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Document Control Sheet
Title: Hazard Identification for Container Ships
Abstract:
The objective of SAFEDOR project SP4.4 was to perform a “high-level” Formal Safety Assessment
(FSA) for a generic container ship. The objective of this task T4.4.1 was to perform hazard
identification (HAZID) as initial step of such an FSA. The main goal of this HAZID was to identify and
analyse all conceivable and relevant hazards and to establish a comprehensive list of hazards
associated with the operation of container ships. Expert opinion is gathered regarding the following
questions: What can go wrong? How often? How severe?

Although a number of FSA studies have been undertaken on behalf of IMO, none of them specifically
addressed hazards related to container ships. A few studies consider hazards for a complete ship type,
e.g. bulk carriers and high-speed crafts, but the majority rather focuses on particular aspects.
FSA guidelines published by IMO describe a standard procedure how to execute an FSA. Those
guidelines were used for this task.
No other SAFEDOR deliverable has been referenced, but a number of IMO documents, as well as
casualty data were used as input and background material.
The hazard identification for container ships was performed in accordance with the IMO guidelines.
Failure modes, causes and effects were identified using the Failure Mode and Effect Analysis (FMEA)
technique. Existing constructions as well as new designs were considered, paying special attention to
open top constructions were appropriate.
Three (3) moderated expert meetings were organised, each of them associated to a phase of operation.
The following phases were considered most relevant for a high-level analysis:
•

Operation in port, loading and unloading

•

Restricted waters and costal passage

•

Open seas voyage

16 experts from 6 companies with background in design, operation, regulation and classification of
container ships participated. Some of them took part in more than one session. In total, 91 hazards in
22 scenarios have been identified. Some of the scenarios are covered more than once, when the
different contexts suggested different results with respect to the consequence. The following types of
risk have been considered:
•

Risk for human life

•

Risk for the environment

•

Risk for cargo

•

Risk for ship

Based on the list of identified hazards, an evaluation of severity and frequency took place using tables
standardized among all projects in WP 4. Participants estimated frequencies and consequences
individually. Based on their feedback a consolidated table was compiled. Risk indices for all risk types
listed above were calculated as arithmetic mean. The range between minimum and maximum risk index
was used as a quality measure. Afterwards, the Delphi method was successfully applied to streamline
the assessments; hence the number of deviations larger than three was reduced significantly from 55 to
14.
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Hazards with a high risk level, i.e. a risk index larger than a defined threshold value were listed,
resulting in four lists with 5 (five) hazards for human safety, 13 (thirteen) hazards for environment, 13
(thirteen) hazards for cargo and 11 (eleven) hazards for ship.
The scenarios named most frequently are Large Ship Motions (10), Lashing (5), Contact (4), Human
Error (4), Collision (4), Fire /Explosion (3), Structural failure (3), and Unlawful act (3) and can be
therefore considered as most representative for later analysis.
The results of this task are a useful starting point for other, more detailed investigations, e.g. HAZIDs
for particular aspects.
For a “high-level” FSA for container ships, many experts are needed to be involved. However,
experience shows that the availability of those experts is critical, not only in this project, but also in
general. Finally, the project managed to ensure the participation of highly qualified industry experts.
Another lesson learned is, that an onsite assessment by the team should be preferred over distributed
assessment since estimates of frequency and severity are heavily based on a common understanding of
the hazards and scenarios. It is much more efficient to refine and improve the description and to assign
commonly agreed indices within a meeting than otherwise.
The results presented in this document will serve as the main input to task 4.4.2 for building a riskmodel describing the safety level of current container ships in general terms and to task 4.4.3 for
identifying and comparing risk control options. Together with SP4.3 “FSA for gas tankers” it will serve
as input to a standardised risk model for non-passenger ships. Finally, an integrated report following
the IMO standard reporting format for FSA shall be issued as a result of tasks T4.4.1 – T4.4.3.
SAFEDOR projects SP2.3 and 2.5 have expressed interest in the HAZID results in order to doublecheck and possibly complement their results.
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1 Introduction
1.1 Objectives
This task is part of subproject SP4.4. and work package WP4 of the Integrated Project “Design,
Operation and Regulation for Safety” SAFEDOR. Hence, its objectives are closely related to the
objectives of the former.
The main objective of SAFEDOR is to develop a concept for risk-based ship design and approval
enabling the European maritime industry to design and deliver more innovative ships while – at the same
time – increasing the overall safety of maritime transport.
Work package 4 is a key element in SAFEDOR aiming at a risk-based regulatory framework suitable for
a more flexible application of rules and regulations to new designs. This framework shall allow and
encourage new, innovative solutions without compromising safety. In order to establish such a framework
the current safety levels of existing rules and regulations need to be made explicit. The suggested
approach to achieve this is to perform a number of generic safety assessments for selected ship types.
The objective of subproject SP4.4 is to perform a “high-level” Formal Safety Assessment (FSA) for a
generic container ship. Here the term “high-level” describes the purpose to establish a top-level risk
model as complete as possible, to which details can be added in later stages or by additional studies. As
described in more detail below, an FSA consists of several steps, the first of which is the identification of
potential hazards specific to the ship type under consideration.
In this context, the objective of this task T4.4.1 is to identify and analyse all conceivable and relevant
hazards and to establish a comprehensive list of hazards associated with the operation of container ships.
Existing constructions as well as new designs are considered, paying special attention to open top
constructions. In order to keep the resulting list to a manageable size, hazards are investigated not in very
detail but on a more general level.
The following results shall be produced:
•
•
•

A list of hazards and associated scenarios grouped by risk type including detailed description of
causes and effects for each hazard identified,
For each hazard an estimation of the potential risk expressed in terms of frequency and
consequences,
A list of hazards with high risk level for more detailed investigation.

These results will be used as basis for building a risk-model to describe the safety level of current
container ships in general terms and to identify risk control options. An important outcome of this project
will be a proposal for a standardised risk model for non-passenger ships in cooperation with SP4.3 “FSA
for gas tankers”.
An integrated report following the IMO standard reporting format for FSA [6] will be issued as a result of
tasks T4.4.1 – T4.4.3.

1.2 Related SAFEDOR Tasks
The results of this task will be used subsequently in tasks T4.4.2 “Risk Analysis” and T4.4.3 “CostBenefit-Assessment and Recommendation” that constitute the next steps of the FSA process. The list of
prioritized hazards will be used as input for building a risk-model and for identification of appropriate
risk control options.
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In parallel there is an ongoing harmonisation effort between this project and other projects SP4.1, SP4.2
and SP4.3, each of them performing an FSA for specific ship types (RoRo-Passenger, Cruise ships, and
LNG tankers respectively). It is intended to establish common procedures, ranking criteria, and
presentation structures. The discussions were led by project SP4.5 “Risk-based regulatory framework”,
which needs harmonised or shared risk models developed by the individual FSA projects as input. Also,
work package 5 “Risk-based design framework“ needs harmonised or even standardized models for
concept and implementation. A standardized risk model for non-passenger ships shall be delivered for
non-passenger ships.
Within project SP6.8 “Innovative open top container vessel” a new innovative ship design will be
developed implementing some specific risk control options. Most partners of SP6.8 are also represented
in SP4.4.
SAFEDOR projects SP 2.3 “Probabilistic Assessment of Intact Stability” and SP 2.5 “Probabilities of
Fire and Explosions Events” are conducting HAZIDs with focus on particular aspects. Although the
results of those projects will not be included directly, they serve as valuable input for risk modelling and
are potentially useful for verification purposes.
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2 Formal Safety Assessment
2.1 Overview
Formal safety assessment (FSA) is a formal, structured and systematic methodology to assist and
rationalize the rule-making processes and to facilitate proactive risk control [7]. The IMO guidelines for
FSA [6] describe the methodology in more detail. It consists of the following steps:
•

Hazard identification

•

Risk assessment

•

Identification of risk control options

•

Cost-benefit assessment

•

Recommendations for decision making

Figure 1 describes how these steps are interrelated and what they comprise.

Figure 1: FSA steps (source: IACS)

2.2 State-of-the-Art
Since FSA has been introduced by IMO, a number of FSA studies have been executed to investigate
particular construction details, e.g. watertight integrity of the fore end of bulk carriers, specific design
solutions, e.g. high speed crafts, operation modes, e.g. navigation on cruise ships or accident categories,
e.g. fire on cruise ships [13], [14]. However, no FSA has been undertaken or published so far
systematically investigating the risk for a generic ship type.
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2.3 Hazard Identification
The purpose of a hazard identification is identification, evaluation and ranking of relevant hazards. For
this, a group of experts is faced with the following questions regarding the object or system under
consideration: What may go wrong? How often? How severe?
In order to prepare to prepare for this, the following needs to be done:
•

Clarify of the scope of investigation,

•

Describe the system under consideration including boundaries and limitations,

•

Collect and evaluate statistic casualty data,

•

Establish or reuse common tables for estimation of frequency and severity.

Additionally, the technique for documenting the results needs to be explained sufficiently detailed.
All of this is done in the following chapters.

Document Id. SAFEDOR-D-4.4.1-2005-11-30-GL-HAZID–rev-1.5

page 9 of 56

SAFEDOR

Date 2005-11-30
Hazard Identification for Container Ships
D 4.4.1

3 Data Collection
This section provides basic information on the world fleet of container ships, in terms of size, capacity,
growth rate, etc. It also provides some statistical analysis of recorded casualties in which containerships
were involved. Both sets of data are used as inputs for the hazard identification sessions as they aid a
better understanding of the context. They are useful for, e.g., estimation of “average” consequences as
well as frequencies.

3.1 World Container Fleet
The number of all seagoing container ships in the world is estimated between 3,000 and 3,300 (January
2004, according to [17]: 3,036 and [18] 3,178 ships). This variation can be explained by different
counting measures. For example, ships below a minimum deadweight are excluded. It is also difficult to
get information about ships laid-up or scrapped. Finally, it depends on the precise definition of ship type,
e.g. whether or to include combined container ships or only full container ships.
The total capacity of this fleet is approximately 6,500,000 TEU. Compared to the world merchant fleet in
2004, container ships comprise approximately 10 % in terms of both numbers and tonnage.
On average, ships are at sea 80 % of their life and in port 20 %. This ratio is still increasing. The number
of ships has been continuously growing over the last 15 years. For many shipyards in Europe and Asia,
order books are full for the next years. The greatest demand is to be found off the major routes, which
explains the exceptional demand in the medium-size container ships. 173 container ships with an overall
capacity of 650,000 TEU were delivered in 2004 [19]. After deduction of the scrapping rate, which is
generally low, this yields a fleet growth of 9 %. The average growth rate for the last 10 years was 8.1%,
while forecasts predict more than 10 % for the coming years [18]. See Figure 2 for the development of the
world container fleet.
Container Ships
7.000
6.000
5.000
4.000
3.000
2.000
1.000
0
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
No of Ships

1.000 TEU

Figure 2: Number and capacity of container ships worldwide [17]

7.6 % of the world merchant fleet over 300 gross tonnage are container ships, their average age is 10.5
years and the average growth from 1999 – 2004 was 28.5 % [17]. The proportion of container cargo trade
in relation to seaborne world trade (a total of 5,375 billion t) was about 14 percent in 2000. Of this
volume, approx. 3 to 4 percent was conveyed as refrigerated cargo in reefer containers [20].
Containerized exports from Europe to Asia are by far smaller than imports from Asia to Europe, for
example, in 2004 6,6 Mio TEU were imported, while exports were in the order of 3.3 Mio TEU.
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Figure 3: World Merchant Fleet

Container ships can be categorized into groups, mainly by their size. These categories are sometimes also
called “generation” since due to continuous increase in size the latest container ship developments are
also the largest. Table 1 below shows an overview of numbers, capacity and percentage shares grouped
by category.
Table 1: Container ship numbers and capacity by subcategory (LR Fairplay, 01/2004)

Category
Total number % number Total capacity TEU % capacity
282
8.9
1,638,754
25.3
Post-Panamax
467
14.7
1,779,287
27.5
Panamax
494
15.5
1,224,795
18.9
Sub-Panamax
907
28.5
1,282,917
19.8
Handysize
584
18.4
414,188
6.4
Feedermax
444
14.0
37,359
2.1
Feeder
Total
3,178
100.0
6,477,300
100.0
At present, 55 ships have a capacity of 7,500 TEU or more. In July 2005, the by-then-largest container
ship in the world MSC Pamela with a capacity of 9,200 TEU was delivered to a Hamburg shipping
company as the first in a series of 13 ships [15]. It has the following principal particulars:
B = 45.6 m, LOA = 336.7 m; T = 15.0 m, DWT = 110,592 tdw.
286 containers can be stowed in a single bay due to the following container arrangements
In hold:

16 rows, 10 tiers

On deck:

18 rows, 7 tiers

This means that 44 % of the containers are carried on deck, but this rate may increase to more than 50 %
for other ship designs. It seems to be difficult to have more than 10 tiers in a cargo hold due to
exceedingly high stack loads.
The share of TEU capacity held by these 10 largest container-shipping companies worldwide is
approximately 54.7 % of the global container capacity. See Figure 4 how number of ships and capacity is
distributed among the global alliances.
Document Id. SAFEDOR-D-4.4.1-2005-11-30-GL-HAZID–rev-1.5

page 11 of 56

SAFEDOR

Date 2005-11-30
Hazard Identification for Container Ships
D 4.4.1

Owner (Charter Fleet)
500
400
300
200
100
0
r
up
up
yd
to
ro
ro
llo
na
G
G
d
e
e
V
M
/S
N
S
G
O
SA
k
C
jin
C
s
n
&
r
A
P
Ha
ae
CM
la
ea

M

..
n.

M

SC

L
AP
i
Ch

No of Ships

na

.. .
ng
i
p
ip
Sh

K
...
NY
-G
d
Sü
rg
u
b
m
Ha

1.000 TEU

Figure 4: Global container ship alliances

Analysing the year of build one can see from Figure 5 that the world container fleet is relatively young as
59 % of the ships are younger than 10 years and 74 % are younger than 15 years. This can be explained
by the large number of new buildings over the last years and is definitely different to other ship types like
bulk carriers and tankers. This is even more evident when looking at the tonnage, of which 66 % are less
than 10 years and 80 % less than 15 years old.
World Container Fleet Age

World Container Fleet Tonnage

[total: 3311 ships]

[total: 98,962,158 dwt]

17%

11%

28%
9%

less than 5 years

9%

38%

5 - 10 years

10 - 15 years

10 - 15 years
15 - 20 years

les s than 5 years
5 - 10 years

14%

15 - 20 years
m ore than 20 years

more than 20 years

15%

31%

28%

Figure 5: world container fleet by age and tonnage vs. age (source: LR Fairplay, 2004)

3.2 Casualty Data
Historic casualty figures for ship incidents and accidents have been recorded in a number of maritime
databases for a number of years. Those figures are useful for the analysis of causes and consequences.

3.2.1 LMIU Database
One database that is commonly used for this purpose is LMIU. Most data used throughout this report are
taken from LMIU. Lloyds Maritime Information Unit (LMIU) is a data provider that has evolved from
Lloyds Maritime Information Service (LMIS), which was a joint venture between Lloyds Register (LR)
and Lloyds of London Press (LLP) between 1986 and 2001.
LMIU records and captures casualty information for the seagoing merchant fleet >100gt. On average,
some 2,500 incidents, serious and non-serious, are recorded every year. Casualty records for the fleet
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extend back to 1976 offering a comprehensive database of over 40,000 incidents that can be further linked
to LMIU vessel characteristics, ownership and movements offering customers a unique record of fleet
activity. Principal casualty sources are the Lloyds Agency Network, Maritime Rescue Coordination
Centres (MRCC), Coastguard, Port Authorities plus a network of sources including Lloyds List and
Lloyds Casualty Reporting Service. These reports are then fed into the casualty database and associated to
IMO number and other important vessel characteristics. The primary goal is to provide a detailed
database to marine and insurance sectors, e.g., to class societies, insurers, government and organisations
for any type of analysis.
There 142 specific vessel types are defined allowing isolation of casualties to fleet segment. For example,
it is possible to determine fully cellular container vessels as well as those vessels that would be part
unitised carrier.
In addition to the above, LMIU provides detailed data for all vessels >100gt in terms of specific
characteristics represented by up to 140 data fields including IMO number, hull type, capacity and tank
alignment. Any of these vessel fields can be associated to the casualty database.

3.2.2 Accident Categories
All casualty records in the database are tagged as serious or non-serious, where an event is considered
serious if one of the following situations applies:
•

Serious structural or machinery damage likely to result in a vessel being declared a constructive
total loss;

•

Structural or machinery damage rendering a vessel unseaworthy or requiring extensive repairs

•

Disablement or breakdown, resulting in a vessel requiring assistance of salvors or the
abandonment of the voyage or a vessel being taken out of service for a reasonable period;

•

Any other incident resulting in damage considered serious enough to prevent a vessel from
continuing in service.

Hence, a serious event is a breakdown resulting in the ship being towed or requiring assistance from
ashore; flooding of any compartment; or structural, mechanical or electrical damage requiring repairs
before the ship can continue trading. All other events are considered non-serious. In case of a total loss,
the ship ceases to exist after a casualty, either due to it being irrecoverable (actual total loss) or due to it
being subsequently broken up (constructive total loss). The latter occurs when the cost of repair would
exceed the insured value of the ship.
A reported casualty is also assigned a category assumed responsible for the initial failure, also called
initial cause. These categories are defined in the following table.
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Table 2: Initial causes for LMIU database

Initial Cause

Code

Description

Collision

CN

Striking or being struck by another ship, regardless of whether under way,
anchored or moored. This category does not include striking under water
wrecks.

Contact

CT

Striking or being struck by any fixed or floating object, but not a ship or the
sea bottom. This category includes striking drilling rigs/platforms, regardless
of whether in fixed position or in tow.

Foundered

FD

Includes ships which sank as a result of heavy weather, vessel springing
leaks, breaking in two, and not as a result of the other categories.

Fire/Explosion

FX

Accidents where the fire and/or explosion is the initial event reported (except
where first event is hull/machinery failure leading to fire/explosion)

Hull Damage

HL

Structural failure, holes, cracks, that can result in the ingress of water and/or
loss of strength and/or stability.

War Loss

LT

Encompasses damage or other incidents occasioned to ships by hostile acts.

Missing

MG

Ship whose fate is undetermined with no information having being received
of conditions and whereabouts after a reasonable period of time. (Overdue)

Machinery
Damage /
Failure

MY

Machinery or equipment damage or failure which is not attributable to any
of the other seven categories. Examples are lost rudder or fouled propeller.

Piracy

PY

Wrecked /
Stranded

WS

Includes ships reported hard and fast for an appreciable period of time and
cases reported hitting or touching sea bottom. This category includes
entanglement on under water objects like wrecks.

Miscellaneous

XX

Includes ships which have been lost or damaged which, for want of
sufficient information, or for other reasons, cannot be classified.

3.2.3 Casualty Records for Container Ships
The LMIU database contains five ship types related to carriage of containers, see Table 3. Only these
were analyzed in the following.
Table 3: LMIU types of container ships

Code
BCB
GPC

Bulk / Container Carrier
Part Container Carrier

UCC

Container/ Unitised
Container

URC

RoRo/ Container Carrier

UCR

Reefer Container Carrier

Description
A bulk carrier that can carry containers in the holds or on deck.
A general cargo vessel with one or more holds that may carry
containers in the hold or on deck.
A unitised carrier where the arrangement of holds would
accommodate cellular guides specifically for the carriage of
containers. (Under this type we would include vessels that are
fully cellular or not, and we can indicate Y or N if necessary).
A RoRo ship where much of the vessel consists of cellular holds
and the garage deck is normally restricted to the aft of the
superstructure.
A reefer ship that can carry containers, plus have reefer sockets for
the carriage of refrigerated containers.
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All entries related to these ship types have been fetched from the database for analysis. The results can be
seen in the table below.
Table 4: Subcategories of container ships with casualty reports in LMIU

Ship Type

Ships

Year of Build

Casualties

Bulk / Container Carrier

142

1966 - 2000

236

Part Container Carrier

78

1960 - 2000

130

Container/ Unitised Container

1.321

1944 - 2004

1.856

Reefer Container Carrier

10

1967 - 1992

17

RoRo/ Container Carrier

95

1969 - 1993

159

total

1.646

1944 - 2004

2.398

Figure 6 shows all reported container ships in the database by ship type and casualties per ship type.
These diagrams suggest a good correlation between ship type and casualties, which indeed can be derived
from a more detailed analysis.
Distribution of Ship Type

Distribution of Casualities

[total 1.646 ships]

[total 2.398 casualties]
77%

79%

5%

9%

6%

1%

1%

BCB - Bulk / Container Carrier

GPC - Part Container Carrier

UCC - Container/ Unitised Container

UCR - Reefer Container Carrier

URC - RoRo/ Container Carrier

7%
5%

BCB - Bulk / Container Carrier
UCC - Container/ Unitised Container
URC - RoRo/ Container Carrier

10%

GPC - Part Container Carrier
UCR - Reefer Container Carrier

Figure 6: Distribution of ships with casualties reported (left) and casualties per ship type (right)

For both number of ships and number of casualties the ship type UCC is considered representative.
Additionally, by analysing both absolute number and building year one can conclude, that the number of
combined carriers (of type BCB, GPC, URC, UCR) is decreasing sharply.
In addition to the overall numbers of ships involved in casualties, it is also important to study the
distribution over time. Figure 7 shows that distribution for the 2,398 incidents and 1,646 ships.
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Distribution of casualties
[total 2.398]
250

number

200
150
100
50
0
1980 1983 1986 1989 1992 1995 1998 2001 2004

year
Figure 7: Distribution of casualties over time

It is obvious that casualty reports are homogeneous only for the period 1993 – 2004. Considering this
period, the basic population contains 1,673 reported incidents. This corresponds to
•

69.8 % with regard to all incident reports (2,398) and

•

90.1 % with regard to all incident reports for UCC (1,856).

Finally, most container ships were built since 1990, when a significant changes in classification rules for
container ships was introduced like improved damage stability requirements / probabilistic damage
calculation. Those ships are modern designs not older than 15 years maximum.
Due to the reasoning above, for the rest of this section we restrict the analysis to the following:
•

Unitised container carriers (UCC) with

•

Year of build 1990 or later and

•

casualty reports for the period 1993 – 2004

This subset is considered representative for current container ships. It leaves a set of 662 ships with 858
incident reports for further analysis. The corresponding average incident rate is 1.3 per ship.
Figure 8 shows the initial causes for reported UCC casualties. A first analysis reveals that 2/3 of all
reported incidents fall into the categories “Collision”, “Machinery Damage/Failure” and “Contact”.
Those are obviously the most important categories at which a closer look should be taken during the
hazard identification. This, however, does not exclude any other scenario. While category
“Miscellaneous” (13%) needs a deeper analysis of text fields, “Foundering” and “War losses” are
marginal for the period under consideration. Comparing this distribution against all incident reports for
UCC (1,856), no major differences can be identified.
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Distribution of Initial Cause Code
[total 858 casualties]

25%
29%

COLLISION
MACHINERY
MISCELLANEOUS
WRECKED/STRANDED
FIRE/EXPLOSION
CONTACT

13%

0%

PIRACY
HULL DAMAGE

0%

3%

5%

7%

6%

12%

FOUNDERED
WAR LOSS/ HOSTILITIES

Figure 8: Distribution of Initial Cause Code for UCC build since 1990

Figure 9 illustrates the impact of the building year on initial casualty cause. Notwithstanding a more
detailed analysis, one can easily notice a sharp drop in casualties for ships build since 1999 almost
proportionally in all categories. However, before using these numbers to determine frequencies they must
be related to the ratio between the vessels lifetime and the period under investigation. For actually doing
this the concept “ship year” is needed, which is introduced later in this document.
Furthermore, casualties according to piracy almost vanished for these newer ships.

Casualties reported by Year of Build
[UCC since 1990, total 858]

120
FOUNDERED
HULL DAMAGE

100
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Figure 9: Reported UCC casualties build since 1990 by year of build

Finally, the casualty statistics was also analysed with respect to the seriousness in incidents. Each
reported incident is classified as serious or non-serious according to the definition above. Some 20 % of
the UCC incidents considered here were reported as “serious’. From those incidents, the most significant
consequences are total loss and fatalities. Hereby the following definition from LMIU is used:
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“A total loss is where the ship ceases to exist after a casualty, either due to it being irrecoverable (Actual
Total Loss, ATL) or due to it being subsequently broken up (Constructive Total Loss, CTL). The latter
occurs when the cost of repair would exceed the insured value of the ship.”
Four (4) total losses (3 Actual Loss, 1 Constructive Loss) have been recorded for UCC incidents within
the considered period as described above.
Regarding people injured, killed or missing, the reports contained the following details for the period
under investigation:
•

Nine people died through fire in 4 fire incidents.

•

In two collisions, six people went missing.

•

In an incident not described in further detail, five people were injured and one person killed.

Further information about maritime accidents is available from, e.g., IMO [23] who publishes annual
reports of serious and very serious casualties as well as from insurances doing casualty analysis [24].
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4 Problem Definition
4.1 Scope and Boundaries
Container ships are means of transportation involved in world trade activities. Their function is to carry
large quantities of goods of varying value, often over long distances. These commercial activities involve
potential hazards. Ships, crew and cargo are exposed to certain risks, i.e. to potential loss of lives or loss
of property. These risks need to be evaluated and controlled. Evaluation includes identification, ranking
and quantification. “Controlling a risk” means either to reduce the frequency of occurrence of an
unwanted event and/or to mitigate its consequences. However, controlling a risk comes at a cost that
needs to be balanced against potential revenues. Furthermore, international regulations are in place to
protect people and environment beyond pure economic considerations.
The main goal of project SP4.4 is to identify and document the current safety level for standard designs of
today’s container ships, which are conformant to current rules and regulations. One fundamental
assumption is that the safety level of a typical ship is equivalent to the safety level of current rules and
regulations. However, ships can have higher safety levels due to commercial reasons.
Quantitative risk models, especially risk-cost-models will provide a basis for rational decision making,
not only for individual shipping companies, but also for the society, represented by, e.g., the International
Maritime Organisation IMO. There is no doubt, that also insurance and reinsurance companies possess
their own quantitative risk models, but those are not publicly available. Assuming that the risk models
developed in SAFEDOR represent the current safety level, they can be used as reference against which
any new risk control option can be measured. In that way, it would be much easier to determine the value
of potential safety improvements. Furthermore, a risk-model provides transparency and defines all risk
contribution as well as their interaction.
The identification of hazards is a prerequisite for modelling and quantifying the risk. In order to identify
relevant hazards for a container ship, all relevant operation modes and accident categories need to be
listed and considered. Starting from those lists, some operation modes and accident categories will turn
out more important than others that may possibly be ignored later on, if they seem to be minor according
to statistical data or expert opinion.
It was discussed and agreed between all projects involved in WP4 that establishing and harmonising the
risk models is the primary focus of all projects, whereas identification of risk control options (RCOs) was
considered of secondary importance. However, a limited number of risk control options will be
considered, either identified by tasks T4.4.2 and T4.4.3 or provided by external sources, e.g., projects
SP6.8 and SP2.3.
It was decided between all projects involved in WP4 that a detailed investigation of security issues is out
of scope as this is already addressed by, e.g. other research projects, initiatives, and regulations.

4.2 Relevant Risk Types
Within this study, the following risk types are considered relevant:
•

Risk to people, i.e. to crew members, pilot and harbour personnel

•

Risk to environment, i.e. to shores, sea, and port areas, air

•

Risk to property, i.e. to cargo and ship

The consideration of following risks is excluded from this study:
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•

Risk to passenger,

•

Risk to third party property other than cargo, e.g. damages to shore-site buildings, installations,
cranes in port, bridges, waterways, etc.

•

Risk to other ships, e.g. struck ship during collision.

•

Loss of business by interruption of service or image loss of the operating company

4.3 Regulations affected
The main purpose of this project is to establish and document the overall safety level of container ships.
As all seagoing ships container ships are designed, built and operated according to international
regulations and classification rules, i.e. standards, set out by classification societies. Common Structural
Rules have been developed jointly by classification societies recently for bulk carrier and tankers and
similar developments are expected for container ships. Furthermore, a large number of international and
possibly national rules, regulations and guidelines for design and operation apply, including, but not
limited to MARPOL, SOLAS [1], International Convention on Load Lines, STCW etc. Many of these
resolutions and guidelines are developed and maintained by IMO. Some regulations are applicable to
specific ship types or designs as, for instance, the guidelines for open-top constructions [2]. Others are
related to the cargo transported such as “The International Convention for Safe Containers” (CSC) [11]
and the “International Maritime Dangerous Goods” (IMDG) Code [12]. Overall, many rules and
regulations apply, but they are far too numerous to be listed completely.
However, the main objective of this project is not to propose regulatory changes, but instead to suggest
an FSA to IMO as “rule commentary” capturing the intentions of the classification rules. Such a
document would be valuable in the upcoming FSA review process currently under discussion at IMO as it
would speed up the verification and approval of future FSAs. Furthermore, the risk model to be
developed will be used
•

To determine areas were the safety level needs to be improved,

•

To determine effects of new regulations on existing ships and

•

To determine the cost-effectiveness of regulations introduced recently.

One example of the latter would be the “Interim Guidelines for Open-Top Container ships” [2]. It is of
particular interest to design project SP6.8 of SAFEDOR, whether the measures described in that
document are cost-effective or whether more cost-effective alternatives are possible yielding the same
effect.
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5 Generic Model
5.1 Ship Type
This study is limited to container ships only, where a container ship is defined as sea-going vessel
specifically designed, constructed and equipped with the appropriate facilities to carry cargo containers.
These containers are stowed in cargo spaces, i.e. in cargo holds below or above deck. A fully cellular
containership carries only containers. It has cell-guides under deck and necessary fittings and equipment
on deck. It is important to note that ships differ in their equipment installed to loading and unloading.
When a ship is equipped with onboard cranes, then loading und unloading containers can proceed without
shore-site cranes or bridges required. A ship with onboard cranes is commonly referred to as “geared
ship”. While the larger containerships usually do not have cranes onboard, smaller ships may have. Those
smaller ships often operate in areas, where the ports are small and not technically equipped with container
terminals or sometimes not even with shored based cranes.
An open top containership is a vessel designed for the carriage of containers in holds that are not fitted
with hatch covers. In cross section, it is “U” shaped, with a double bottom and high coamings on the
upper deck to protect the cargo holds and without a complete deck above the moulded draft. A complete
deck is one, which extends from stem to stern and side-to-side at all points of its length.
In order to issue a class notation “CONTAINER SHIP” approval and/or testing of lashing elements
according to the classification society’s rules; as well as the approval of container stowage and lashing
plans is required [3].
In the following only fully cellular containerships are considered. They include container ships where a
number of refrigerated (or reefer) containers can be placed in dedicated positions with electric connection,
so-called reefer-plugs. These places can be on deck or in hold, but no reefers will be stowed at the outer
row.
General purpose ships capable of carrying containers as well as other combined carriers are excluded as
their number is very small compared to full container carrier.
A basic assumption is that a container ship is build according to technical regulation and rules of a
recognized classification society.

Figure 10: Modern, fully cellular container vessel
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5.2 Type of Cargo
A container is a metal box in standardized format able to carry almost any kind of goods. It is build from
a steel frame with bottom girders together with corrugated top and side panels made from steel or
aluminium. It is designed for homogeneous loads up to 2.5 tons per square meter.
The most common type of container is the general-purpose (GP) container, but there are other types of
container, e.g. reefer and ducted reefer container (needs a connection to an onboard cooling unit). Some
containers have a controlled atmosphere. Other container types include open-top, hard-top, platform, flat
racks (foldable), tank container (cylinder with outer frame), isolating, cooling, bulk container, special
purpose (e.g. for dangerous goods, partially with own cooling generator).
There are two standards sizes for containers 20 and 40 feet, respectively. These are referred to as TwentyFeet-Equivalent Unit (TEU) and Forty-Feet Equivalent Unit (FEU), respectively. Other sizes are
possible, but much less common.
Table 5: Characteristics of most common container types [24]

Type
TEU
FEU

Length
20 ft
40 ft

Breadth
8 ft
8 ft

Height
8 ft
8 ft

Volume [m³]
33
67

Net weight [t]
2 – 2.5
3.5 – 4

Payload [t]
20 – 28
28 – 33

According to [6] the average value of a container is 1795 US$ per ton which is equivalent to 20.000 US $
per TEU or 36.500 US $ per FEU. Other sources use $44,346 as arithmetic average for the cargo value
per TEU [10].

5.3 Ship Size
Since the first pure container ships have been built in the early 1960ies, their design has changed
significantly. As they developed over time, a notation of subcategories, otherwise known as container
ship generations, has been introduced. These subcategories are characterised by characteristic values for,
e.g., length overall (LOA), beam, and draught as well as deadweight tonnage (DWT) and container
transport capacity (TEU) as listed in Table 6 below. Not all ships are matching all the criteria; however,
the definition can be taken as guideline. The predominant value is the beam as this determines how many
containers rows are possible (due to standard size of containers).
Table 6: Subcategories of containerships by main particulars

Subcategory
Post-Panamax
Panamax
Sub-Panamax
Handysize
Feedermax
Feeder

LOA [m]
300
280
200
170
130
110

Beam [m]
>32.27
<32.27
30.5
26.0
20.5
18.0

Draught [m]
14.0
12.2
11.5
9.5
7.5
6.5

DWT [t]
>62,000
<62,000
35,000
20,000
10,000
6,000

TEU Capacity
>4400
3000 - 4400
2000 - 3000
1000 - 2000
500 - 1000
100 - 500

Container ships built today are as large as 9000 TEU and even bigger ships are under planning, hence a
new category may come up. However, describing a ship in terms of its TEU capacity requires additional
explanation. Normally, this capacity is a theoretical value describing how many containers could be
transported, when only geometry was considered and masses were ignored. This measure is very
common. There is one important exception, which is the Maersk Sealand line. They do not publish the
TEU capacity, but instead the maximum load capacity in terms of TEUs according to a homogeneous
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load of 14 tonne per container which is always less than the nominal TEU capacity. The difference
between the former and the latter can be several thousand TEU.
Looking at both the number of ships and their TEU capacity the world fleet is segmented into two major
groups: smaller, so-called feeder vessels and larger vessels with a huge capacity. As Table 4 shows,
bigger vessels (Panamax, PostPanamax) provide more than 53 % of the total transport capacity while
smaller vessels (Feeder, FeederMax, HandySize) comprise nearly 61 % of the total number of ships.
Therefore, it was decided to use two different designs as representative ships, one for a feeder vessel and
a second one for large liner vessel. Both designs do not only differ in term of size, but also with respect to
their operation. While feeder operation is typically characterised by relatively short distances with many
stays in port and frequent changes in cargo and route, the converse is true for liner vessels operating
according to a fixed schedule for a relatively long period. There operating profile includes less stays in
port, but more open sea voyage. Smaller vessels are more often geared than larger vessels, loading and
unloading takes more time for the bigger ships.
The average crew size across all container vessels is about 25, where the actual number depends on the
ship size. For example, the largest ship in 2003 “OOCL Shenzen” (capacity 8,063 TEU, speed 25.2 kn)
has a crew of 19.
For this study, no limitations concerning upper or lower size apply. The two reference designs are
described in more detail below.

5.3.1 Feeder vessel – Aker CS 1700
This section describes an existing design Feeder C322B and C 321B by Aker with a capacity of 1,700
TEU. Ten ships of this type are currently on order, thereof four with cranes. Although this design is larger
than the traditional feeders, it is intended for feeder operations. See Figure 11 for main dimensions and
other characteristic values.

Figure 11: Principal characteristics for Aker CS 1700

Some of the main features, construction details, existing safety measures, and typical systems are outlined
below.
There are several variants of the design differing in main engine, propeller and loading equipment.
Concerning loading equipment, the two main variants are:
• 3 cargo cranes installed
•

spaces for 3 cargo cranes, but not fitted

Regarding the main engine, manufactured by MAN, and propulsion, the options are:
•

2-stroke main engine, fixed pitch propeller

•

4-stroke main engine, variable pitch propeller
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The ship has four cargo holds and nine hatches. There is no special cargo hold for dangerous goods. Fire
detection is installed in all cargo holds. For fire extinguishing CO2 is used. The standard design is not
equipped for highest class of dangerous goods, but class 1.4, otherwise water spray system would be
required in cargo hold 1. No reefer containers are to be transported in cargo holds.
Remark: For open top ships, CO2 cannot be used for fire fighting; instead, mainly water spray systems are
installed.
Concerning steel structure, the double bottom contains void spaces for piping (similar to piping duct)
which are not accessible. There are no fuel tanks in double bottom. Some fuel tanks are located below the
cranes. Electrical power is supplied by shore connection or from board-side generator.
Cell guides are typically only for 40 ft containers, with rare exceptions in which case the ship is equipped
with cell guides for 53 ft containers.

Figure 12: General arrangement plan, side view

Figure 13: General arrangement plan, top view

5.3.2 PostPanamax vessel – Norasia Enterprise
A PostPanamax design with a capacity of 4,400 TEU was chosen as second generic ship. Please refer to
Table 20, Table 21, and Table 22 in Annex A.3 for main particulars and other characteristics.
The crew size is 21. The ship has a double hull. All hatches are weather tight. There is CO2-firefighting
installed in all cargo holds. Fuel tanks are located inside shell and double bottom. The ship is equipped
with anti-heeling system, which is standard for container ships.

Figure 14: 4400 TEU PostPanamax
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5.4 Ship Age
The design of containerships has changed significantly since the first ships have been built in the early
1960ies. Classification rules and regulations have been improved continuously over time. The latest
significant changes have been in the early 1990ies. Therefore, for this study only current designs are
considered, i.e. ships build since 1990. This is also in compliance with the fact, that 60 % of ships is 10
years or younger. New designs are included as long as they conform to the classification rules.

5.5 Ship Functions
A breakdown of the major functions of a container ship is shown in Figure 15.

Figure 15: Functional breakdown of a container ship

5.6 Operational Modes
For container vessels, there are two main operational patterns, called line operation and feeder operation.
Ships on line operation sail on a fixed route with a limited number of ports. They operate according to a
schedule with fixed departures and arrival times. These schedules enable long term planning for the
transport of large quantities. Ships in line operation typically have a large TEU capacity. Major line trades
are Europe – North America, Europe – East Asia.
Feeder ships typically operate on short passages, along the coast, in the Baltic etc. Compared to line
operation they have a smaller capacity. Their routes and departure times are dominated by demand, i.e.
they are much more flexible. Additionally, some areas are accessible only for ships with limited draught
and breadth. For the relation between capacity and operation pattern see Table 7.
Table 7: Ship types by capacity and typical operational pattern

Subcategory
Feeder
Medium size
Large

TEU Capacity
150 – 800
1000 – 2500
3000 – 8000

Operational pattern
Feeder
Feeder, Line operation
Intercontinental line operation

From the operational modes of a container ship, the following were chosen to be in scope of this study:
•

Open sea transit

•

Coastal transit (without pilot)
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•

Port operations (with pilot)

•

Loading / unloading at berth

All other operation modes were excluded from this study, for example:
•

Maintenance and inspection

•

Scrapping

•

Bunkering
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6 Method of Work
6.1 General Approach
The identification of all relevant hazards for the operation of containerships is the first step in this Formal
Safety Assessment. It is obviously a complex task, even when done on high-level. Therefore, it was
decided to divide the scope into smaller units. As a result, based on the modes of operation as defined in
section 5.6, three major subjects were identified:
•

Loading / unloading at berth

•

Operations in port, restricted and coastal waters

•

Open sea voyage

For each of these subjects an expert group meeting took place at Germanischer Lloyd head office in
Hamburg on 2005-06-02, 2005-06-03 and 2005-06-20 respectively.

6.1.1 Procedure
The meetings were organised as round-table discussions moderated by a trained FSA facilitator. The IMO
guidelines recommend this procedure as an efficient means to discover unusual hazards and to establish a
comprehensive list. All meetings were structured according to the following agenda:
• Introduction to methodology, presentation of background and examples
• Brainstorming to identify potential hazards
• Grouping, sorting, and consolidating the list of identified hazards and elaborating more detailed
descriptions
• For each hazard, identification of causes and consequences
• Rating severity and frequency for each hazard
For each hazard, a short verbal description was taken, together with one or more causes and one or more
consequences. Preventive and mitigating safeguards as well as related rules and regulation were recorded
in some obvious cases, but those were not in the focus here.
The result is a list of prioritized hazards. It is important to note, that this result is both qualitative and
subjective. It is qualitative because the absolute risk figures are not relevant. It is subjective, because it
depends on the individual experts’ opinion.
There was no special approach to address human factors, but those were addressed by including potential
operational errors for each hazard under consideration.

6.1.2 Expert teams
The expert team composition is crucial for the success. Hence, experts from the project partners and
selected external companies were invited based on a knowledge profile defined along modes of operation.
The participants represented design, operation and regulation views, see Annex A.3 for a detailed list of
participants and their professional background. Although there was an overlap between the expert groups,
other participants took part in specific meetings on a case-by-case basis.
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6.2 Failure Mode and Effects Analysis
6.2.1 Methodology
Failure Mode and Effects Analysis (FMEA) is a technique originally developed in the context of
systems engineering. Its purpose is to identify and analyse potential failures for products or processes in a
systematic way. The result is a prioritized list of risks together with a number of options to reduce the
probability of risk and/or actions to mitigate the consequences. The starting point is a description of the
system under investigation. The system is usually broken down, by either function, system or physical
components. For this decomposition, all potential failure modes contributing to the overall system failure
(“top event”) are identified and listed. Then, each failure condition is examined with respect to effects,
causes, severity, probability of occurrence, and regulatory provisions. When discussing a failure condition
the following aspects are taken into account:
•

Operating conditions (voyage, port operations)

•

Type of cargo (e.g. dangerous goods)

•

Vessel specific features

After the consequences are identified, the experts estimate per consequence how often it may occur and
what is the impact compared to “normal” system operation. The two main elements involved are
•

Severity, and

•

Frequency of occurrence.

Some variants of the method also consider the possibility to detect a failure, but the so-called detectability
is not considered here, as those options are difficult to identify for high-level hazards.
The outcome of this technique is documented in tabular form. All tables produced in this project are
contained in Annex A.6. Their format is similar to the format suggested in [6].
Within this study different types of consequences (loss of life, environmental damage, and loss of
property, i.e. ship and cargo) are considered simultaneously, leading to different types of risk. This
necessitates capturing multiple severity indices.
By looking at potential failures with high priority, it becomes possible to decide upon actions leading to
risk reduction, usually by reducing likelihood of occurrence, reducing the consequences, and improving
the controls for detecting a failure.
However, FMEA methodology does not consider combinations of failure modes or failure causes.

6.2.2 Multiple consequences
Evaluating the risk for a complex failure mode is not straightforward, since a number of potential causes
and consequences may be involved. It is difficult, if not impossible to assign unique indices for frequency
and severity directly. Instead, it is necessary to break up the consequences (not necessarily the causes)
and then to assign a severity index first, before a corresponding frequency index is specified. The result
is, that for a complex failure mode, multiple risk indices are produced each associated to a particular
consequence. Subsequently, the maximum risk is assigned to the failure mode. Please note that this
procedure is different to a “worst case evaluation”, in which the highest frequency is combined with the
most severe consequence.
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6.3 Rating Criteria
To achieve comparable results across the different FSA studies undertaken within work package 4, the
subprojects agreed to use common criteria to characterize frequency and severity of hazardous events.
Although the FSA guidelines [6] already specify criteria, a need for more specific and verbose
explanations was felt. This led to the use of an adapted, extended version of the guidelines, taking into
account the results of other projects [25]. Additionally, the guidelines do not contain any criteria
concerning environmental damage or loss of property other than the ship itself. Those criteria were added
following discussions within WP4.
Risk (of failure) is defined as combination of both Severity and Frequency:
R = F * S,
This can be expressed on a logarithmic scale as
ln(R) = ln (F) + ln (S), or
RI = FI + SI,
where the associated number RI, FI, and SI denote Risk Index, Frequency index and Severity Index,
respectively. FI and SI are specified as integer numbers ranging between one and eight and one and 5,
respectively. Due to their logarithmic nature, increasing an index by one is equivalent to an increase by an
order of magnitude of the associated quantity, e.g. from 10-3 to 10-2.

6.3.1 Frequency
The frequency index is defined as an integer indicating how often a specific hazardous event or scenario
is expected. Starting from the frequency table specified in Appendix 4 of the FSA guidelines [6],
intermediate scales (6, 4 and 2) were introduced explicitly together with a verbal description. The
additions are typeset in italics, see Table 8. A rating of “1” indicates a very rare occurrence, higher ratings
relate to the likelihood of occurrence during the lifetime of a considered component.
Furthermore, the original table was extended by introducing a new index “8” describing events that occur
even more than once a month. The purpose of this change was to achieve a more complete coverage.
However, events with such a high frequency did not become relevant in this study. Other extensions were
discussed, but it was left to the individual project to extend the table when needed.
To enable a comparison between different frequencies, one must normalize them in some way. For this
purpose, the “ship year” concept is used. A ship year is equivalent to one ship operating for one year and,
likewise, ten ship years are equivalent to one ship operating for 10 years or 10 ships operating for one
year. This concept is an abstraction with the main idea that in both scenarios a certain number of ships are
exposed to hazards for a specific time.
Table 8: Harmonised table of frequencies, based on [6]
FI

Frequency

Definition

8
7
6
5

Very frequent
Frequent
Probable
Reasonably probable

4
3

Unlikely
Remote

2
1

Very remote
Extremely remote

Likely to happen once or twice a week
Likely to occur once per month on one ship
Likely to occur once per year on one ship
Likely to occur once per year in a fleet of 10 ships, i.e. likely
to occur a few times during the ship’s life
Likely to occur once per year in a fleet of 100 ships
Likely to occur once per year in a fleet of 1,000 ships, i.e.
likely to occur in the total life of several similar ships
Likely to occur once per year in a fleet of 10,000 ships
Likely to occur once in the lifetime (20 years) of a world fleet
of 5,000 ships
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In order to make the verbal descriptions handier, some of them were translated into more specific terms,
taking into account the ship type. Assuming that the world container fleet in 2004 consisted of 3500 ships
the result is documented in Table 9. While Table 8 is useful for reasons of standardisation, Table 9 proved
to be useful for practical ratings by the experts.
Table 9: Translated table of frequencies2
FI

Frequency

Definition

8
7
6
5
4
3
2
1

Very frequent
Frequent
Probable
Reasonably probable
Unlikely
Remote
Very remote
Extremely remote

As above
As above
As above
As above
Likely to occur 30 times per year in the world container fleet
Likely to occur 3 times per year in the world container fleet
Likely to occur every 3rd year in the world container fleet
Likely to occur once in the lifetime (30 years) of the world
container fleet

F
(per ship year)
100
10
1
0.1
0.01
0.001
0.0001
0.00001

A first indication about the number of hazardous events sorted by accident category was given in Figure
8. However, this should be taken as lower limit as it does not account for near misses and unreported
events. Concerning the outcome “loss of containers” various estimates can be found in literature, e.g.
between 2.000 and 10.000 containers per year [10].

6.3.2 Severity
The severity index is defined as an integer indicating the severity of the failure’s effect, i.e. how severe
the consequences of a specific hazardous event or scenario are expected. Starting from the severity table
specified in Appendix 4 of the FSA guidelines [6], additional scales were introduced for environmental
consequences and property related consequences other than the ship itself. A more verbal description was
added for the effects on a ship. Regarding human safety, the value of “equivalent fatalities” was taken
from the guidelines. In all other cases, a monetary equivalent was specified to make the categories
comparable. For the severity of environmental damages, the phrases have been adopted from US Coast
Guard Guidelines on risk-based decision-making [25]. As before, the additions are typeset in italics, see
Table 10. The wording used in [6] for “effects on ship” is proposed to also be used for all effects on
property (including the ship and third parties).
A rating of “1” means almost no disturbance, while “5” indicates a catastrophic consequence involving
many lives, a large amount of cargo or the complete loss of ship.

2

This table starts with the highest frequency, which is different to the guidelines [6]. This was done to improve
consistency with the severity table, also starting with the most severe impact.
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Table 10: Harmonised table of severities, based on [6]
Human safety

Property Related

Environment
related

SI

Severity

Human
Safety

Equivalent
fatalities

Effect on
ship

Cargo

3rd Party
assets

5

Disastrous

Large
number
of
fatalities

100

total loss
(of, e.g. a
large
merchant
ship)

US$
300
million

major
public
interest

4

Catastrophic

Multiple
fatalities

10

total loss
(of, e.g. a
medium
size
merchant
ship)

US$
30
million

extensive
damage

US$
30
million

3

Severe

Single
fatality
or
multiple
severe
injuries

1

US$
3
million

severe
damage in
vicinity of
ship

US$
3 million

2

Significant

Multiple
or
severe
injuries

0.1

Severe
damage
(yard
repair
required,
downtime
< 1 week)
non-severe
ship
damage
(port stay
required,
downtime
1 day)

US$
300.000

significant
damage

US$
300.000

1

Minor

Single
or minor
injuries

0.01

Local
equipment
damage
(repair on
board
possible,
downtime
negligible)

US$
30.000

minor
damage

US$
30.000

Other
Monetary
Losses
US$
300
million

uncontrolled
pollution
long-term effect
on recipients
long-term
disruption of the
ecosystem
severe pollution
medium-term
effect on
recipients
medium-term
disruption of the
ecosystem
major release
effects on
recipients
short term
disruption of the
ecosystem
minor release
minimal acute
environmental or
public health
impact
small, but
detectable
environmental
consequences
negligible release
negligible
pollution
no acute
environmental or
public health
impact

The original table was extended by introducing a new index “5” describing consequences that are a
magnitude larger than for “4”. In the context of containership operation, this is a realistic order, especially
considering the potential value of cargo for today’s largest ships. Please note, that the entries are sorted
starting from most severe consequences. This corresponds to the frequency tables above, but is different
to the FSA guidelines [6].
To enable better estimates of consequences, some figures are collected from literature.
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The crew size of a container ship depends on its size. However, a crew of 25 is typical for medium size
and large container ships.
To determine the value of cargo, we use average values of 1800 $ per ton [24] and 14 tons per container
(used for homogeneous load calculations). This leads to an average of 25,200 $ per container. From there
it is straightforward to calculate the impact of loss or damage of 10 or 100 containers. Hence, the loss of
the complete payload of a 6,000 TEU container ship would range in the order of 6,000 TEU * 25,000
$/TEU = 150 Mio $.
The value of the ship varies very much depending on the market for new buildings and second hand ships.
Exact prices as well as tendencies are listed very detailed in [22]. The prices of new buildings decrease in
2002, but now, prices move up again. This is illustrated by following examples [28]:
•

Costs for a 4,600 TEU ship have fallen from $52m (end of 2001) to $45m (end of 2002).

•

Cost for a 6,200 TEU ship dropped from $72m (end of 2001) to $60m (end of 2002).

•

A series of five 7.800 TEU ships built by Samsung and chartered to China Shipping are reported
to be sold at $71m per unit.

As the average vessel is getting larger and larger, their value is increasing, too. Consequently, it can be
derived from the previous, that value of the payload exceeds the value of the ship a couple of times, at
least for larger ships.
Loss of business is not considered here. However, to do this, charter rates of container ships are essential
input.

6.3.3 Risk Matrix
Risk is the combination of frequency and consequence of an unwanted event. As the result, the
(logarithmic) risk index RI is expressed as sum of frequency index FI and severity index SI. The result of
all possible combinations is presented in form of a risk matrix, see Table 11 below. Typically, this risk
matrix is used to identify regions with risk that is unacceptable, broadly acceptable, or acceptable with
potential for improvements. However, these so-called acceptance criteria were not used within this task.
Instead, the purpose was to establish a relative ranking of identified hazards and scenarios. Therefore, the
matrix is included for reasons of completeness, while paying more attention to scenario with higher
values. Please note, that the table is an extended version of the risk matrix provided in [6].
Table 11: Extended risk matrix, based on [6]

FI

FREQUENCY

8
7
6
5
4
3
2
1

Very frequent
Frequent
Probable
Reasonably probable
Unlikely
Remote
Very remote
Extremely remote

Risk (RI)
SEVERITY (SI)
1
2
Minor
Significant
9
10
8
9
7
8
6
7
5
6
4
5
3
4
2
3

3
Severe
11
10
9
8
7
6
5
4

4
Catastrophic
12
11
10
9
8
7
6
5

5
Disastrous
13
12
11
10
9
8
7
6

Compared to the “standard” risk matrix [6], the maximum risk index increased by 2, the risk range is
between 2 and 13.

Document Id. SAFEDOR-D-4.4.1-2005-11-30-GL-HAZID–rev-1.5

page 32 of 56

SAFEDOR

Date 2005-11-30
Hazard Identification for Container Ships
D 4.4.1

7 Hazard Analysis
7.1 Assumptions and Limitations
No particular assumptions or limitations are made with respect to ship type, ship age or operational
profile other than explained in section 4.

7.2 Hazard Identification
Three expert sessions were conducted aiming at identification and ranking of hazards. Each session was
devoted to a particular mode of operation because it seemed to be a good idea for identifying a required
knowledge profile:
•

Loading / unloading at berth

•

Operations in port, restricted and coastal waters

•

Open sea voyage

Within the sessions, the main accident categories were used as starting point for the brainstorming. These
categories were derived from the main accident categories used by casualty reporting schemes like LMIU
and others in the following way. See Appendix A.2 for a more detailed description. Starting from
• Collision
• Contact
• Foundering
• Fire / Explosion
• Hull Damage
• Labour / Dispute
• War Loss / Damaged during hostilities
• Missing
• Machinery Damage / Failure
• Piracy
• Wrecked / Stranded
• Miscellaneous,
the categories Labour / Dispute, War Loss, Missing and Miscellaneous were excluded from further
analysis. Collision + Contact, Hull Damage + Foundering were merged. Finally, new categories like
Container loss and Heavy rain were introduced, resulting in the following base list to be used for the
discussion.
•
•
•
•
•
•
•

Collision / Contact
Grounding / Stranding
Large ship motions
Fire / Explosion
Structural failure / Foundering
Machinery failure
Container loss
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•
•

Heavy rain, water ingress without damage
Unlawful act (piracy, security)

For each of the sessions only the relevant categories were included in the discussion.

7.2.1 Session I – Loading and unloading at berth
This operational mode assumes a ship fixed at berth for the purpose of loading and/or unloading. As the
ship is fixed, the categories Collision / Contact, Grounding / Stranding, Large ship motions, Piracy were
not considered relevant.

Figure 16: hazards during loading / unloading

The experts identified the following hazards (failure modes). The result is structured into groups.
1.
1.1
1.2
1.3
1.4
1.5
1.6

Loading/unloading operations
large motion of vessel at berth
container falling from crane
swinging container / hatch cover
stuck containers in cell guides
total weight and weight distribution do not match loading plan
movements of cargo within containers in heavy seas

2.
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8

Cargo
wrong declaration (labelling) of cargo (DG)
dangerous goods containers in wrong location
leakage from DG container (e.g. tank containers)
wrong loading sequence during discharging/charging
structural collapse of containers
malfunction of cranes (ship or shore based)
malfunction of anti-heeling system
malfunction of ballast system

3.
3.1
3.2
3.3

Fire and Explosion
fire in cargo hold
explosion in cargo hold
fire / explosion in engine room

4.
4.1
4.2
4.3

Lashing
damaged lashing gear (e.g. twist locks)
incorrect lashing
bad working conditions during lashing
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5.
5.1

Electrical System
loss of electrical power

6.
6.1
6.2
6.3
6.4

Piping System
malfunction of tank sounding sensors
bunkering overflow
blow up tanks (overpressure)
pumping contaminated water outside /leakage from cargo hold

7.
7.1

Human Error
communication problems

In summary, 29 hazards were identified in seven main categories. The level of detail in the descriptions is
varying, details can be found in Appendix A.1.

7.2.2 Session II – Operations in port, restricted and coastal waters
This operational mode assumes a ship navigating in port or sailing in restricted or coastal waters. At least
partly, these operations include pilot operation including takeover of pilot, mooring operations, tug
operation and navigation. The category Large ship motions was excluded as it does not seem to be
relevant. The category Piracy was excluded here as it was planned as subject for a different session.

Figure 17: Stranded container vessel

The experts identified the following groups of hazards:
1.
Collision
1.1
loss of propulsion
1.2
loss or reduction of steering
1.3
navigational failure
1.4
communication problem (internal ship, ship - shore)
1.5
mooring failure
1.6
tug assistance failure
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2.
2.1
2.2
2.3
2.4
2.5
2.6
2.7

Contact
loss of propulsion
loss or reduction of steering
navigational failure
communication problem (internal ship, ship - shore)
mooring failure
tug assistance failure
contact invisible floating obstacle

3.

Grounding /Stranding
same as above except invisible object

4.
4.1.
4.2
4.3

Miscellaneous
large heeling angle
shifting berth within a port with open hatches and unlashed container
pilot door or other openings are not correctly closed

5.
5.1
5.2
5.3
5.4
5.5

Fire & Explosion
fire in cargo hold
explosion in cargo hold
fire / explosion in engine room
cargo fire on deck
fire in deckhouse / accommodation area

6.
6.1
6.2
6.3
6.4

Structural failure (hull, watertight doors) including foundering
container support collapse
damage by tug
excessive forces on deck machinery
undetected cavitations

7.
7.1
7.2
7.3
7.4
7.5

Machinery failure
failure of non-redundant propulsion component
failure of non-redundant steering component
failure of common auxiliary system to main engine and diesel generators
failure of common auxiliary system to diesel generators
failure of common auxiliary system to main engine

8.
8.1
8.2
8.3

Boarding pilot
rough weather and sea conditions
failure or inadequate condition of access means (ladder, gangway)
operation at low speed

In total, 33 hazards were identified in eight main categories.

7.2.3 Session III – Open sea voyage
This operational mode assumes a ship sailing in international waters in line or feeder operation. Coastal
passages may be considered. Special attention was paid to the category Large ship motions and Piracy
because those are most relevant and have not been covered in previous sessions. Furthermore, other
categories were reconsidered when different consequences are to be expected due to large distances to the
next shore. The following groups of hazards were identified during the session:
Document Id. SAFEDOR-D-4.4.1-2005-11-30-GL-HAZID–rev-1.5

page 36 of 56

SAFEDOR

Date 2005-11-30
Hazard Identification for Container Ships
D 4.4.1

1.
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
1.10
1.11
1.12
1.13

Large Ship Motions
Loss of deck containers
shifting containers
inappropriate stowage of cargo inside container / on flat racks
structural failure of cell guides
extreme roll motions / parametric rolling
extreme pitch motions
propeller racing
bow slamming
loosening of equipment
green water due to head seas
green water due to beam and following seas
water ingress into fuel tanks
water ingress into day tank

2.
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8

Machinery failure
damage to auxiliary machinery
main engine failure
auxiliary engine failure
failure of non-redundant propulsion component
failure of non-redundant steering component
failure of common auxiliary system to main engine and diesel generators
failure of common auxiliary system to diesel generators
failure of non-redundant auxiliary system to main engine

3.
3.1

Extreme Weather
heavy rain (more than 10 litre per m²)

4.
4.1
4.2

Unlawful act (piracy, security)
piracy
bomb

5.
5.1
5.2

Structural failure (hull, watertight doors) including foundering
ballast water exchange
fatigue material

6.
6.1
6.2

Collision
communication problem (internal ship, ship - ship)
visibility line increased

7.
7.1

Contact
contact floating obstacle (container, iceberg)

In summary, 29 hazards were identified in seven main categories.

7.3 Hazard Ranking
This section describes methods and techniques used to carry out the assessment. The results are a
prioritized list of hazards and derived significant accident scenarios.
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7.3.1 Assessment procedure
During the expert sessions, the group identified failure modes, causes and effects jointly. For each failure
mode, multiple causes and consequences were identified. However, due to time constraints, the experts
needed to judge frequency and consequence individually and after the identification. The work sheets
were distributed to all participants, but not all participants submitted their assessment. In particular, the
project manager / secretary did not vote. One of the returned assessments was only partially filled. Table
12 shows the number of participating companies, persons and their votes.
Table 12: Participating companies, experts and their votes
Companies
Experts
Expert voting
Expert voting revised

Session I
5
9
8
8

Session II
4
9
8
8

Session III
4
8
6
5

Although general guidance for the assessment was provided, further clarification was required afterwards,
as there was too much room for interpretation. In particular, when there was no obvious consequence, the
corresponding field should be left blank rather than inserting the lowest severity index “1”. While in the
first case there is no corresponding risk index, there is a risk index in the second one. People were
instructed to assign the consequence first and then to assign the frequency associated to that particular
consequence. Frequency and consequence must be associated to each other, i.e. for a particular outcome,
the associated frequency must be used.
Upon receipt of the individual assessments, post-processing was done to prepare a consolidated table:
•

Remarks and comments were copied into the main work sheet and marked correspondingly,

•

Fields exceeding a predefined threshold value were marked in colour,

•

Minor editorial changes were introduced,

•

Minor adjustments were done, where failure mode and consequences did not match,

•

Minimum, maximum and range were calculated for risk index. Here the range is defined as
difference between maximum and minimum value of evaluations.

The next step was to produce a common, harmonised assessment together with a measure of agreement
based on the individual assessments received. To measure the level of agreement, various methods are
available. For example, one can use a statistical test against a probability distribution [26]. Another one
called “concordance matrix approach” is explained in [9]. It is based on the assumption that each
participant provides an unambiguous ranking in terms of natural numbers involving any number exactly
once. It is also important that all rankings involve the same number of items. Unfortunately, these
assumptions are not met in reality, since
•

The participants do not always assign frequency and consequence; leading to different number of
items in general, and

•

The numbering is not unique as the number of different risk indices (13 = 5 + 8) is significantly
smaller than the number of hazards, causing different failure modes to share one risk index.

Hence, the concordance matrix approach is not applicable.

7.3.2 Delphi method
Instead, the range of the risk index was used to characterize the level of agreement. For a significant
range (larger than 3), a re-evaluation was deemed necessary. For this, a type of Delphi technique was
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used. It is mainly a re-evaluation by all partners knowing all other assessments of the whole group. After
this iteration, the deviations were compared again. Annex A.5 shows the complete results.
When the level of agreement is known, still the actual agreed values need to be determined. For this, it
was decided to use the arithmetic mean of all votes. There are a number of options to determine average
values. Starting from individual assessments of frequency and severity, one could
1. calculate average frequency and average severity index, then determine the risk index, then do the
ranking, or
2. determine the individual risk index, then average risk indices, then do the ranking, or
3. determine the individual risk index, then do individual ranking and then average the rankings.
Generally, all cases lead to different results. Here, option 2 has been chosen.
Please note, that there is no quantification of frequency and severity for option 2, and no quantification of
frequency, severity, and risk for option 3. However, loss of information is acceptable in the current
context where the main interest is in the priority list or ranking.
Finally, the hazards are ranked according to their risk index. The results are sorted into different tables
according to the different types of risk under consideration (human life, environment, cargo, ship). These
tables are presented in the following sections. They are produced using risk index “7” as common
threshold value, i.e. all hazards equal to or larger than “7” are listed. There is no special reason for using
this value other than to get a manageable number of hazards for further evaluation. In addition, each type
of risk should be represented.
The primary purpose of choosing a threshold value is to select the “most serious” hazard for follow-up
investigations. It does not exclude any of the remaining hazards from further investigations.
The complete results of the analysis are documented in Annex A.6. The tables contain the mean value of
individual risk indices, according to case 2. Individual votes are not included, but can be made available
on request. The data would simply be too extensive without providing more inside.
For HAZID sessions I and III, the main differences were observed for frequency estimation. A reason for
this could be different background, experience and knowledge of casualty statistics and actual fleet size.
Hence, by providing more details on the latter together with the previous votes by all participants,
adjusting frequencies seemed to be achievable during a second round of voting.
For HAZID II, deviations were regarding both frequencies and severities. One reason for this might be a
lack of common understanding about the consequences. Especially, when the outcome is not described in
detail, there are some degrees of freedom left to interpretation. In order to solve this problem a discussion
would be needed. However, even if the magnitude of consequence is understood differently, it is still
possible that the resulting risk is similar, when the frequency is chosen accordingly.
Almost all experts participated in both the original and the revised voting. However, during the revised
voting, five participants from two companies did not change their original votes.
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7.3.3 Risk for Human Life
The highest risks with respect to human safety were identified for the following failure modes:
Table 13: Priority risks for human safety

Risk Failure
Index Mode ID

Category

7.4

I-4.3

Lashing

7.2
7.0
7.0
7.0

III-1.9
I-7.1
III-5.1
III-1.6

Failure Mode Description

Injuries or fatalities due to bad working conditions during
lashing (icy, wet floor)
Large Ship Motions Injuries or fatalities due to loosening of equipment
Human Error
Injuries or fatalities due to communication problems
Structural failure
Injuries or fatalities due to ballast water exchange
Large Ship Motions Injuries or fatalities due to extreme pitch motions

For HAZID II, there was no failure mode for human safety identified, exceeding the chosen threshold
value “7”.

7.3.4 Risk for Environment
The highest risks with respect to environmental damage were identified for the failure modes:
Table 14: Priority risks for environment

Risk Failure
Index Mode ID

Category

Failure Mode Description

9.0

III-1.3

9.0

III-1.11

7.3

II-1.4

7.0

II-3

7.0
7.0
7.0
7.0
7.0

II-6.2
II-7.4
I-2.1
I-7.1
III-7.1

7.0
7.0
7.0
7.0

III-1.2
III-1.6
III-1.10
III-3.1

Large Ship Motions Pollution due to inappropriate stowage of cargo inside
container / on flat racks
Large Ship Motions Pollution due to green water due to beam and following
seas
Collision
Pollution due to communication problem (internal ship,
ship - shore)
Grounding /
Pollution due to grounding or stranding
Stranding
Structural failure
Pollution due to damage by tug
Machinery failure
failure of common auxiliary system to diesel generators
Cargo related
Pollution by wrongly declared dangerous goods
Human Error
Pollution due to communication problems
Contact
Pollution due to contact with floating obstacle (container,
ice berg)
Large Ship Motions Pollution resulting from shifting containers
Large Ship Motions Pollution resulting from extreme pitch motions
Large Ship Motions Pollution resulting from green water due to head seas
Extreme Weather
Pollution due to heavy rain (more than 10 l/m2 per hour)

The rows marked in grey should be considered carefully. They may not be representative as they are due
to a single vote. This almost exclusively affects the scenario Large Ship Motions.

7.3.5 Risk for Cargo
The highest risks with respect to loss or damage of cargo were identified for the failure modes:
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Table 15: Priority risks for cargo

Risk Failure
Index Mode ID

Category

Failure Mode Description

8.0
7.8

III-1.6
III-1.3

7.5

III-7.1

7.5
7.3
7.2

I-7.1
I-4.2
III-1.11

7.0

III-1.10

7.0

III-3.1

7.0
7.0
7.0

II-5.1
I-4.1
II-1.4

7.0
7.0

III-2.3
III-4.1

Large Ship Motions Damage or loss of cargo due to extreme pitch motions
Large Ship Motions Damage or loss of cargo due to inappropriate stowage of
cargo inside container / on flat racks
Contact
Damage or loss of cargo due to contact with floating
obstacle (container, ice berg)
Human Error
Loss of cargo due to communication problems
Lashing
Loss of containers due to incorrect lashing
Large Ship Motions Damage or loss of cargo due to green water due to beam
and following seas
Large Ship Motions Damage or loss of cargo due to green water due to head
seas
Extreme Weather
Damage or loss of cargo due to heavy rain (more than 10
l/m2 per hour)
Fire / Explosion
Damage or loss of cargo due to fire in cargo hold
Lashing
Loss of containers caused by damaged lashing gear
Collision
Damage or loss of cargo due to communication problem
(internal ship, ship - shore)
Machinery failure
Damage or loss of cargo due to auxiliary engine failure
Unlawful act
Damage or loss of cargo due to piracy

The scenario Large Ship Motions seems to be significant for loss or damage of cargo and should be
investigated further. Furthermore, the contributions of Lashing, Fire / Explosion should be subject to
further investigation.

7.3.6 Risk for Ship
The highest risks with respect to loss or damage of ship were identified for the failure modes:
Table 16: Priority risks for ship

Risk Failure
Index Mode ID

Category

Failure Mode Description

9.0
7.7
7.7

III-5.1
II-1.3
II-1.4

Structural failure
Collision
Collision

7.8
7.6
7.3

II-2.3
III-5.2
II-3

7.2
7.0

III-4.1
II-5.3

Contact
Structural failure
Grounding /
Stranding
Unlawful act
Fire / Explosion

Damage or loss of ship due to ballast water exchange
Damage or loss of ship due to navigational failure
Damage or loss of ship due to communication problem
(internal ship, ship - shore)
Damage or loss of ship due to navigational failure
Damage or loss of ship due to fatigue material
Damage or loss of ship due to collision

7.0

I-2.1

Cargo related

7.0
7.0

I-7.1
III-7.1

Human Error
Contact

Damage or loss of ship due to piracy
Damage or loss of ship due to fire / explosion in engine
room
Damage to ship structure due to inappropriate counter
measures for wrongly declared dangerous goods
Damage or loss of ship due to communication problems
Damage or loss of ship due to contact with floating obstacle
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7.4 Discussion of Results
In total, 91 hazards for 22 scenarios have been identified in three HAZID sessions; the individual
contributions can be seen in Table 17. Some of the scenarios are covered more than once, when the
different context suggested different results with respect to the consequence.
Table 17: Identified hazards and scenarios

Session Hazards Scenarios
I

29

7

II

33

8

III

29

7

Total

91

22

From all identified hazards, those with the highest risk (risk index 7 or larger) were selected and listed
separately. The table below shows an overview of the results.
Table 18: Number of identified hazards with risk index 7 or more

HAZID Human Safety Environment Cargo Loss Loss of Ship Total
I

2

2

3

2

9

II

0

4

2

5

11

III

3

7

8

4

22

Total

5

13

13

11

42

In terms of scenarios or groups, Table 19 displays the results.
Table 19: Scenarios with highest number of identified hazards with risk index 7 or more

Scenario

Number

Large Ship Motions

10

Lashing

5

Contact

4

Human Error

4

Collision

4

Fire /Explosion

3

Structural failure

3

Unlawful act

3

Extreme Weather

2

Machinery failure

2

Grounding /Stranding

1

Cargo related

1

Total

42
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Despite the use of standardized tables for frequency and severity, risk assessment is subjective and there
is always a personal note due to various factors. When done by a group, a discussion precedes the actual
assessment. During that discussion, opinions are exchanged, descriptions are enhanced and a common
understanding of the scenario is reached in most cases. This does not apply to the case of individual
assessments. Misinterpretations are possible and more likely. For instance, when one participant assigns
severity and frequency index, where others do not, the average has only limited value.
Although the hazard identification process is well-structured and systematic, the results are subjective. As
they reflect the expertise and opinion of the participants, two different groups of experts may come to
different results. Time available, facilitator, background information etc have an impact.
Here, the assessment was done in individually. Upon receipt of the assessments, the differences between
maximum and minimum risk index were calculated. This caused a subsequent harmonisation effort for in
which a second assessment was organised following the Delphi technique. To document the results of the
harmonisation effort, histograms of ranges of the risk index are created for each risk type showing both
the original and revised assessments. The diagram in Figure 18 shows how the deviations between
maximum and minimum risk index changed due to the revised assessment. Basically, the number of large
deviations “3”, “4” and “5” decreased, while at the same time, the number of small deviations “1”, “2”
increased.
Range of Risk Index - Environment
30
26

25

24

25

20
Count

20

18

18
15

15

12

10
5
5
1

0

0

0
0

1

2

3

4

5

Ra nge Index
original assessment

revised assessment

Figure 18: Deviations between maximum and minimum index for environmental risk

The number of cases with differences in risk index larger than three has decreased significantly after the
revised assessments:
•

HAZID I:

from

13 to

1

•

HAZID II:

from

21 to

3

•

HAZID III:

from

21 to

10.

See Annex A.5 for a complete list of histograms for all sessions and risk types.
After the HAZID session, discussions revealed that some more items could be identified as potential
failure modes, e.g.
•

increased icing of container stacks for, e.g. North Atlantic passages,

•

explosions on deck, and

•

collision due to mistake by striking ship.

These items need to be taken into account when the risk model is established in task 4.4.2.
To do a complete FSA on a ship type, many experts need to be involved. However, the availability of
experts is the limiting factor, not only in this project, but also in general [26].
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8 Conclusions
To identify all relevant hazards for the operation of container ships, the following modes of operation
were considered:
•

Loading / unloading at berth

•

Operations in port, restricted and coastal waters

•

Open sea voyage

For each of these, an expert group meeting took place at Germanischer Lloyd head office in Hamburg on
2005-06-02, 2005-06-03 and 2005-06-20 respectively. 16 experts from six companies with background in
design, operation and regulation of container ships participated. Some of them took part in more than one
session.
The following types of risk have been considered:
•

Risk for human life

•

Risk for the environment

•

Risk for cargo

•

Risk for ship

Failure modes, causes and effects and were identified using the FMEA methodology. In total, 91 hazards
for 22 scenarios have been identified. Some of the scenarios are covered more than once, when the
different context suggested different results with respect to the consequence.
Based on this list of identified hazards, an evaluation of severity and frequency took place using tables
standardized among all projects in SAFEDOR work package 4.
Due to time limitations, the participants estimated frequencies and consequences individually (at home).
Based on their feedback a consolidated table was compiled. Risk indices for all risk types listed above
were calculated as arithmetic mean. The range between minimum and maximum risk index was used as
quality measure. The Delphi method was successfully employed to streamline the assessments; it was
possible to reduce the number of deviations larger than three from 55 to 14.
For all risk types, a threshold value of “7” has been defined and hazards with a larger risk have been
listed. The main results are four lists with 5 (five) hazards for human safety, 13 (thirteen) hazards for
environment, 13 (thirteen) hazards for cargo and 11 (eleven) hazards for ship.
The scenarios named most frequently are Large Ship Motions (10), Lashing (5), Contact (4), Human
Error (4), Collision (4), Fire /Explosion (3), Structural failure (3), and Unlawful act (3) and can be
therefore considered as most representative for later analysis.
To do a complete FSA on a ship type, many experts need to be involved. However, the availability of
experts is the limiting factor, not only in this project, but also in general [26]. Despite this, it is an
important lesson learned by the team that a distributed assessment should be prevented by all means. As
the frequency and severity estimation is very much based on a common understanding of the hazards and
the scenario those must be as clear as possible. Within a meeting, it is much more efficient to refine and
improve the description and to assign commonly agreed indices.
No Risk Control Options were identified.
The results presented in this document serve as input for establishing risk model and performed risk
analysis in task 4.4.2. However, other sources like statistical data will be needed to complement these
findings. For example, for fire and explosion events, the results SP2.5 will be useful [5].
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Annex
A.1 Abbreviations
Term

Definition

HAZID

Hazard Identification

LMIU

Lloyds Maritime Information Unit

IMO

International Maritime Organisation

FSA

Formal Safety Assessment

TEU

Twenty-Foot Equivalent Units

IACS

International Association of Classification Societies

A.2 Glossary
This glossary explains many important terms used within the Formal Safety Assessment. It is a slightly
updated version of [7].

Term

Definition

Absolute
Probability
Judgment (APJ)

A group of techniques that utilize expert judgment to develop direct numerical
estimation of human error probabilities when no relevant data exists for the situation
in question. Elicitation techniques like e.g. Delphi Technique, Nominal Group
Technique, Paired Comparison, etc. may be used.

Accident

An unintended event involving fatality, injury, ship loss or damage, other property
loss, damage or environmental damage.

Accident category

A designation of accidents according to their nature, e.g. fire, collision, grounding,
etc.

Accident scenario

A specific sequence of events from an initiating event to an undesired consequence.

ALARP

ALARP (As Low As Reasonably Practicable) refers to a level of risk that is neither
negligibly low nor intolerably high, for which further investment of resources for
risk reduction is not justifiable.

ALARP Principle

Risk should be reduced to As Low As Reasonably Practicable (ALARP) level
considering the cost effectiveness of the risk control options.
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Availability

Availability of a system or equipment is the probability that it is not in a failed state
at a point in time.

Brainstorming

Brainstorming is used to identify possible solutions to problems and potential
opportunities for improvement. Brainstorming is a technique for tapping the creative
thinking of a team to generate and clarify a list of ideas, problems and issues.
In applying brainstorming, two phases are involved:
1) the generation phase (diverging phase)
the facilitator reviews the guidelines for brainstorming and the purpose
of the brainstorming session, then the team members generate the list of
ideas. The objective is to generate as many ideas as possible.
2) the clarification phase (converging phase)
the team reviews the list of ideas to make sure that everyone understands
all ideas. The evaluation of ideas will occur when the brainstorming
session is completed.

Casualty

Serious or fatal accident.

Checklist
Analysis (in
HAZID)

An experience-based method involving a written list of items or procedural steps to
identify known types of hazards, design deficiencies, potential accident scenarios
associated with equipment, systems or operations.

Consequence

The outcome of an accident, there may be different possible consequences, e.g.
human fatalities (or injuries), environmental pollution, loss / damage to property

Error

A departure from acceptable or desirable operation (for example of a component or
system) that can result in unacceptable or undesirable consequence.

Event Tree
Analysis (ETA)

A method of exploring the development or escalation of an accident, a failure or an
unwanted event using a diagram which, commencing with the initiating event,
branches at each point of influence of a controlling or mitigating measure until the
final outcomes are identified. The probability (or frequency) of success of these
measures is indicated allowing for the evaluation of the likelihood of each
consequence.

Failure

An occurrence in which a part, or parts of a system ceases to perform the required
function.

Failure Mode &
Effect Analysis
(FMEA)
Failure Mode
Effect and
Criticality
Analysis
(FMECA)
Fault Tree
Analysis (FTA)

FN Curve

A process for hazard identification where all conceivable failure modes of
components or features of a system are considered in turn and undesired outcomes
are noted.
An FMEA where additionally the criticality of a failure mode or failure cause is
assessed by estimating the severity and probability of the failure. Severity and
probability are each expressed as ranking indices.
Fault Tree Analysis (FTA) is a logic diagram showing the causal relationships
between events, which singly or in combination result in the occurrence of a higherlevel event. It is used to determine the frequency of a “top event” which may be a
type of accident or an unintended hazardous outcome.
A graph with the ordinate representing the cumulative frequency distribution of N or
more fatalities and abscissa representing the consequence (N fatalities). FN Curve is
used for representing societal risk.
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Formal Safety
Assessment

A formal, structured and systematic methodology, currently developed to assist and
rationalize rule-making processes and to facilitate proactive risk control.

Frequency

The number of occurrences per unit time (e.g. per year).

Function

An aspect of the intended purpose/task of a system.

Generic Model

A set of functions common to all ships or areas under consideration.

Gross Cost of
Averting a
Fatality (GCAF)

A cost effectiveness measure in terms of ratio of marginal (additional) cost of the
risk control option to the reduction in risk to personnel in terms of the fatalities
averted, i.e.

∆Cost
GCAF = ——∆Risk
A potential to threaten human life, health, property or the environment, e.g.
•

Hazards external to the ship: storms, lightning, poor visibility, uncharted
submerged objects, other ships, war, sabotage etc.

•

Hazards on board a ship:
o

In accommodation areas: combustible furnishings, cleaning material
in stores, oil/fat in galley equipment etc.

o

In deck areas: cargo, slippery deck due to paint / oils / grease /
water, hatch covers, electrical connections etc.

o

In machinery spaces: cabling, fuel & diesel oil for engines, boilers,
fuel oil piping & valves, oily bilge, refrigerants etc.

o

Sources of ignition: naked flame, electrical appliances, hot surface,
sparks from hot work or funnel exhaust, deck & engine room
machinery.

Hazard

•

Operational hazards to personnel: Long working hours, life boat drill,
working on deck at sea, cargo operation, tank surveys, on-board repairs, etc.

Hazardous
situation

A situation with a potential to threaten human life, health, property or the
environment.

Human Element

It is a complex multi-dimensional issue that affects maritime safety and marine
environment pollution. It involves the entire spectrum of human activities performed
by the ship's crew, shore-based management, regulatory bodies, recognized
organizations, shipyards, legislators, and other relevant parties, all of whom need to
co-operate to address human element issues effectively. [IMO Resolution
A.850(20), Annex, Principles (a)].

Human Error

A departure from acceptable or desirable practice on the part of the individual or
group of individuals that can result in unacceptable or undesirable risks.
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Human Error
Consequence

Human Factor

Human Reliability

Incident

The undesired consequence of human error.
The discipline concerned with the design & operation of technological and
organizational systems to achieve proper adaptation of human tasks. [Taken from
Loss Prevention in the Process Industries, F.P. Lees, Vol. 1, Chapter 14, 14/5]
Human Factors are dealt with through ergonomic principles.
The probability that a person (a) correctly performs some system related activity
within the specific time period and (b) does not perform any extraneous activity that
can degrade the system
An unforeseen or unexpected event which may have the potential to become an
accident but in which injury to personnel and/or damage to ship or to the
environment does not materialize or remained minor.

Individual Risk

Risk as experienced by an individual e.g. onboard a ship (crew or passenger or
belonging to third parties that could be affected by a ship accident).

Initiating event

The first of a sequence of events leading to a hazardous situation or accident.

Net Cost of
Averting a
Fatality (NCAF)

PLL (Potential
Loss of Life)
Reliability

Risk

Risk Assessment

Risk Contribution
Tree (RCT)

Risk Control
Measure (RCM)

A cost effectiveness measure in terms of ratio of marginal (additional) cost,
accounting for the economic benefits of the risk control option to the reduction in
risk to personnel in terms of the fatalities averted, i.e.

NCAF =

∆Cost - ∆EconomicBenefit
————————————
∆Risk

∆EconomicBenefit
= GCAF -

———————

∆Risk

The expected number of fatalities (e.g. per ship year).
Reliability is a probability of desired performance over time in a specified condition
e.g. machinery or system reliability, structural reliability, human reliability.
Reliability = 1 - Failure Probability
Risk is a measure of the likelihood that an undesirable event will occur together with
a measure of the resulting consequence within a specified time i.e. the combination
of the frequency and the severity of the consequence.
(This can be either a quantitative or qualitative measure.)
An integrated array of analytical techniques, e.g. reliability, availability &
maintainability engineering, statistics, decision theory, systems engineering, human
behaviour etc. that can successfully integrate diverse aspects of design and operation
in order to assess risk.
A sequential logic tree structure (Risk Model) consisting of
a) Fault Trees from basic events to outbreak of the categories and sub-categories of
accidents, and
b) Event Trees from outbreak of the categories and sub-categories of accident to
final outcomes.
A means of controlling a single element or risk; typically, risk control is achieved by
reducing either the consequences or the frequencies; sometimes it could be a
combination of the two.
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Categorization of RCMs in terms of:
Risk Control
Measure
Attributes

•

How it works (Category A)

•

How it is applied (Category B)

•

How it would operate (Category C)

Risk Control
Option (RCO)

An appropriate combination of risk control measures RCMs

Risk Evaluation
Criteria

Standards, which represent a value-judgment opinion, usually that of a regulation, of
how much risk is tolerable. These are the values used as limits for risk acceptance.

Safety

Absence of unacceptable levels of risk to life, limb and health (from unwillful acts).

Security

Absence of risk to life, health, property and environment from willful acts of
individual(s).

Societal Risk
Task Analysis
(TA)

Average risk, in terms of fatalities, of groups of people (e.g., port employees, crew
or even society at large) exposed to an accident scenario (cf. individual risk) usually
presented in form of F-N Curve (see above definition).
A collection of techniques used to compare the demands of a system with the
capabilities of the operator, usually with a view to improving performance, e.g. by
reducing errors.
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A.3 Generic Model – PostPanamax Vessel
Table 20: PostPanamax vessel: Administrative vessel data
GL-Register-No.

110222

Ship Name

NORASIA ENTERPRISE

Ex Name(s)

AMARANTA

IMO-No.

9236535

Call Sign

A8GA3

Flag

Liberia

Port of Registry

Monrovia

Ship Type(s)

Container Ship

Propulsion

Motor ship

Owner

MS 'AMARANTA' Schiffahrtsges. mbH & Co. KG

Manager

Peter Döhle Schiffahrts-KG

Table 21: PostPanamax vessel: Main particulars
Tonnage Type

Convention'69

Length overall

286.27 m

Registered Length

271.90 m

Breadth / Moulded Breadth

32.20 m / 32.20 m

Moulded Depth

18.80 m

Draught

13.200 m

Freeboard

4.408 m

Gross Tonnage

51364

Net Tonnage

27298

Deadweight

58254.90 t

Light Weight

21468.40 t

Table 22: PostPanamax vessel: Propulsion system
Total Power

43920 kW

One Main Engine(s)
Year of Manufacture

2002

Manufacturer

Hyundai Heavy Ind. Co., Ltd. Engine & Machinery
Division

Model

8 RTA 96 C

Type

Diesel engine, two stroke single acting

Transmission

Main propulsion acts directly on the propellershaft

Power

43920 kW

Main Engine Rated Speed

100 min

Propeller Revolution

100 min

8 Cylinder(s), Diameter / Stroke

960 mm / 2500 mm

-1

-1

Propeller(s) / Speed
1 Propeller(s), Type

Solid propeller (keyless), aft

Ship's Speed

25.50 kn

Electric Installation(s)
1 Plant

8800 kVA, 440 / 220 V

Generator(s)
2 Diesel generators, each

2250 kVA

2 Diesel generators, each

2000 kVA

1 Emergency generator

300 kVA
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A.4 HAZID Teams
HAZID I
Name
1 Peter Securius

Company
GL

Email
peter.securius@gl-group.com

Döhle
Hammonia
Aker

Competence / Role
FSA Facilitator, Machinery
Expert
Project Manager/ Secretary
Piping and Dangerous goods
expert
Naval Architect
Captain
Naval Architect

2 Uwe Langbecker
3 Harald
Grützmacher
4 Kurt Riedel
5 Niels Roeper
6 Claus-Torsten
Voht
7 Guido Schulte
8 Jakob Nilius
9 Björn Forsman

GL
GL

Aker
Aker
SSPA

Naval Architect
Mechanical Engineer
Mechanical Engineer

guido.schulte@akerostsee.de
Jakob.nilius@akerostsee.de
Bjorn.forsman@sspa.se

Name
Peter Securius

Company
GL

Uwe Langbecker
Michael
Oberländer
Pierre Sames
Kurt Riedel
Joachim Illge
Claus-Torsten
Voht
Guido Schulte
Björn Forsman

GL
GL

Competence / Role
FSA Facilitator, Machinery
Expert
Project Manager / Secretary
Nautical Expert

GL
Döhle
Döhle
Aker

Hydrodynamic Expert
Naval Architect
Technical Inspector
Naval Architect

uwe.langbecker@gl-group.com
michael.oberlaender@glgroup.com
pierre.sames@gl-group.com
Riedel.pds@doehle.de
inspection@doehle.de
claus-torsten.voht@akerostsee.de

Aker
SSPA

Naval Architect
Mechanical Engineer

guido.schulte@akerostsee.de
Bjorn.forsman@sspa.se

Name
1 Peter Securius

Company
GL

Email
peter.securius@gl-group.com

2
3
4
5

GL
GL
Döhle
Columbus
Shipmanag
ement
Columbus
Shipmanag
ement
Aker

Competence / Role
FSA Facilitator, Machinery
Expert
Project Manager / Secretary
Hydrodynamic Expert
Naval Architect
Captain

Superintendent

Michael.Brandhoff@ham.hambur
gsud.com

Naval Architect

claus-torsten.voht@akerostsee.de

Mechanical Engineer

Torsten.gaede@akerostsee.de

uwe.langbecker@gl-group.com
harald.gruetzmacher@glgroup.com
Riedel.pds@doehle.de
roeper@hammonia.org
claus-torsten.voht@akerostsee.de

HAZID II
1
2
3
4
5
6
7
8
9

Email
peter.securius@gl-group.com

HAZID III

Uwe Langbecker
Helge Rathje
Kurt Riedel
Uwe Köhler

6 Michael Brandhoff

7 Claus-Torsten
Voht
8 Torsten Gaede

Aker
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A.5 Level of Agreement of Iterative Assessments
The individual assessment of frequency and consequence often resulted in different risk indices for the same
hazard. To measure the level of agreement, the deviations between maximum and minimum risk index (also
denoted as “range index”) was calculated. After all participants revised their assessment, the resulting
deviations were calculated again. The histograms show the absolute level of agreement after the revised
assessment as well as the degree of improvement per risk type. In most cases, the number of large deviations
“3”, “4” and “5” decreased, while at the same time, the number of small deviations “1”, “2” increased.
HAZID I
Range of Risk Index - Environment

Range of Risk Index - Human
60

60
51

50

50
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40
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Count

Count
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6
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2

3
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5

0

1

2

Ra nge Inde x
original assessment

3

4

5

Range Index

revised assessment

original assessment

revised assessment

Figure 19: Deviations in risk index for human (left) and environment (right)
Range of Risk Index - Ship

Range of Risk Index - Cargo
60
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50

50
36

40

36
Count

Count

40
30
20

15

14

27

27

8

10

8

20

19

20

15

14

30

21

20

10

2

0

0

5

5

2

0

0

1

1

0

0

0

1

2

3

4

5

0

1

2

Range Index
original assessment

3

4

5

Ra nge Index

revised assessment

original assessment

revised assessment

Figure 20: Deviations in risk index for cargo (left) and ship (right)

HAZID II
Range of Risk Index - Human

Range of Risk Index - Environment
30

30
25

23

23

26

25

24

25

23
21

Count

18

20

17

16

Count

19

20

20

15

18

18
15

15

12

10

10

5
5

5

2

1

0

1

0

0

0

0

0
0

1

2

3

4

5

0

1

2

revised assessment

4

5

Ra nge Inde x

Ra nge Inde x
original assessment

3

original assessment

revised assessment

Figure 21: Deviations in risk index for human (left) and environment (right)
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Range of Risk Index - Ship

Range of Risk Index - Cargo
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19
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0
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0

0
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1

2

3

4

5

0

1

2

Range Index
original assessment

3

4
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Ra nge Index

revised assessment

original assessment
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Figure 22: Deviations in risk index for cargo (left) and ship (right)

HAZID III
Range of Risk Index - Human

Range of Risk Index - Environment
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Figure 23: Deviations in risk index for human (left) and environment (right)
Range of Risk Index - Ship

Range of Risk Index - Cargo
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revised assessment

Figure 24: Range of risk index for cargo (left) and ship (right)
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A.6 FMEA worksheets
Please note, that within the FMEA worksheets the columns for frequency and severity index are intentionally
left blank, as there were no common indices due to the distributed, individual assessments. Instead, only the
risk index could be determined as average value. Due to their large number, the individual work sheets are
not attached. However, they are available from the author on request.
Within the HAZID II worksheet, some lines are marked in grey. Those rows were intended to be skipped,
since they were already covered other rows. However, due to a communication problem, some participants
nevertheless assigned values. Consequently, those lines were ignored during evaluation, but are shown for
completeness.
HAZID I
5 pages
HAZID II
8 pages
HAZID III
5 pages
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HAZID I: Loading / unloading at berth
HAZID Worksheet
ID
1
1.1

Failure Mode
Loading/unloading
operations
large motion of vessel at berth

Failure Causes

container falling from crane

swinging container / hatch
cover

Cargo

Risk (RI)
Ship

Human

Env

Cargo

Ship

Remarks

especially in swell harbours /
heavy wind
GL: expected more often for
smaller ships

6,0

6,0

4,7

5,7

5,0

5,0

5,0

5,5

4,6

5,0

5,0

5,0

6,0

4,3

5,2

5,5

6,0
4,9

5,0
4,0

6,2
4,0

6,0
4,0
GL: container bridge
considered, more severe
consequences for land or
onboard crane

human error: operator does not
handle cargo / gantry safely,
does not follow instructions,
communication problem
damage of other containers
damage of ship structure or
equipment
injury to personal

1.4

Env

human error: wrong use of
hooks,
wrong use of slings and wires
fatigue of material (provided by
port)
release of cargo (incl.
environmental damage)
damage to ship structure and
containers
injury to personal

1.3

Human

not moored correctly,
malfunction of selftension
automatic winches
damage to cell guides by
swinging containers / hatch
covers
lose gangway [may fall down
and hurt people]
mooring ropes can hurt people

1.2

Concequence (SI)

FI
Failure Effects

stuck containers in cell guides

5,0

5,0

5,0

4,5

5,0
4,9

5,0
5,0

5,0
5,0

5,4
5,0
GL: expected reduced
frequency when onboard
heeling system

wrong center of gravity (inside
container),
wrong stowage inside
container,
damaged container, damaged
cell guides
damaging cell guides
delay in loading/unloading

6,0

6,0

6,0

5,9
GL: effect is loss in business,
not directly property

6,0

6,0

6,0

5,7

5,0

5,0

5,4

5,4

damage to adjacent containers
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HAZID I: Loading / unloading at berth
HAZID Worksheet
ID
1.5

Failure Mode

FI
Failure Effects

Failure Causes

Cargo

Risk (RI)
Ship

Human

6,0

Env

Cargo

5,0

movements of cargo within
containers in heavy seas

5,7

6,4

5,0

6,0

5,3

5,3

6,0

6,0

6,0

GL: no direct consequence
Aker: - Trim not matching draft
6,0 requiremts; - higher PD

4,0

4,0

5,8

5,9

5,0

5,0

5,7

5,7

Cargo
wrong declaration (labelling) of
cargo (DG)

human error, false declaration
(criminal)
wrong position of container
6,3

7,0

6,3

6,0

5,3

6,8

GL: no direct consequences;
only relevant in connection with
7,0 fire, see below
GL: no direct consequences;
only relevant in connection with
6,8 fire, see below

5,0

4,2

6,3

6,1

4,9

4,2

6,1

6,1

wrong segregation

in case of fire or leakage,
counter measures may be not
adequate
dangerous goods containers in
wrong location

failure in stowage procedure,
communication
in case of fire or leakage,
counter measures may be not
adequate

2.3

Remarks

insuffiecient securing of cargo
inside containers/flat racks
damage to ship structure or
other containers

2.2

Ship

GL: material fatigue problems
Aker: repair of cracks

excessive deflection of hatch
covers due to large stack loads
=> lashing problems

2.
2.1

Env

real cargo weights are not
available or wrongly declared
(no manifest for standard
containers)

total weight and weight
distribution do not match
loading plan
too little /too much stability,
resulting in loss of ship
excessive bendings, shear
forces and torsion resulting in
damage of ship
CoG changed

1.6

Concequence (SI)
Human

leakage from DG container
(e.g. tank containers)

e.g. fumigated unit (toxic
atmosphere), often additional
bilge system for DG

incorrect packing inside
container, container damage,
water ingress
injury to personal
impact on enviroment
fire or explosion if flammable
corrosion of structure
negative impact on other cargo

DocumentId SAFEDOR-W-04.04.01-2005-06-02-GL-HAZID-1_rev1.2-Final.xls

5,1
4,0
4,5
5,0

5,0
4,6
3,8
5,0

5,0
4,0
5,6
5,0

5,0
4,0
5,6
4,7

5,0

5,0

4,8

5,0
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HAZID I: Loading / unloading at berth
HAZID Worksheet
ID
2.4

Failure Mode

FI
Failure Effects

wrong loading sequence during
discharging/charging

Failure Causes

structural collapse of
containers

malfunction of cranes (ship or
shore based)

malfunction of anti-heeling
system

malfunction of ballast system

Env

Cargo

Ship

Remarks
wrong ballast operations may
increase the problem

5,3

4,8

6,3

5,6

4,0

4,3

5,5

5,3

6,0
6,0
5,0
4,7

6,0
6,0
5,6
3,0

6,9
6,9
5,0
3,0

6,0
5,5
4,5
3,0

5,0
5,0

5,0
3,3

5,0
4,7

5,9
4,0

5,0

5,4

5,0

5,0

4,0

4,0

5,0

5,0

5,0

5,0

5,8 GL: no direct consequence
GL: only loss of business due
6,0 to disruption

3,0

3,0

4,3

4,8

4,0
3,0

4,0
3,0

5,0
4,5

5,0

5,0

5,0

5,8 GL: no direct consequence
5,6 GL: no direct consequence
GL: only loss of business due
5,6 to disruption

4,0

3,7

5,0

5,7

3,0

3,0

4,3

5,3

lack of maintenance, material
failure, failure of electronics,
power supply, operator error
too much list
uncontrolled trim
can't continue loading
/unloading
critical ship stability leading to
sinkage
excessive bending moments
leading to sinkage

3.

Human

lack of maintenance, material
failure, failure of electronics,
power supply, operator error,
software failure
too much list
can't continue loading
/unloading
critical ship stability leading to
sinkage

2.8

Risk (RI)
Ship

lack of maintenance, material
failure, failure of electronics,
power supply, operator error,
software failure
damage to deck house, other
cranes or other structure
falling container
environmental impact by
leaking hydrolic oil

2.7

Cargo

wrong handling of containers,
failure of structure of one
container, moving cargo
loss of cargo
damage of (other) containers
environmental impact
personal injury

2.6

Env

human error, does not follow
instructions, lack of time
instability of ship leading to
sinkage
excessive bending moments,
shear forces, torsions leading
to sinkage

2.5

Concequence (SI)
Human

Fire and Explosion
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HAZID I: Loading / unloading at berth
HAZID Worksheet
ID
3.1

Failure Mode

FI
Failure Effects

fire in cargo hold

Failure Causes

3.3

4.
4.1

4.3

5.
5.1

Cargo

Risk (RI)
Ship

Human

Env

Cargo

Ship

Remarks
fire spreads more quickly since
CO2 may not work (hatches
open)
GL: no failure effect; remove

4,0
5,0
3,0
3,9
4,4

4,0
5,0
4,0
4,0
4,0

5,8
5,0
5,6
5,0
4,0

5,6
5,3
4,0
4,8
4,0

4,8

4,8

5,0

5,0

structural damage
damage of cargo
injury of personal [loading
personal or crew]

5,0
4,0

4,5
4,5

4,0
4,9

5,0
3,0

4,7

4,5

3,0

3,0

structural damage
damage of cargo
injury of personal
loss of power

4,0
3,0
5,1
4,0

4,0
3,0
3,0
4,0

4,0
3,6
3,0
5,5

5,6
3,0
3,0
4,8 GL: no direct consequence

4,0

6,3

7,0

GL: danger of collision when
4,0 floating (out of scope)

6,0
6,0

4,0
5,0

5,0
5,0

5,0
4,2 GL: no direct consequence
detection by vibration, visual
inspection by crew

5,0
5,0

6,0
5,0

7,3
6,0

5,0
5,4

7,4

5,0

5,0

5,0

explosion in cargo hold

GL: no direct consequence
source of ignition combined
with flammable gases/liquid or
explosives exist, bombs

fire / explosion in engine room

Lashing
damaged lashing gear
(e.g.twist locks)

material failure, inadequate
maintenance and inspection
loss of containers (during
voyage)
container falling down during
unloading
overloading of crane

4.2

Env

various, e.g. electrical
shortcuts, smoking,
welding /repair, lightning
fire spreads more quickly
since CO2 may not work
(hatches open)
structural damage
damage of cargo
release of toxic gases
injury of personal
ignition of flammable cargo
(explosion)

3.2

Concequence (SI)
Human

incorrect lashing

loss of containers (during
voyage)
damaging of structure
bad working conditions during injury of personal
lashing, e.g. icy, wet floor

Electrical System
loss of electrical power

DocumentId SAFEDOR-W-04.04.01-2005-06-02-GL-HAZID-1_rev1.2-Final.xls

wrong position inside the
cones or twist locks (in hold),
human error

missing safety measures
(railings, platforms),
lack of attention, being tired

generator blackout, disrupted
shore connection

GL: only for major power
failure (permanent)
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HAZID I: Loading / unloading at berth
HAZID Worksheet
ID

Failure Mode

FI
Failure Effects

Failure Causes

heating of reefer container
stop of crane operation =>
damage
stop of anti-heeling system =>
list
instability leading to capsize
ballast operations
mooring operations impossible

6.
6.1

Piping System
malfunction of tank sounding
sensors

Concequence (SI)
Human

Env

Cargo

Risk (RI)
Ship

Human

Env

Cargo

6,0

6,1

6,0

5,0

5,0

3,7

4,4

5,0
3,7

5,0
5,0

5,0
5,0

5,8
5,5

3,7

5,0

5,0

GL: may result in local
4,7 structural damage

material or system failure, lack
of maintenance,
bad enviromental conditions
(temp.), software failure

5,0

5,0

5,0

5,0

5,0

5,0

4,7

3,3

4,7

Aker:Multiple Consequences
possible, therefore no
6,0 judgement possible
Aker:Multiple Consequences
possible, therefore no
5,5 judgement possible
Aker:Multiple Consequences
possible, therefore no
judgement possible
GL: combine with 6.1.1 and
4,7 6.1.2

5,0

6,1

5,0

5,0

5,0

5,8

5,0

5,4

wrong figures, no figures

wrong stability calculations
(during voyage) leading to
capsize

bunkering overflow

6.3

blow up tanks (overpressure)

6.4

pumping contamined water
outside /leakage from cargo
hold

communication, malfunctioning
alarms
pollution of deck and water
bunkering when air pipe is
blocked (e.g iced) ,
communication failure
damage to structure

introduce buffer tank

contamination due to cargo
leakage, dirty containers,
remains
5,0

pollution of water
7.
7.1

Remarks

6,0

wrong input to loading
computers

6.2

Ship

5,6

5,0

6,0

Human Error
communication problems
various from minor to severe,
will be considered for specific
hazards, see above

GL: no direct consequence
7,0

7,0

7,5

7,0

7

7

7

7

Total 29 hazards
Threshold
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HAZID II: Operations in port etc.
HAZID Worksheet
ID
1

1.1

Failure Mode

Failure Causes

Env

Cargo

Risk (RI)
Ship

Human

Env

Cargo

Ship

Remarks

pitch of cpp blocked, blackout,
contaminated fuel, failure in
mechanical component, failure
in aux. systems, malfunction in
engine control system, sensor
failures

loss of propulsion

no stopping capability
damage or loss of ship
damage or loss of cargo
injuries or fatalities
environmental pollution

pitch of cpp blocked, blackout,
contaminated fuel, failure in
mechanical component, failure
in aux. systems, malfunction in
engine control system, sensor
failures

5,1

6,1

5,4

6,3

5,6
6
6
6,25
7

6,7
6
6
7
6,25

6,3
6
6,5
7
7

6,9
6,5
6
7
7

rudder mechnically blocked,
failure in control, echanical
failure in steering gear, part of
rudder lost,
loss of transverse thrusters

loss or reduction of steering
decrease of maneuvring
capabilities (no response or
wrong response of the blade)
damage or loss of ship
damage of loss of cargo
injuries or fatalities
environmental pollution

1.3

Human

Collision

decrease of maneuvring
capabilities

1.2

Concequence (SI)

FI
Failure Effects

insufficient rudder efficiency in
slow speed

5,7
5
5
4,25
5

6,7
5,5
6
6
6,25

6,0
6
6,5
6
6

6,9
6
6
6
6

low visibility, lack of traffic
information,
lack of communication,
technical failure of navigation
equipment (radar, GPS, ),
human error (pilot, traffic
center, helms man, sea charts
outdated, human fatigue, bad
weather

navigational failure
wrong decision in course,
speed, etc.
damage or loss of ship
damage of loss of cargo
injuries or fatalities

DocumentId SAFEDOR-W-04.04.01-2005-06-03-GL-HAZID-2_rev1.3-Final.xls

hydrodynamic effects in
shallow water increase effect,
e.g. when overtaking

6,2
5,5
6
6

6,8
5,5
6
6

6,4
5,5
7,75
5

7,7
8
6
6
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HAZID II: Operations in port etc.
HAZID Worksheet
ID

Failure Mode

FI
Failure Effects

Failure Causes

environmental pollution

1.4

communication problem
(internal ship, ship - shore)

mooring failure

2.1

Human

Env
6,75

Cargo
5

Ship

Remarks
6
unclear responsibilities

6,0
6,3
5,5
6,0
6,0
6,0

6,6
7,3
5,5
6,0
6,0
6,3

6,4
7,0
6,0
6,5
6,0
6,0

7,3
7,7
6,5
6,0
6,0
6,0

4,4
4,0
5,3
6,0
4,0
4,8
5,0

4,6
4,2
5,2
6,0
4,0
5,0
5,8

4,2
3,8
5,4
6,0
6,0
5,0
5,0

5,6
5,3
6,0
6,5
4,0
5,0
5,0

4,0
3,8
4,9
4,0
4,0
4,5
4,0

4,4
4,2
4,8
4,0
4,0
4,0
4,5

4,0
3,8
5,3
4,0
6,0
4,0
4,0

5,4
5,3
5,7
6,3
4,0
4,0
4,0

communication failure, material
failure of equipment,
tug machinery failure

tug assistance failure

Contact

Risk (RI)
Ship

operator error, insuffient achor
watch, material failure of
mooring equipment

drifting
blocking
unwanted ships movement
damage or loss of ship
damage of loss of cargo
injuries or fatalities
environmental pollution

2.

Cargo

6

drifting
blocking
unwanted ships movement
damage or loss of ship
damage of loss of cargo
injuries or fatalities
environmental pollution

1.6

Env

interference of communication
ship - VTS with
operators/agents
disputes between captain and
pilot
low technical communication
quality, language
wrong navigational decision
wrong operational decisions
damage or loss of ship
damage of loss of cargo
injuries or fatalities
environmental pollution

1.5

Concequence (SI)
Human

damaged pier or breakwater or
bridge, damage to ship,
injuries, fatalities, gantry
cranes damaged, pollution

loss of propulsion
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SAFEDOR

Date 2005-11-14
Hazard Identification for Container Ships
D4.4.1 Annex A5

HAZID II: Operations in port etc.
HAZID Worksheet
ID

Failure Mode

FI
Failure Effects

Failure Causes

decrease of maneuvring
capabilities
no stopping capability

2.2

loss or reduction of steering

navigational failure

communication problem
(internal ship, ship - shore)

mooring failure

Env

Cargo

Ship

6,0
6,2

5,5
5,7

5,7
5,8

6,3
6,3

6,0

5,5

5,7

6,3

6,6

6,0

6,4

7,8

5,4
5,6

4,8
5,2

5,0
5,4

6,4
6,6

5,0
4,8
5,4

4,7
4,8
5,2

4,8
4,8
5,3

5,4
5,3
5,8

4,8
4,5
5,3

4,7
4,3
4,8

4,7
4,5
4,8

5,8
5,4
5,5

Remarks

communication failure, material
failure of equipment,
tug machinery failure

tug assistance failure
drifting
blocking
unwanted ships movement

2.7

Human

operator error, insuffient achor
watch, material failure of
mooring equipment
drifting
blocking
unwanted ships movement

2.6

Risk (RI)
Ship

interference of communication
ship - VTS with
operators/agents
disputes between captain and
pilot
low technical communication
quality, language
wrong navigational decision
wrong operational decisions

2.5

Cargo

low visibility, lack of traffic
information,
lack of communication,
technical failure of navigation
equipment (radar, GPS, ),
human error (pilot, traffic
center, helms man, sea charts
outdated, human fatigue, bad
weather
wrong decision in course,
speed, timing, etc.

2.4

Env

rudder mechnically blocked,
failure in control, mechanical
failure in steering gear, part of
rudder lost,
loss of transverse thrusters
decrease of maneuvring
capabilities
(no response or wrong
response of the blade)

2.3

Concequence (SI)
Human

contact invisible floating obstacle
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Hazard Identification for Container Ships
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HAZID II: Operations in port etc.
HAZID Worksheet
ID

Failure Mode

FI
Failure Effects

Failure Causes

structural damage (hull,
propeller, rudder)
pollution

3.

4.

4.1.

Concequence (SI)
Human

Env

Cargo

Risk (RI)
Ship

Human

Env

Cargo

Ship

Remarks

4,7
3,0

4,0
4,1

4,7
3,0

6,1
4,2

6,6

7,0

6,9

7,3

capsize

5,7

5,2

6,0

6,0

loss of containers

5,0

5,4

5,8

GL: also depend on definition
6,0 of "large"

hull structural damage,
pollution, loss of cargo,
injuries,
fatalities (when capsizing or
sinking)
Grounding /Stranding
same as above except invisible object
Miscelleneous
inadequate loading (leading to
lack of stability), effect of tidal
streams of tugged ship
(leading to sudden large
heeling angle)

large heeling angle

loadline convention

4.2

4.3

5.

5.1

shifting berth within a port with
open hatches and unlashed
container

time saving, procedural error
losing containers when
extreme heeling due to wind or
emergency maneuvres

4,3

4,8

5,1

5,0

possible water ingress during
sea voyage
man over board

4,7
5,0

4,3
2,5

4,7
2,5

4,5
2,5

pilot door or other openings are
not correctly closed

Fire & Explosion

damage to ship and cargo,
enviromental, loss of ship,
fatalities
electrical shortcuts, contact
between chemical and water
(after water ingress), repair
work (welding, smoking)

fire in cargo hold
structural damage leading to
water ingress [possibly
resulting in sinking]
damage of cargo
release of toxic gases
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SOLAS

5,4
5,5
4,9

6,0
5,5
4,4

6,6
7,0
5,5

6,0
6,5
5,0
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Hazard Identification for Container Ships
D4.4.1 Annex A5

HAZID II: Operations in port etc.
HAZID Worksheet
ID

Failure Mode

FI
Failure Effects

Failure Causes

injury of personal
ignition of flammable cargo
(explosion)
affect of public and traffic by
toxic gases and smoke
environmental pollution

5.2

Concequence (SI)
Human

Env

Cargo

Risk (RI)
Ship

Human

Env

Cargo

Ship

4,8

4,0

5,0

4,5

6,0

4,6

6,1

5,7

4,0
3,5

4,8
4,9

4,0
4,5

4,3
4,5

4,8
4,5
5,3
5,5

5,4
4,0
4,3
4,0

5,8
6,5
5,5
4,5

5,6
5,5
5,0
4,5

5,2

4,7

5,8

6,0

4,2
4,0

4,4
4,3

4,0
4,0

4,3
4,0

Remarks

source of ignition combined
with flammable gases/liquid or
explosives exist, bombs

explosion in cargo hold
structural damage leading to
water ingress [possibly
resulting in sinking]
damage of cargo
release of toxic gases
injury of personal
ignition of flammable cargo
(explosion)
affect of public and traffic by
toxic gases and smoke
environmental pollution

SOLAS

5.3

leakage of fuel, crank case
explosion, boiler fire,
electric shortcuts, overheating
of cables, cleaning equipment,
human operational error

fire / explosion in engine room
structural damage [leading to
water ingress]
damage of cargo [containers
above engine room, content of
reefer containers]
injury of crew [fatalities]
loss of power
pollution by loss of fuels and
oil, smoke
machinery damage [resulting in
loss of control, propulsion and
steering]

6,3

6,8

5,0

5,9

5,0
6,3
5,0

4,5
4,5
5,5

5,3
5,0
6,5

6,0
5,5
6,2

5,0

6,2

5,0

7,0

6,0

6,0

5,8

6,7
SOLAS

5.4

contact between chemical and
water (after water ingress),
repair work (welding, smoking)

cargo fire on deck
damage of cargo
release of toxic gases
injury of personal
ignition of flammable cargo
(explosion)
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Date 2005-11-14
Hazard Identification for Container Ships
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HAZID II: Operations in port etc.
HAZID Worksheet
ID

Failure Mode

FI
Failure Effects

Failure Causes

affect of public and traffic by
toxic gases and smoke
environmental pollution
5.5

fire in deckhouse /
accommodation area

6.1

6.3

Cargo

Risk (RI)
Ship

Human

Env
4,5
4,5

Cargo
5,0

Ship

Remarks

5,0

electrical shortcuts, galley,
laundry, smoking

SOLAS
6,0
4,0
6,1
5,5

5,5
4,0

5,5
5,0

5,8
5,7

5,0

5,5

5,2

5,3
5,0

5,0
4,4

6,1
5,2

5,5
5,4

6,5
5,0
5,0

7,0
5,0
4,6

6,5
5,5
5,0

5,9
5,3
5,0

4,5
4,5

4,5
5,0

4,5
5,0

4,5
4,6

4,5
6,0
5,6

5,3
5,0
5,0

4,5
5,0
5,0

5,1
5,5
5,5

Structural failure (hull,
watertight doors) including
foundering
bad maintenance, material
failure, overload, wrong loading
leading to excessive moments
(CoG)

container support collapse
loose or damage containers
and cargo
damage ship

6.2

Env

3,8

structural damage
loose control of vessel
injuries and fatalities
spread fire to cargo area

6.

Concequence (SI)
Human

incorrect tug operation
plate buckling
local cracking
pollution if side tanks affected
emergency manoeuvre
excessive forces on deck machinery
local buckling
cracking
loss of anchor (can damage
underwater items)
damaged mooring equipment
injury of personal
damage by tug

constant monitoring in future?
6.4

7.

7.1

bad design, bad manufacturing

undetected cavitation
damage to rudder [possibly
resulting in loss of steering]

4,0

4,0

4,0

5,5

damage to propeller [possibly
resulting in loss of propulsion]
damage to appendices

5,0
4,0

5,0
4,0

5,0
4,0

6,0
5,1

Machinery failure

failure of non-redundant
propulsion component
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repair,
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inspection, software failure,
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SAFEDOR

Date 2005-11-14
Hazard Identification for Container Ships
D4.4.1 Annex A5

HAZID II: Operations in port etc.
HAZID Worksheet
ID

Failure Mode

FI
Failure Effects

Failure Causes

immediate loss of propulsion
[see above (worst case
scenario)]

7.2

failure of non-redundant
steering component

7.5

failure of common auxiliary
system to main engine and
diesel generators

8.
8.1

Risk (RI)
Ship

Human

Env

Cargo

Ship

5,3

6,7

6,3

6,1

5,3

6,5

6,3

5,6

5,3

5,7

5,7

6,1

6,0

7,0

5,0

6,3

5,3
5,0
5,0

5,7
5,0
5,0

5,7
4,7
6,8

6,3
5,7
5,5

5,5

5,8

6,3

5,6

5,3
4,0

4,0
4,0

4,0
4,0

4,0
4,8

Remarks

mechanical failure, wrong
repair,
lack of maintenance /
inspection, software failure,
inadequate operation by crew

failure of common auxiliary
system to diesel generators

failure of common auxiliary
system to main engine

Cargo

mechanical failure, wrong
repair,
lack of maintenance /
inspection, software failure,
inadequate operation by crew
loss of power and loss of
propulsion [possibly delayed]

7.4

Env

mechanical failure, wrong
repair,
lack of maintenance /
inspection, software failure,
inadequate operation by crew
immediate loss of propulsion
[see above (worst case
scenario)]

7.3

Concequence (SI)
Human

loss of power and loss of vital
supplies to main engine [which
results in loss of propulsion]
short term loss of steering until
emergency generator is
operational
half rudder speed rate
damage to reefer cargo (delayed)
mechanical failure, wrong
repair,
lack of maintenance /
inspection, software failure,
inadequate operation by crew
loss of propulsion [possibly
delayed]

boarding pilot
rough weather and sea conditions
injury to the pilot
damage to pilot boat

DocumentId SAFEDOR-W-04.04.01-2005-06-03-GL-HAZID-2_rev1.3-Final.xls

page 7 of 15

SAFEDOR

Date 2005-11-14
Hazard Identification for Container Ships
D4.4.1 Annex A5

HAZID II: Operations in port etc.
HAZID Worksheet
ID

Failure Mode

8.2

failure or inadequate condition
of
access means (ladder,
gangway)

8.3

operation at low speed

Total

FI
Failure Effects

Failure Causes

Concequence (SI)
Human

Env

Cargo

Risk (RI)
Ship

Human

Env

Cargo

Ship

Remarks

injury to the pilot

4,4

3,0

3,0

3,0

reduced manoeuvrability

6,0

6,5

6,0

6,8

7

7

7

7

33 hazards
Threshold
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Hazard Identification for Container Ships
D4.4.1 Annex A5

SAFEDOR
HAZID III: Open sea voyage
FI

HAZID Worksheet
ID

Failure Mode

1.
1.1

Large Ship Motions
Loss of deck containers

Failure Effects

Failure Causes

Concequence (SI)
Human

Env

Cargo

Risk (RI)
Ship

Human

Env

Cargo

Ship

Remarks

inappropriate lashing (human
factors), changing lashing
requirements due to changing
stowage plan, material failure,
extreme roll motions
6,3

pollution of environment
loss of cargo
change of CoG
increased heeling
damage to ship structure and
propeller
injuries and/or fatalities to crew

6,0
4,0

6,8
6,0
5,0

6,0
5,0

4,0

5,0

4,0
6,7
5,3

5,5

4,3
1.2

shifting containers
danger to ship structure
damage to cargo
increased heeling
injuries and/or fatalities to crew

6,0
5,0

7,0

3,0
1.3

5,0
3,0

inappropriate stowage of cargo
inside container / on flat racks

damage to container
damage to cargo
damage to tanks or cell guides

7,0
9,0

7,3
7,8

6,3

7,0

6,0

4,7

injuries and/or fatalities to crew
3,3
1.4

structural failure of cell guides

detection by loading
computer

horizontal acceleration
exceeds design values, wrong
position of 9,5 ft containers (no
support)
damage to container
damage to cargo
damage to tanks
injuries and/or fatalities to crew

3,0

6,0
4,0
4,0

5,5
4,5
3,0

5,3
3,0
4,3

4,0

6,0
6,0

7,0

8,0
6,6

5,0
6,0
5,0
5,0
6,0
5,4

2,7
1.5

1.6

extreme roll motions /
parametric rolling

4,0
6,0

extreme pitch motions
damage to lashing
damage to container
loss of anchors

1.7

7,0

propeller racing
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Date 2005-11-14
Hazard Identification for Container Ships
D4.4.1 Annex A5

SAFEDOR
HAZID III: Open sea voyage
HAZID Worksheet
ID

Failure Mode

FI
Failure Effects

Failure Causes

main engine overspeed
(variable pitch) propeller
damage
reduction or loss engine power

Concequence (SI)
Human

Env

Cargo

Risk (RI)
Ship

Human

Env

Cargo

Ship

6,0

5,6

5,0

5,8

Remarks

6,0
loss of manoeuvrability,
broaching - to, potential loss of
ship
1.8

damage to fore ship hull
plastic deformation of
structural members
water ingress (damage)
1.9

loosening of equipment

not properly secured
injuries to crew
damage to other equipment

1.10

6,8

6,0

5,0

6,0

6,5
6,0
6,8

6,0
6,7

6,0
6,3

6,0
7,0

3,0
6,4
4,0
6,4
4,0

4,0
7,2

green water due to beam and
following seas

7,0
5,0

water ingress into fuel tanks

4,0
6,0

3,0

2,0
7,2
6,0
5,0

5,8

5,5

6,3

4,5

6,0

5,3

4,8

6,0

4,5

3,0

5,8

5,3
3,0
4,5
4,5

5,3

5,0

5,8

5,5

9,0

ventilation head lost
overfilling of tank
oil pollution through vent heads

1.13

water ingress into day tank
loss of propulsion
loss of electric power
loss of manoeuvrability,
broaching - to, potential loss of
ship

2.
2.1

6,4

water ingress through
ventilation ducts, inappropriate
speed and/or course, typhoon
damage to containers
damage to deck fittings
injuries to crew
flooding of steering gear
compartment, loss of steering,
potential loss of ship

1.12

5,5

green water due to head seas
damage to wave breaker
damage to containers
damage to foredeck fittings
(winches, hatches, pipings)

1.11

6,0

bow slamming

5,0
5,8
5,0

6,0
3,0
4,3

Machinery failure
damage to auxiliary machinery
5,0
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Date 2005-11-14
Hazard Identification for Container Ships
D4.4.1 Annex A5

SAFEDOR
HAZID III: Open sea voyage
HAZID Worksheet
ID

Failure Mode

2.2

main engine failure

FI
Failure Effects

Failure Causes

auxiliary engine failure

Risk (RI)
Ship

Human

5,5

Env

5,8

6,0
6,0

failure of non-redundant
propulsion component

Cargo

Ship

Remarks

6,0

5,8

7,0

5,8
6,0

5,8

6,0

6,3

5,8

5,8

6,0

6,0

5,8

5,5

6,0

6,0

5,8

mechanical failure, wrong
repair,
lack of maintenance /
inspection, software failure,
inadequete operation by crew
immediate loss of propulsion,
see above (worst case
scenario)

2.5

Cargo

internal failure, e.g. disrupted
supply of essential supplies
possible blackout
loss of main engine power
possible loss of
manoeuvrability, broaching to, potential loss of ship

2.4

Env

internal failure, e.g. disrupted
supply of essential supplies
loss of maneuvr. , broaching to, potential loss of ship

2.3

Concequence (SI)
Human

failure of non-redundant
steering component

mechanical failure, wrong
repair,
lack of maintenance /
inspection, software failure,
inadequete operation by crew
immediate loss of steering, see
above (worst case scenario)

2.6

mechanical failure, wrong
repair,
lack of maintenance /
inspection, software failure,
inadequete operation by crew

failure of common auxiliary
system to main engine and
diesel generators

blackout
loss of power and propulsion
[possibly delayed]
2.7

failure of common auxiliary
system to diesel generators

6,0

5,8

6,0

5,4

6,0

5,8

6,0

5,2

mechanical failure, wrong
repair,
lack of maintenance /
inspection, software failure,
inadequete operation by crew
blackout
loss of power and loss of vital
supplies to main engine
[resulting in loss of propulsion]
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Date 2005-11-14
Hazard Identification for Container Ships
D4.4.1 Annex A5

SAFEDOR
HAZID III: Open sea voyage
HAZID Worksheet
ID

Failure Mode

FI
Failure Effects

Failure Causes

Concequence (SI)
Human

Env

Cargo

Risk (RI)
Ship

Human

Env

short term loss of steering until
emergency generator is
operational
half rudder speed rate
damage to reefer cargo
(delayed)
2.8

failure of non-redundant
auxiliary system to main engine

Cargo

5,4
mechanical failure, wrong
repair,
lack of maintenance /
inspection, software failure,
inadequete operation by crew

Extreme Weather
heavy rain (more than 10 l/m2)

5,4

bilge pumps according to rules
not sufficient
damage to cargo
loss of stability (for open-top)
free surface effect (for opentop)
excessive bending moments
(for open-top)
possible fatalities (for opentop)
hatches over freeboard nonweathertight (standard
construction, large ships)

4.
4.1

Unlawful act (piracy,
security)
piracy

6,0

5.1

5,8
4,8

6,0
5,0

5,0

4,0
4,8

4,0

3,0

7,0

limited visibility around the
ship, reduced speed

bomb

ISPS
6,4

6,0

7,0

7,2

6,2
wrong declaration of cargo,
see ISPS

loss of cargo
loss of lives
loss of ship
5.

7,0
4,5

5,0

loss of cargo
loss of lives
loss of ship
4.2

Remarks

5,3
5,3

loss of propulsion, possibly
delayed
3.
3.1

Ship

4,4
4,6
6,0

5,0

5,2

Structural failure (hull,
watertight doors) including
foundering
ballast water exchange
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Date 2005-11-14
Hazard Identification for Container Ships
D4.4.1 Annex A5

SAFEDOR
HAZID III: Open sea voyage
HAZID Worksheet
ID

Failure Mode

FI
Failure Effects

Failure Causes

Concequence (SI)
Human

Env

Cargo

Risk (RI)
Ship

Human

Env

Cargo

Ship

Remarks

excessive bending moments
possibly resulting in foundering
5,0

5,3

6,3

6,5

6,0
6,0
6,3

5,6
5,0
9,0

6,0
6,0
5,3
6,0

7,6
6,4
7,0
6,3

overpressure in tanks possibly
resulting in rupture of tanks

5.2

7,0

6,0

flooding of rooms
stability problems

7,0

5,0

cracks, damage to structure
flooding
loss of cargo
loss of ship

5,0
4,0
4,0
5,5

6,5

fatigue material

6.

Collision

6.1

communication problem

low technical communication
quality, language
wrong navigational decision
wrong operational decisions

6.2

6,0

6,0

6,3

6,3

failure in loading planning,
failure in loading,

5,0

6,0

5,7

detection by loading
5,7 computer

technical failure of navigation
equipment (radar, GPS, ),

5,8

4,5

6,0

5,0

5,0
6,5
5,3
5,0

5,0
7,0

7,0
7,5

6,2
7,0

7

7

7

7

Contact
contact floating obstacle
(container, ice berg)
structural damage (hull,
propeller, rudder)
damage to ship / loss of ship
injuries, fatalities
pollution

Total

unclear responsibilities

visibility line increased
collision with smaller crafts

7.
7.1

5,0
5,8

33

5,0

hazards
Threshold
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