected value (flag = 1)				Building costs factor [Euro]		Operational costs [Euro]						1.16				1700000

		Training and education of Crew		Amount of training and education		A1		None		0.6811353691		0		0		0										0								0

								Little				1		0		0.6811353691										50,000								0

								Medium				2		1.3622707382		1.3622707382				1						100,000								100000

								High				3		0		2.0434061073										150,000								0

								Very high				4		0		2.7245414765		2.7245414765								200,000								0

				Overall quality of training and education		A2		Very low		0.7879801198		0		0		0										0.70								0

								Low				1		0		0.7879801198										0.85								0

								Medium				2		1.5759602396		1.5759602396				1						1.00								1

								High				3		0		2.3639403594										1.10								0

								Very high				4		0		3.1519204792		3.1519204792								1.25								0		100000

		Selection of crew – qualifications		Number of well spoken working languages on board		B1		Only one		0.5502505495		4		2.2010021981		2.2010021981				1						1,500,000								1500000

								Two or more				0		0		0		2.2010021981								1,000,000								0

				Amount of experience		B2		None		0.6992767174		0		0		0										0.70								0

								Little				1		0		0.6992767174										0.85								0

								Medium				2		1.3985534348		1.3985534348				1						1.00								1

								High				3		0		2.0978301522										1.10								0

								Very high				4		0		2.7971068696		2.7971068696								1.25								0

				Amount of training and education		B3		None		0.6688927414		0		0		0										0.70								0

								Little				1		0		0.6688927414										0.85								0

								Medium				2		1.3377854829		1.3377854829				1						1.00								1

								High				3		0		2.0066782243										1.10								0

								Very high				4		0		2.6755709657		2.6755709657								1.25								0

				Overall quality of training and education		B4		Very low		0.7803006533		0		0		0										0.70								0

								Low				1		0		0.7803006533										0.85								0

								Medium				2		1.5606013067		1.5606013067				1						1.00								1

								High				3		0		2.34090196										1.10								0

								Very high				4		0		3.1212026134		3.1212026134								1.25								0

		Selection of crew – personality and attitudes		Amount of bridge discipline		C1		Very low		0.801521208		0		0		0										1.00								0

								Low				1		0		0.801521208										1.00								0

								Medium				2		1.603042416		1.603042416				1						1.00								1

								High				3		0		2.404563624										1.00								0

								Very high				4		0		3.206084832		3.206084832								1.00								0				1

				Ability to cope with operational pressures		C2		Very low		0.9148582612		0		0		0										1.00								0

								Low				1		0		0.9148582612										1.00								0

								Medium				2		1.8297165225		1.8297165225				1						1.00								1

								High				3		0		2.7445747837										1.00								0

								Very high				4		0		3.659433045		3.659433045								1.00								0				1

				Ability to cope with boredom (e.g. due to routine work)		C3		Very low		0.6134299281		0		0		0										1.00								0

								Low				1		0		0.6134299281										1.00								0

								Medium				2		1.2268598563		1.2268598563				1						1.00								1

								High				3		0		1.8402897844										1.00								0

								Very high				4		0		2.4537197126		2.4537197126								1.00								0				1

				Amount of concern about safety		C4		Very low		0.9474125212		0		0		0										1.00								0

								Low				1		0		0.9474125212										1.00								0

								Medium				2		1.8948250424		1.8948250424				1						1.00								1

								High				3		0		2.8422375637										1.00								0

								Very high				4		0		3.7896500849		3.7896500849								1.00								0				1

				Amount of risk taking attitude		C5		Very low		0.5591728282		4		0		2.2366913127										1.00								0

								Low				3		0		1.6775184845										1.00								0

								Medium				2		1.1183456564		1.1183456564				1						1.00								1

								High				1		0		0.5591728282										1.00								0

								Very high				0		0		0		2.2366913127								1.00								0				1

				Level of confidence (in self, others, automation/technology)		C6		Very low		0.7882583613		0		0		0										1.00								0

								Low				2		0		1.5765167227										1.00								0

								Medium				4		3.1530334454		3.1530334454				1						1.00								1

								High				2		0		1.5765167227										1.00								0

								Very high				0		0		0		3.1530334454								1.00								0				1

				Level of exposure to domestic issues		C7		Very low		0.5977556548		4		0		2.3910226193										1.00								0

								Low				3		0		1.7932669645										1.00								0

								Medium				2		1.1955113096		1.1955113096				1						1.00								1

								High				1		0		0.5977556548										1.00								0

								Very high				0		0		0		2.3910226193								1.00								0				1

		Selection of crew – medical and physical condition		Level of overall medical and physical condition		D1		Very poor		0.5043128716		0		0		0										1.50								0

								Poor				1		0		0.5043128716										1.25								0

								Medium				2		1.0086257431		1.0086257431				1		cf				1.00								1

								Good				3		0		1.5129386147										0.85								0

								Very good				4		0		2.0172514862		2.0172514862								0.70								0				1.00

		Operation and procedures		Amount of daily time and/or scheduling pressure		E1		Very low		0.6435727615		2		0		1.2871455229										1.10								0

								Low				3		0		1.9307182844										1.05								0

								Medium				4		2.5742910458		2.5742910458				1						1.00								1

								High				2		0		1.2871455229										0.95								0

								Very high				0		0		0		2.5742910458								0.90								0				1

				Amount of commercial and/or organizational pressure		E2		Very low		0.623226349		2		0		1.2464526979										1.10								0

								Low				3		0		1.8696790469										1.05								0

								Medium				4		2.4929053959		2.4929053959				1						1.00								1

								High				2		0		1.2464526979										0.95								0

								Very high				0		0		0		2.4929053959								0.90								0				1

				Amount of individual workload in the daily routine work		E3		Very low		0.6924041514		2		0		1.3848083028										1.10								0

								Low				3		0		2.0772124542										1.05								0

								Medium				4		2.7696166057		2.7696166057				1		cf				1.00								1

								High				2		0		1.3848083028										0.95								0

								Very high				0		0		0		2.7696166057								0.90								0				1

				Amount of especially demanding planned situations (e.g. fire drills)		E4		Less than 1/month		0.6489984714		0		0		0										10,000								0

								1-3/month				2		0		1.2979969429										24,000								0

								1-2/week				4		2.5959938858		2.5959938858				1						100,000								100000

								3-6/week				2		0		1.2979969429										250,000								0

								1 or more/day				0		0		0		2.5959938858								400,000								0		100000

				Amount of resources for maintenance, repair, retrofit, new equipment etc. (coefficient to be applied to the maintenance value, delivered by D1.3.2)		E5		Very low		0.6503548989		0		0		0										0.33								0

								Low				1		0		0.6503548989										0.66								0

								Medium				2		1.3007097979		1.3007097979				1						1.00								1

								High				3		0		1.9510646968										1.50								0

								Very high				4		0		2.6014195958		2.6014195958								2.00								0				1

		Safety culture		Level of overall safety culture on board		F1		Very low		1		0		0		0										0.90								0

								Low				1		0		1										0.95								0

								Medium				2		2		2				1						1.00								1

								High				3		0		3										1.05								0

								Very high				4		0		4		4								1.10								0				1

				Level of overall safety culture in company/land organization		F2		Very low		0.9465777966		0		0		0										0.90								0

								Low				1		0		0.9465777966										0.95								0

								Medium				2		1.8931555932		1.8931555932				1						1.00								1

								High				3		0		2.8397333898										1.05								0

								Very high				4		0		3.7863111864		3.7863111864								1.10								0				1

		Company practice		Overall quality of working terms and conditions – long term (vacation, salary, promotion possibilities etc.)		G1		Very low		0.4974959539		0		0		0										0.90								0

								Low				1		0		0.4974959539										0.95								0

								Medium				2		0.9949919077		0.9949919077				1		cf				1.00								1

								High				3		0		1.4924878616										1.05								0

								Very high				4		0		1.9899838155		1.9899838155								1.10								0				1

				Overall quality of working terms and conditions – daily basis (working hours, rest periods, working environment, accommodation etc.)		G2		Very low		0.5509183292		0		0		0										0.90								0

								Low				1		0		0.5509183292										0.95								0

								Medium				2		1.1018366584		1.1018366584				1		cf				1.00								1

								High				3		0		1.6527549876										1.05								0

								Very high				4		0		2.2036733169		2.2036733169								1.10								0				1

		Bridge discipline		Level to which extend bridge discipline is regulated by procedures and/or practice		H1		Very low		0.8786868613		0		0		0										0.90								0

								Low				2		0		1.7573737226										0.95								0

								Medium				4		3.5147474451		3.5147474451				1						1.00								1

								High				4		0		3.5147474451										1.05								0

								Very high				2		0		1.7573737226		3.5147474451								1.10								0		1500000		1

		Design of equipment and means for navigation		Level of automation		I1		Very low		0.5876462123		0		0		0								1.00				0.00						0

								Low				2		0		1.1752924245								1.00				0.00						0

								Medium				4		2.3505848491		2.3505848491				1				1.03				1.03						0

								High				4		0		2.3505848491								1.06				0.00						0

								Very high				2		0		1.1752924245		2.3505848491						1.10				0.00				1.03		0

				Level of transparency		I2		Very low		0.6444074861		0		0		0								1.00				0.00						0

								Low				1		0		0.6444074861								1.00				0.00						0

								Medium				2		1.2888149721		1.2888149721				1				1.03				1.03						0

								High				3		0		1.9332224582								1.06				0.00						0

								Very high				4		0		2.5776299443		2.5776299443						1.10				0.00				1.03		0

		HMI principles		Overall quality of interaction design and ergonomics		J1		Very low		0.4898443116		0		0		0								1.00				0.00						0

								Low				1		0		0.4898443116								1.00				0.00						0

								Medium				2		0.9796886231		0.9796886231				1		cf		1.03				1.03						0

								High				3		0		1.4695329347								1.06				0.00						0

								Very high				4		0		1.9593772463		1.9593772463						1.10				0.00				1.03		0

		User’s manual		Availability of user manuals		K1		None		8.35E-08		0		0		0								1.00				0.00						0

								Little				1		0		0.0000000835								1.00				0.00						0

								Medium				2		0.0000001669		0.0000001669				1				1.03				1.03						0

								High				3		0		0.0000002504								1.06				0.00						0

								Very high				4		0		0.0000003339		0.0000003339						1.10				0.00				1.03		0

				Overall quality of user manuals		K2		Very poor		0.0601002557		0		0		0								1.00				0.00						0

								Poor				1		0		0.0601002557								1.00				0.00						0

								Medium				2		0.1202005115		0.1202005115				1				1.01				1.01						0

								Good				3		0		0.1803007672								1.02				0.00						0

								Very good				4		0		0.2404010229		0.2404010229						1.03				0.00				1.01		0

		Means for communication		Availability of means for communication		L1		None		0.3539233201		0		0		0								1.00				0.00						0

								Little				1		0		0.3539233201								1.00				0.00						0

								Medium				2		0.7078466403		0.7078466403				1				1.01				1.01						0

								High				3		0		1.0617699604								1.02				0.00						0

								Very high				4		0		1.4156932805		1.4156932805						1.03				0.00				1.01		0

				Overall quality of means for communication		L2		Very poor		0.3906512032		0		0		0								1.00				0.00						0

								Poor				1		0		0.3906512032								1.00				0.00						0

								Medium				2		0.7813024064		0.7813024064				1				1.01				1.01						0

								Good				3		0		1.1719536095								1.02				0.00						0

								Very good				4		0		1.5626048127		1.5626048127						1.03				0.00				1.01		0

		Procedures for communication		Level to which extend onboard communication is regulated by procedures and/or practice		M1		Very low		0.3686701217		0		0		0										1.00								0

								Low				2		0		0.7373402433										1.00								0

								Medium				4		1.4746804866		1.4746804866				1						1.00								1

								High				4		0		1.4746804866										1.00								0

								Very high				2		0		0.7373402433		1.4746804866								1.00								0				1

		Comfort on board		Level of comfort directly related to WP2		N1		Low		1		-1		0		-1		0

								Medium				0		0		0				1

								High				1		0		1		1

														51.4075003835		198.6735562136		79.6881454096

		Traffic separation scheme present at the route or a part of the route				O1		Yes		1		1		1						1

								No				0		0

		VTS present at the route				O2		Yes		1		1		1						1

								No				0		0

		Traffic density				O3		Low		1		0.167		0								pb

								Medium				0.5		0.5						1		pb

								High				0.833		0								pb

		Traffic complexity				O4		Low		1		0.167		0								pb

								Medium				0.5		0.5						1		pb

								High				0.833		0								pb

		Default value

		CF means affected by the Comfort factor

		PB means parameter bottoms



Very low
Low
Medium
High
Very high



Prob. factors

		Table #6						.- Results obtained from the questionnaire

		HFQ		0.6451085054				HFQ:

		WP1						Very low						Low						Medium						High						Very high

		BE#		Basic Events		BE value		P(min)		P(actual)		P(max)		P(min)		P(actual)		P(max)		P(min)		P(actual)		P(max)		P(min)		P(actual)		P(max)		P(min)		P(actual)		P(max)

		1		Fail to make use of navigation equipment		1.47100E-03		0.08882		0		0.08882		0.02919		0		0.02919		0.00571		0		0.00571		0.00147		0.001471		0.00147		0.00023		0		0.00023

		2		Fail to make use of radar		2.62087E-04		0.01048		0		0.01048		0.00524		0		0.00524		0.00200		0		0.00200		0.00026		0.000262087		0.00026		0.00015		0		0.00015

		3		Fail to observe relative courses		1.60400E-03		0.09255		0		0.09255		0.04783		0		0.04783		0.00429		0		0.00429		0.00160		0.001604		0.00160		0.00023		0		0.00023

		4		Fail to plot relative courses		2.40200E-03		0.08882		0		0.08882		0.04037		0		0.04037		0.00571		0		0.00571		0.00240		0.002402		0.00240		0.00041		0		0.00041

		5		Helmsman error		1.73700E-03		0.05155		0		0.05155		0.01286		0		0.01286		0.00524		0		0.00524		0.00174		0.001737		0.00174		0.00081		0		0.00081

		6		Navigator overconfident		2.00300E-03		0.08882		0		0.08882		0.04783		0		0.04783		0.00714		0		0.00714		0.00200		0.002003		0.00200		0.00081		0		0.00081

		7		Only one navigator present on bridge		4.03729E-02		0.37391		0		0.37391		0.09255		0		0.09255		0.06646		0		0.06646		0.04037		0.0403728696		0.04037		0.01801		0		0.01801

		8		Misinterpretation of collision rules		2.02522E-04		0.01801		0		0.01801		0.00952		0		0.00952		0.00214		0		0.00214		0.00020		0.0002025217		0.00020		0.00013		0		0.00013

		9		Navigator intentionally does not change course		9.53043E-05		0.01143		0		0.01143		0.00381		0		0.00381		0.00027		0		0.00027		0.00010		0.0000953043		0.00010		0.00002		0		0.00002

		10		Passing to close to the other ship		1.90609E-04		0.04410		0		0.04410		0.01095		0		0.01095		0.00214		0		0.00214		0.00019		0.0001906087		0.00019		0.00015		0		0.00015

		11		Significant error made by OOW		2.14435E-04		0.04410		0		0.04410		0.01048		0		0.01048		0.00214		0		0.00214		0.00021		0.0002144348		0.00021		0.00012		0		0.00012

		12		Second navigational officer on the bridge fails to notice error		2.26348E-04		0.05528		0		0.05528		0.01801		0		0.01801		0.00254		0		0.00254		0.00023		0.0002263478		0.00023		0.00013		0		0.00013

		13		Watch-keeping failure		8.06000E-04		0.07391		0		0.07391		0.02174		0		0.02174		0.00320		0		0.00320		0.00081		0.000806		0.00081		0.00021		0		0.00021

		14		Involved in wrong communication		2.74000E-04		0.04037		0		0.04037		0.01143		0		0.01143		0.00293		0		0.00293		0.00027		0.000274		0.00027		0.00014		0		0.00014

		15		Assume that the other ship would fulfil it's obligation to give way and change it's course		2.02522E-04		0.01429		0		0.01429		0.00952		0		0.00952		0.00081		0		0.00081		0.00020		0.0002025217		0.00020		0.00017		0		0.00017

		16		Assume that the other ship would change it's course though it is not supposed to give way		7.14783E-05		0.00187		0		0.00187		0.00081		0		0.00081		0.00015		0		0.00015		0.00007		0.0000714783		0.00007		0.00012		0		0.00012

		17		Bad evaluation of the drift speed and course of floating object		2.62087E-04		0.01429		0		0.01429		0.00667		0		0.00667		0.00200		0		0.00200		0.00026		0.000262087		0.00026		0.00013		0		0.00013

		18		Bad evaluation of speed and course of other ship		1.78696E-04		0.01381		0		0.01381		0.00714		0		0.00714		0.00107		0		0.00107		0.00018		0.0001786957		0.00018		0.00012		0		0.00012

		19		Confused by other ship's movement		2.38261E-04		0.02919		0		0.02919		0.00810		0		0.00810		0.00187		0		0.00187		0.00024		0.0002382609		0.00024		0.00017		0		0.00017

		20		Failure in the use of external communication		2.62087E-04		0.01143		0		0.01143		0.00714		0		0.00714		0.00200		0		0.00200		0.00026		0.000262087		0.00026		0.00013		0		0.00013

		21		Failure in the use of internal communication		8.06000E-04		0.01333		0		0.01333		0.00762		0		0.00762		0.00307		0		0.00307		0.00081		0.000806		0.00081		0.00025		0		0.00025

		22		Fail to perform cross-check of equipment		1.07200E-03		0.09255		0		0.09255		0.02919		0		0.02919		0.00524		0		0.00524		0.00107		0.001072		0.00107		0.00041		0		0.00041

		23		Failure to keep starboard side of the channel		2.26348E-04		0.00905		0		0.00905		0.00667		0		0.00667		0.00174		0		0.00174		0.00023		0.0002263478		0.00023		0.00014		0		0.00014

		24		…caused by "malfunction or brake down of equipment such as anchor equipment or fuel system due to insufficient maintenance"		4.07000E-04		0.01801		0		0.01801		0.01190		0		0.01190		0.00320		0		0.00320		0.00041		0.000407		0.00041		0.00020		0		0.00020

		WP1		Orphan Basic Events

		25		Contravening traffic separation scheme		1		3)

		26		Impeeded by other ship (according to ship encoundered BE #44 + BE #45)		0.0431035		3)

		27		Encountered environment condition		0.0161		3)

		28		Too bad environment conditions for eye detection		0.34794375		4A)														m

		28A		Color of the object is visible for eye detection		0.95

		28B		Visibility is sufficient for eye detection		0.95

		28C		Light conditions are sufficient for eye detection		0.85

		28D		Object size versus wave height ratio is sufficient for eye detection		0.85

		29		Too bad environment conditions for radar detection		0.1925		4B)

		29A		Shape of the object is visible for radar detection		0.95

		29B		Object size versus wave height ratio is sufficient for radar detection		0.85

		30		Tug or towing vessel unavailable in time		0		3)

		31		Failure to connect tug in time		0		3)

		32		Wind and/or current towards shore		0.25		3)

		33		Shore within max drift range		0.5		3)

		34		Failure to selfrepair in time		0.5		3)

		35		Poor seabed conditions		0		3)

		36		Length of anchor chain (too short)		0		3)

		37		Not mapped: ground or shallow water		0		3)

		38		VTS not present		1		3)

		39		VTS fails to alert		0.1006502422		3)

		39A		VTS has not detected the grounding route		0.1

		39B		VTS fails to contact due to radio communication failure (VTS)		0.0001141553

		39C		VTS does not get a reply on their call		2.62087E-04

		39D		VTS does not succeed to explain the problem due to language		2.74000E-04

		40		Alarm not active		0.5		3)

		41		No space to diviate from grounding route (only relevant for displacement vessels)		0		3)

		42		No space to diviate from striking route (only relevant for displacement vessels)		0		3)

		43		No space to diviate from collision route (only relevant for displacement vessels)		0		3)

		44		Other ship encountered in open sea		0.172414		5)				0		0.172414		0

		45		Other ship encountered in restricted water		0.172414		5)

		46		Other ship fails to avoid close quaters		1		3)

		47		Other ship fails to avoid collision		1		3)

		48		Failure to make VHF contact		0		3)

		49		Fixed object encountered in restricted water		1		3)

		50		Not mapped fixed object in restricted water		0.001		3)

		51		Dangerous fixed object submerged in restricted water		0.0099		3)

		51A		Object is submerged		0.99

		51B		Object is dangerous (within the limit of the draught)		0.01

		52		Delibrate action of collision avoidance		0		3)

		53		Fixed object encountered in open water		1		3)

		54		Not mapped fixed object in open water		0.0001		3)

		55		Dangerous fixed object submerged in open water		0.000099		3)

		55A		Object is submerged		0.99

		55B		Object is dangerous (within the limit of the draught)		0.0001

		56		Floating object encountered		0		3)

		57		Dangerous floating object submerged		1		3)

		57A		Object is submerged		1

		57B		Object is dangerous (within the limit of the draught)		1

		58		Object detectable		0.5		3)

				Sub value or calculations which can be changed of the enduser if desided

				3) Expert judgment, not calculated values

				4A) Value of the probability where the object is not visible anymore (eye detection)

				4B) Value of the probability where the object is not visible anymore (radar detection)

				5) Determined from paper from Herbert Engineering, USA (low=0,130435; medium=0,172414; high=0,2)

		WP4

		60		Global probability factor (probability of failure)		1.00000

				Global probability factor (probability of succes)		1.00000
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Parametres

		Human Factor related to WP1 and WP4

								The HFQ will be in the range between 0 and 1, where 0 is the worst possible outcome and 1 is the best possible outcome of the setting of the parameter. Probability values for each BE can be found in the table:"Prob. factors"

		HFQ =		(C1*P1+C2*P2+C3*P3+……+C32*P32)/128

				0.6451085054

		Bridge building and equipment cost factor =		1.16

		Maintenance cost factor =		1.00		*		HFQ value		HFQ level														When talking about costs the values in the tables refer to a total crew team (e.g. 3 crew teams with 15 members on each team.)

								0.00 - 0.20		0.6451085054023963

		Operational costs =		1,700,000				0.20 - 0.40		0.6451085054023963

		Total costs =		1,700,000		**		0.40 - 0.60		0.6451085054023963

								0.60 - 0.80		0.6451085054023963

		*		Costs obtained from WP1, D132				0.80 - 1.00		0.6451085054023963

		**		Depending on building and maintenance costs

																														Building						Operational

		Parameter		Sub-parameters		Code		Nominal value		Importance value  (Cii)		Ordinal value (Pii-value)		51.4075003835				79.6881454096		Selected value (flag = 1)				Building costs factor [Euro]		Operational costs [Euro]						1.16				1700000

		Training and education of Crew		Amount of training and education		A1		None		0.6811353691		0		0		0										0								0

								Little				1		0		0.6811353691										50,000								0

								Medium				2		1.3622707382		1.3622707382				1						100,000								100000

								High				3		0		2.0434061073										150,000								0

								Very high				4		0		2.7245414765		2.7245414765								200,000								0

				Overall quality of training and education		A2		Very low		0.7879801198		0		0		0										0.70								0

								Low				1		0		0.7879801198										0.85								0

								Medium				2		1.5759602396		1.5759602396				1						1.00								1

								High				3		0		2.3639403594										1.10								0

								Very high				4		0		3.1519204792		3.1519204792								1.25								0		100000

		Selection of crew – qualifications		Number of well spoken working languages on board		B1		Only one		0.5502505495		4		2.2010021981		2.2010021981				1						1,500,000								1500000

								Two or more				0		0		0		2.2010021981								1,000,000								0

				Amount of experience		B2		None		0.6992767174		0		0		0										0.70								0

								Little				1		0		0.6992767174										0.85								0

								Medium				2		1.3985534348		1.3985534348				1						1.00								1

								High				3		0		2.0978301522										1.10								0

								Very high				4		0		2.7971068696		2.7971068696								1.25								0

				Amount of training and education		B3		None		0.6688927414		0		0		0										0.70								0

								Little				1		0		0.6688927414										0.85								0

								Medium				2		1.3377854829		1.3377854829				1						1.00								1

								High				3		0		2.0066782243										1.10								0

								Very high				4		0		2.6755709657		2.6755709657								1.25								0

				Overall quality of training and education		B4		Very low		0.7803006533		0		0		0										0.70								0

								Low				1		0		0.7803006533										0.85								0

								Medium				2		1.5606013067		1.5606013067				1						1.00								1

								High				3		0		2.34090196										1.10								0

								Very high				4		0		3.1212026134		3.1212026134								1.25								0

		Selection of crew – personality and attitudes		Amount of bridge discipline		C1		Very low		0.801521208		0		0		0										1.00								0

								Low				1		0		0.801521208										1.00								0

								Medium				2		1.603042416		1.603042416				1						1.00								1

								High				3		0		2.404563624										1.00								0

								Very high				4		0		3.206084832		3.206084832								1.00								0				1

				Ability to cope with operational pressures		C2		Very low		0.9148582612		0		0		0										1.00								0

								Low				1		0		0.9148582612										1.00								0

								Medium				2		1.8297165225		1.8297165225				1						1.00								1

								High				3		0		2.7445747837										1.00								0

								Very high				4		0		3.659433045		3.659433045								1.00								0				1

				Ability to cope with boredom (e.g. due to routine work)		C3		Very low		0.6134299281		0		0		0										1.00								0

								Low				1		0		0.6134299281										1.00								0

								Medium				2		1.2268598563		1.2268598563				1						1.00								1

								High				3		0		1.8402897844										1.00								0

								Very high				4		0		2.4537197126		2.4537197126								1.00								0				1

				Amount of concern about safety		C4		Very low		0.9474125212		0		0		0										1.00								0

								Low				1		0		0.9474125212										1.00								0

								Medium				2		1.8948250424		1.8948250424				1						1.00								1

								High				3		0		2.8422375637										1.00								0

								Very high				4		0		3.7896500849		3.7896500849								1.00								0				1

				Amount of risk taking attitude		C5		Very low		0.5591728282		4		0		2.2366913127										1.00								0

								Low				3		0		1.6775184845										1.00								0

								Medium				2		1.1183456564		1.1183456564				1						1.00								1

								High				1		0		0.5591728282										1.00								0

								Very high				0		0		0		2.2366913127								1.00								0				1

				Level of confidence (in self, others, automation/technology)		C6		Very low		0.7882583613		0		0		0										1.00								0

								Low				2		0		1.5765167227										1.00								0

								Medium				4		3.1530334454		3.1530334454				1						1.00								1

								High				2		0		1.5765167227										1.00								0

								Very high				0		0		0		3.1530334454								1.00								0				1

				Level of exposure to domestic issues		C7		Very low		0.5977556548		4		0		2.3910226193										1.00								0

								Low				3		0		1.7932669645										1.00								0

								Medium				2		1.1955113096		1.1955113096				1						1.00								1

								High				1		0		0.5977556548										1.00								0

								Very high				0		0		0		2.3910226193								1.00								0				1

		Selection of crew – medical and physical condition		Level of overall medical and physical condition		D1		Very poor		0.5043128716		0		0		0										1.50								0

								Poor				1		0		0.5043128716										1.25								0

								Medium				2		1.0086257431		1.0086257431				1		cf				1.00								1

								Good				3		0		1.5129386147										0.85								0

								Very good				4		0		2.0172514862		2.0172514862								0.70								0				1.00

		Operation and procedures		Amount of daily time and/or scheduling pressure		E1		Very low		0.6435727615		2		0		1.2871455229										1.10								0

								Low				3		0		1.9307182844										1.05								0

								Medium				4		2.5742910458		2.5742910458				1						1.00								1

								High				2		0		1.2871455229										0.95								0

								Very high				0		0		0		2.5742910458								0.90								0				1

				Amount of commercial and/or organizational pressure		E2		Very low		0.623226349		2		0		1.2464526979										1.10								0

								Low				3		0		1.8696790469										1.05								0

								Medium				4		2.4929053959		2.4929053959				1						1.00								1

								High				2		0		1.2464526979										0.95								0

								Very high				0		0		0		2.4929053959								0.90								0				1

				Amount of individual workload in the daily routine work		E3		Very low		0.6924041514		2		0		1.3848083028										1.10								0

								Low				3		0		2.0772124542										1.05								0

								Medium				4		2.7696166057		2.7696166057				1		cf				1.00								1

								High				2		0		1.3848083028										0.95								0

								Very high				0		0		0		2.7696166057								0.90								0				1

				Amount of especially demanding planned situations (e.g. fire drills)		E4		Less than 1/month		0.6489984714		0		0		0										10,000								0

								1-3/month				2		0		1.2979969429										24,000								0

								1-2/week				4		2.5959938858		2.5959938858				1						100,000								100000

								3-6/week				2		0		1.2979969429										250,000								0

								1 or more/day				0		0		0		2.5959938858								400,000								0		100000

				Amount of resources for maintenance, repair, retrofit, new equipment etc. (coefficient to be applied to the maintenance value, delivered by D1.3.2)		E5		Very low		0.6503548989		0		0		0										0.33								0

								Low				1		0		0.6503548989										0.66								0

								Medium				2		1.3007097979		1.3007097979				1						1.00								1

								High				3		0		1.9510646968										1.50								0

								Very high				4		0		2.6014195958		2.6014195958								2.00								0				1

		Safety culture		Level of overall safety culture on board		F1		Very low		1		0		0		0										0.90								0

								Low				1		0		1										0.95								0

								Medium				2		2		2				1						1.00								1

								High				3		0		3										1.05								0

								Very high				4		0		4		4								1.10								0				1

				Level of overall safety culture in company/land organization		F2		Very low		0.9465777966		0		0		0										0.90								0

								Low				1		0		0.9465777966										0.95								0

								Medium				2		1.8931555932		1.8931555932				1						1.00								1

								High				3		0		2.8397333898										1.05								0

								Very high				4		0		3.7863111864		3.7863111864								1.10								0				1

		Company practice		Overall quality of working terms and conditions – long term (vacation, salary, promotion possibilities etc.)		G1		Very low		0.4974959539		0		0		0										0.90								0

								Low				1		0		0.4974959539										0.95								0

								Medium				2		0.9949919077		0.9949919077				1		cf				1.00								1

								High				3		0		1.4924878616										1.05								0

								Very high				4		0		1.9899838155		1.9899838155								1.10								0				1

				Overall quality of working terms and conditions – daily basis (working hours, rest periods, working environment, accommodation etc.)		G2		Very low		0.5509183292		0		0		0										0.90								0

								Low				1		0		0.5509183292										0.95								0

								Medium				2		1.1018366584		1.1018366584				1		cf				1.00								1

								High				3		0		1.6527549876										1.05								0

								Very high				4		0		2.2036733169		2.2036733169								1.10								0				1

		Bridge discipline		Level to which extend bridge discipline is regulated by procedures and/or practice		H1		Very low		0.8786868613		0		0		0										0.90								0

								Low				2		0		1.7573737226										0.95								0

								Medium				4		3.5147474451		3.5147474451				1						1.00								1

								High				4		0		3.5147474451										1.05								0

								Very high				2		0		1.7573737226		3.5147474451								1.10								0		1500000		1

		Design of equipment and means for navigation		Level of automation		I1		Very low		0.5876462123		0		0		0								1.00				0.00						0

								Low				2		0		1.1752924245								1.00				0.00						0

								Medium				4		2.3505848491		2.3505848491				1				1.03				1.03						0

								High				4		0		2.3505848491								1.06				0.00						0

								Very high				2		0		1.1752924245		2.3505848491						1.10				0.00				1.03		0

				Level of transparency		I2		Very low		0.6444074861		0		0		0								1.00				0.00						0

								Low				1		0		0.6444074861								1.00				0.00						0

								Medium				2		1.2888149721		1.2888149721				1				1.03				1.03						0

								High				3		0		1.9332224582								1.06				0.00						0

								Very high				4		0		2.5776299443		2.5776299443						1.10				0.00				1.03		0

		HMI principles		Overall quality of interaction design and ergonomics		J1		Very low		0.4898443116		0		0		0								1.00				0.00						0

								Low				1		0		0.4898443116								1.00				0.00						0

								Medium				2		0.9796886231		0.9796886231				1		cf		1.03				1.03						0

								High				3		0		1.4695329347								1.06				0.00						0

								Very high				4		0		1.9593772463		1.9593772463						1.10				0.00				1.03		0

		User’s manual		Availability of user manuals		K1		None		8.35E-08		0		0		0								1.00				0.00						0

								Little				1		0		0.0000000835								1.00				0.00						0

								Medium				2		0.0000001669		0.0000001669				1				1.03				1.03						0

								High				3		0		0.0000002504								1.06				0.00						0

								Very high				4		0		0.0000003339		0.0000003339						1.10				0.00				1.03		0

				Overall quality of user manuals		K2		Very poor		0.0601002557		0		0		0								1.00				0.00						0

								Poor				1		0		0.0601002557								1.00				0.00						0

								Medium				2		0.1202005115		0.1202005115				1				1.01				1.01						0

								Good				3		0		0.1803007672								1.02				0.00						0

								Very good				4		0		0.2404010229		0.2404010229						1.03				0.00				1.01		0

		Means for communication		Availability of means for communication		L1		None		0.3539233201		0		0		0								1.00				0.00						0

								Little				1		0		0.3539233201								1.00				0.00						0

								Medium				2		0.7078466403		0.7078466403				1				1.01				1.01						0

								High				3		0		1.0617699604								1.02				0.00						0

								Very high				4		0		1.4156932805		1.4156932805						1.03				0.00				1.01		0

				Overall quality of means for communication		L2		Very poor		0.3906512032		0		0		0								1.00				0.00						0

								Poor				1		0		0.3906512032								1.00				0.00						0

								Medium				2		0.7813024064		0.7813024064				1				1.01				1.01						0

								Good				3		0		1.1719536095								1.02				0.00						0

								Very good				4		0		1.5626048127		1.5626048127						1.03				0.00				1.01		0

		Procedures for communication		Level to which extend onboard communication is regulated by procedures and/or practice		M1		Very low		0.3686701217		0		0		0										1.00								0

								Low				2		0		0.7373402433										1.00								0

								Medium				4		1.4746804866		1.4746804866				1						1.00								1

								High				4		0		1.4746804866										1.00								0

								Very high				2		0		0.7373402433		1.4746804866								1.00								0				1

		Comfort on board		Level of comfort directly related to WP2		N1		Low		1		-1		0		-1		0

								Medium				0		0		0				1

								High				1		0		1		1

														51.4075003835		198.6735562136		79.6881454096

		Traffic separation scheme present at the route or a part of the route				O1		Yes		1		1		1						1

								No				0		0

		VTS present at the route				O2		Yes		1		1		1						1

								No				0		0

		Traffic density				O3		Low		1		0.167		0								pb

								Medium				0.5		0.5						1		pb

								High				0.833		0								pb

		Traffic complexity				O4		Low		1		0.167		0								pb

								Medium				0.5		0.5						1		pb

								High				0.833		0								pb

		Default value

		CF means affected by the Comfort factor

		PB means parameter bottoms



Very low
Low
Medium
High
Very high



Prob. factors

		Table #6						.- Results obtained from the questionnaire

		HFQ		0.6451085054				HFQ:

		WP1						Very low						Low						Medium						High						Very high

		BE#		Basic Events		BE value		P(min)		P(actual)		P(max)		P(min)		P(actual)		P(max)		P(min)		P(actual)		P(max)		P(min)		P(actual)		P(max)		P(min)		P(actual)		P(max)

		1		Fail to make use of navigation equipment		1.47100E-03		0.08882		0		0.08882		0.02919		0		0.02919		0.00571		0		0.00571		0.00147		0.001471		0.00147		0.00023		0		0.00023

		2		Fail to make use of radar		2.62087E-04		0.01048		0		0.01048		0.00524		0		0.00524		0.00200		0		0.00200		0.00026		0.000262087		0.00026		0.00015		0		0.00015

		3		Fail to observe relative courses		1.60400E-03		0.09255		0		0.09255		0.04783		0		0.04783		0.00429		0		0.00429		0.00160		0.001604		0.00160		0.00023		0		0.00023

		4		Fail to plot relative courses		2.40200E-03		0.08882		0		0.08882		0.04037		0		0.04037		0.00571		0		0.00571		0.00240		0.002402		0.00240		0.00041		0		0.00041

		5		Helmsman error		1.73700E-03		0.05155		0		0.05155		0.01286		0		0.01286		0.00524		0		0.00524		0.00174		0.001737		0.00174		0.00081		0		0.00081

		6		Navigator overconfident		2.00300E-03		0.08882		0		0.08882		0.04783		0		0.04783		0.00714		0		0.00714		0.00200		0.002003		0.00200		0.00081		0		0.00081

		7		Only one navigator present on bridge		4.03729E-02		0.37391		0		0.37391		0.09255		0		0.09255		0.06646		0		0.06646		0.04037		0.0403728696		0.04037		0.01801		0		0.01801

		8		Misinterpretation of collision rules		2.02522E-04		0.01801		0		0.01801		0.00952		0		0.00952		0.00214		0		0.00214		0.00020		0.0002025217		0.00020		0.00013		0		0.00013

		9		Navigator intentionally does not change course		9.53043E-05		0.01143		0		0.01143		0.00381		0		0.00381		0.00027		0		0.00027		0.00010		0.0000953043		0.00010		0.00002		0		0.00002

		10		Passing to close to the other ship		1.90609E-04		0.04410		0		0.04410		0.01095		0		0.01095		0.00214		0		0.00214		0.00019		0.0001906087		0.00019		0.00015		0		0.00015

		11		Significant error made by OOW		2.14435E-04		0.04410		0		0.04410		0.01048		0		0.01048		0.00214		0		0.00214		0.00021		0.0002144348		0.00021		0.00012		0		0.00012

		12		Second navigational officer on the bridge fails to notice error		2.26348E-04		0.05528		0		0.05528		0.01801		0		0.01801		0.00254		0		0.00254		0.00023		0.0002263478		0.00023		0.00013		0		0.00013

		13		Watch-keeping failure		8.06000E-04		0.07391		0		0.07391		0.02174		0		0.02174		0.00320		0		0.00320		0.00081		0.000806		0.00081		0.00021		0		0.00021

		14		Involved in wrong communication		2.74000E-04		0.04037		0		0.04037		0.01143		0		0.01143		0.00293		0		0.00293		0.00027		0.000274		0.00027		0.00014		0		0.00014

		15		Assume that the other ship would fulfil it's obligation to give way and change it's course		2.02522E-04		0.01429		0		0.01429		0.00952		0		0.00952		0.00081		0		0.00081		0.00020		0.0002025217		0.00020		0.00017		0		0.00017

		16		Assume that the other ship would change it's course though it is not supposed to give way		7.14783E-05		0.00187		0		0.00187		0.00081		0		0.00081		0.00015		0		0.00015		0.00007		0.0000714783		0.00007		0.00012		0		0.00012

		17		Bad evaluation of the drift speed and course of floating object		2.62087E-04		0.01429		0		0.01429		0.00667		0		0.00667		0.00200		0		0.00200		0.00026		0.000262087		0.00026		0.00013		0		0.00013

		18		Bad evaluation of speed and course of other ship		1.78696E-04		0.01381		0		0.01381		0.00714		0		0.00714		0.00107		0		0.00107		0.00018		0.0001786957		0.00018		0.00012		0		0.00012

		19		Confused by other ship's movement		2.38261E-04		0.02919		0		0.02919		0.00810		0		0.00810		0.00187		0		0.00187		0.00024		0.0002382609		0.00024		0.00017		0		0.00017

		20		Failure in the use of external communication		2.62087E-04		0.01143		0		0.01143		0.00714		0		0.00714		0.00200		0		0.00200		0.00026		0.000262087		0.00026		0.00013		0		0.00013

		21		Failure in the use of internal communication		8.06000E-04		0.01333		0		0.01333		0.00762		0		0.00762		0.00307		0		0.00307		0.00081		0.000806		0.00081		0.00025		0		0.00025

		22		Fail to perform cross-check of equipment		1.07200E-03		0.09255		0		0.09255		0.02919		0		0.02919		0.00524		0		0.00524		0.00107		0.001072		0.00107		0.00041		0		0.00041

		23		Failure to keep starboard side of the channel		2.26348E-04		0.00905		0		0.00905		0.00667		0		0.00667		0.00174		0		0.00174		0.00023		0.0002263478		0.00023		0.00014		0		0.00014

		24		…caused by "malfunction or brake down of equipment such as anchor equipment or fuel system due to insufficient maintenance"		4.07000E-04		0.01801		0		0.01801		0.01190		0		0.01190		0.00320		0		0.00320		0.00041		0.000407		0.00041		0.00020		0		0.00020

		WP1		Orphan Basic Events

		25		Contravening traffic separation scheme		1		3)

		26		Impeeded by other ship (according to ship encoundered BE #44 + BE #45)		0.0431035		3)

		27		Encountered environment condition		0.0161		3)

		28		Too bad environment conditions for eye detection		0.34794375		4A)														m

		28A		Color of the object is visible for eye detection		0.95

		28B		Visibility is sufficient for eye detection		0.95

		28C		Light conditions are sufficient for eye detection		0.85

		28D		Object size versus wave height ratio is sufficient for eye detection		0.85

		29		Too bad environment conditions for radar detection		0.1925		4B)

		29A		Shape of the object is visible for radar detection		0.95

		29B		Object size versus wave height ratio is sufficient for radar detection		0.85

		30		Tug or towing vessel unavailable in time		0		3)

		31		Failure to connect tug in time		0		3)

		32		Wind and/or current towards shore		0.25		3)

		33		Shore within max drift range		0.5		3)

		34		Failure to selfrepair in time		0.5		3)

		35		Poor seabed conditions		0		3)

		36		Length of anchor chain (too short)		0		3)

		37		Not mapped: ground or shallow water		0		3)

		38		VTS not present		1		3)

		39		VTS fails to alert		0.1006502422		3)

		39A		VTS has not detected the grounding route		0.1

		39B		VTS fails to contact due to radio communication failure (VTS)		0.0001141553

		39C		VTS does not get a reply on their call		2.62087E-04

		39D		VTS does not succeed to explain the problem due to language		2.74000E-04

		40		Alarm not active		0.5		3)

		41		No space to diviate from grounding route (only relevant for displacement vessels)		0		3)

		42		No space to diviate from striking route (only relevant for displacement vessels)		0		3)

		43		No space to diviate from collision route (only relevant for displacement vessels)		0		3)

		44		Other ship encountered in open sea		0.172414		5)				0		0.172414		0

		45		Other ship encountered in restricted water		0.172414		5)

		46		Other ship fails to avoid close quaters		1		3)

		47		Other ship fails to avoid collision		1		3)

		48		Failure to make VHF contact		0		3)

		49		Fixed object encountered in restricted water		1		3)

		50		Not mapped fixed object in restricted water		0.001		3)

		51		Dangerous fixed object submerged in restricted water		0.0099		3)

		51A		Object is submerged		0.99

		51B		Object is dangerous (within the limit of the draught)		0.01

		52		Delibrate action of collision avoidance		0		3)

		53		Fixed object encountered in open water		1		3)

		54		Not mapped fixed object in open water		0.0001		3)

		55		Dangerous fixed object submerged in open water		0.000099		3)

		55A		Object is submerged		0.99

		55B		Object is dangerous (within the limit of the draught)		0.0001

		56		Floating object encountered		0		3)

		57		Dangerous floating object submerged		1		3)

		57A		Object is submerged		1

		57B		Object is dangerous (within the limit of the draught)		1

		58		Object detectable		0.5		3)

				Sub value or calculations which can be changed of the enduser if desided

				3) Expert judgment, not calculated values

				4A) Value of the probability where the object is not visible anymore (eye detection)

				4B) Value of the probability where the object is not visible anymore (radar detection)

				5) Determined from paper from Herbert Engineering, USA (low=0,130435; medium=0,172414; high=0,2)

		WP4

		60		Global probability factor (probability of failure)		1.00000

				Global probability factor (probability of succes)		1.00000






