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Management summary

In this report, by means of the BowTie methodology, the possible threats and
consequences of a loss of containers in the North Sea were systematically
inventoried, as also the applied control measures, their effectiveness and whether
these measures could be improved in order to prevent a loss of containers and limit
the consequences as much as possible. This rapport has the characteristics of a
systematic inventory with recommendations, based on which policy decisions can be
made (elsewhere).
At the same time this document describes that loss of containers has taken place in
the North Sea – north of the Wadden islands - in varied amounts and that
sometimes also large amounts of containers are being lost, as was the case with the
MSC Zoe. These events demonstrate that, despite control measures, undesired loss
of container cargo frequently occurs.
During different workshops, a lot of valuable information was gathered, based on
the available expertise. This information is shown in the different detailed BowTies
and is summarised in this report. The outcomes of the workshops were used to
reach a conclusion with regard to concrete improvement areas.
The choice for improvement areas is based on the following questions

Which threats/consequences form the greatest risk ?

Which barriers, with the abovementioned threats and consequences, have
the greatest improvement potential?

Which improvement areas are most feasible, given the practicability and
during which time period?
The workshop sessions on the BowTie ‘Loss of containers in the North Sea’ started
with a brainstorm session about possible threats. Previous risk analyses [3] and a
desk study during which different research- and accident reports were consulted,
formed the basis of this.
In the BowTie, the hazard consists of ‘Shipping with cargo in the North Sea’ with
‘Loss of containers’ as an undesired event. Four main threats derived from the
brainstorm sessions:

design specifications of ships, containers or the lashing system are
exceeded;

weight in the container pile is too large or improperly distributed;

the container or the cargo in the container is not properly secured; and

excessive movements of the ship.
These main threats are part of a complex system and include various underlying
threats (root causes). The main threats are further elaborated in four detailed
BowTies, in order to inventory the various barriers in a structured and organised
way.
An analysis of major accidents shows that incidents only occur as a result of a
combination of factors. This means that multiple threats must take place
simultaneously in order to lead to a loss of containers. Once containers have fallen
overboard, the subsequent types of consequences that may occur are similar. This is
why the right hand side of the BowTie, including the repressive barriers, has been
found to be equal for all four detailed BowTies.
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An overview of the improvement potential per detailed BowTie is shown below. This
concerns the potential to further limit the risk of occurrence or the consequences of
a loss of containers.
Minimal improvement potential

Limited improvement potential

Great improvement potential

Design specifications are exceeded

Weight in container pile is too high or improperly distributed

The container or the cargo in the container is not properly secured

Excessive movements of the ship

Consequences of losing cargo

The majority of the improvement areas requires further investigation, given the
complexity of the system and the different responsibilities within the chain. The
improvement areas are listed below per BowTie and serve as a basis on which policy
decisions can be made (elsewhere).
Design specifications of ships, containers and the lashing system
1. Conduct further investigation on the effects of the developments within
shipping, on containers and lashing material. Inside calculation models, it should
be verified whether the initial values still correspond to the forces that may arise
due to ships getting larger, for instance, or the higher stacking of containers.
Weight in the container pile is too large or improperly distributed
2. Investigate of the possibilities for imposing a sanction to the shipper in case of
incorrect declaration of the VGM.
3. Investigate possibilities to check the weight of containers, for example by use of
a bridge crane at the terminal, in order to identify any errors in the verification
of the weight and to provide the crew with as accurate as possible loading
information.
The container or the cargo in the container is not properly secured
4. Heavy cargo in particular forms a risk if it has not been properly secured in a
container. Investigate the possibilities of imposing stricter requirements for the
securing of heavy types of cargo.
5. Investigate the possibilities for the customs to pay attention to the ways of
securing of the cargo in the container during spot checks.
6. Investigate how P&I clubs handle improperly secured cargo and any
inducements not to disburse in case not properly secured cargo is identified.
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7. Consider the possibilities to intensify enforcement in order to prevent that
lashing is not done in conformity with the CSM. This could be done, for example,
by setting up a Concentrated Inspection Campaign (CIC).
8. Reduce the time pressure on the loading- and lashing process and the
verification checks afterwards to reduce the risk of errors and the risk of loss of
containers and at the same time offer sufficient opportunity for correction.
Excessive movements of the ship
9. Install the CSM such that it takes account of partial loading of the ship and the
excessive movements that could be made by the ship.
10. Investigate which types of ships, in various conditions in the Dutch coastal
region, are sensitive to resonant and parametric rolling. This will enable the
coast guard to give more effective advice in advance, via NAVTEX or marine
radio.
11. Investigate the possibilities to oblige, or at least additionally stimulate from
Protection & Indemnity (P&I) clubs, making use of weather routing services
(such as SPOS).
12. Inform captains and make them aware of the risks of resonant and parametric
rolling, when this may occur and how to act in case these phenomena takes
place.
Consequences of loss of containers
Should a loss of containers occur anyway, effective incident control is important to
limit the consequences. In response to the disaster with the MSC Zoe and the risk
assessment session ‘Salvage operation and effects’, the following improvement
areas were identified in the area of incident control:
13. Investigate manageable possibilities, in cooperation with vessel owners, to
identify infringement of the stowage and to trace containers more quickly in
case of loss at sea. The TNO (Dutch Organisation for Applied Scientific Research)
has already made a start with this [5].
14. In the purchase policy, take account of the fact that a calamities contractor is
contracted, who is able to act quickly and has adequate and sufficient
equipment, knowledge and experience. Training sessions and exercises should
take place together with the contractor by use of scenarios, so that in case of a
crisis, the communication and cooperation runs smoothly.
15. Improve the collaboration between parties by, for example, multidisciplinary
training (safety region). As such, one will know where to find his peer, everyone
will know who is doing what and it will improve the information supply.
16. Keep a list of serious volunteers with contacts, in order to be able to call them in
more quickly and manage them where necessary.
17. Enhance the communication and information supply towards volunteers and
citizens by making better use of social media in case of incidents.
18. Investigate the possibility to deploy drones in order to detect released
hazardous substances during incidents.
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Abbreviation
CIC

Definition
Concentrated Inspection Campaign

CRW

Coordination scheme Waddenzee

CSCa

Container Safety Convention

CSM

Cargo Securing Manual

DGLM

Directorate General Aviation and
Maritime Affairs
Metacentric height

GM
ILT

IMO

Human Environment and Transport
Inspectorate
International Maritime Dangerous
Goods
International Maritime Organization

KVNR

Royal Association of Dutch Ship Owners

LC

Lashing Computer

LM

Loading Module

MARIN
NAVTEX

Maritime Research Institute
Netherlands
NAVigational TEleX

NIOZ

Dutch Institute for Investigation at Sea

OVV

Dutch Safety Board

P&I

Protection & Indemnity

PBMs

Personal Protective Equipment

PSC

Port State Control

RWS WVL

Department of Waterways and Public
Works Water, Traffic & Living
Environment
Department of Waterways and Public
Works Sea and Delta
Second Generation Intact Stability
Criteria

IMDG

RWS ZD
SGISc

SOLAS

Safety of Life at Sea

SPOS

TEU

Ship Performance Optimalisation
System
Standards of Training, Certification and
Watchkeeping
Twenty-Foot Equivalent Unit

VGM

Verified Gross Weight

STCW
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1

Introduction

1.1

Introduction

Over the past few years, loss of containers has taken place in varying amounts, in
the North Sea. Statistics of the World Shipping Council show that worldwide an
average of 1,582 containers fall overboard each year [1]. This average is strongly
influenced however by the absence/presence of major incidents during which,
sometimes, entire ships including their cargo sink. In comparison, annually more
than 800 million “twenty-foot equivalent unit” (TEU) is handled at ports worldwide
[2].
Despite a loss of containers at sea not occurring very often, this could cause great
local problems. During the period of 2009-2018, at least 10 maritime incidents
occurred involving a loss of containers in the North Sea. These were relatively minor
incidents with a loss of 1 - 25 containers. However, in 2019, the MSC Zoe lost 342
containers, north of the Wadden islands. Over the past ten years, the capacity of
containerships has almost doubled, while there have been a number of accidents
involving loss of many containers (see Appendix A - section 1.3).
1.2
Purpose of the report
DG Aviation and Maritime Affairs of the Ministry of Infrastructure and Waterways
have ordered the Department of Waterways and Public Works Water, Traffic & Living
Environment to systematically inventory what (in the broadest sense) the threats
and consequences could be of a loss of containers in the North Sea. In addition,
which control measures (barriers) are being applied, how effective they are and
whether these measures could be improved in order to prevent loss of containers
and limit the consequences as much as possible. This rapport has the characteristics
of a systematic inventory with recommendations based on which policy decisions
can be made (elsewhere).
The loss of containers by the MSC Zoe is an accident that took place under specific
conditions and due to specific causes. The accident (and the subsequent
investigations) provide a lot of new information that was used in this report. The
system of risk control of loss of container cargo, which is key in this report, is
however intended to cover a broader range of possible accidents in this regard.
This report describes the work method and the result of the implemented risk
analysis. The outcomes of different workshops were used to draw a conclusion with
regard to improvement areas.
This choice for improvement areas is based on the following questions:

Which threats/consequences form the greatest risk?

Which barriers in the abovementioned threats and consequences have the
greatest improvement potential?

Which of those points with the greatest improvement potential are the most
feasible, considering practicability and over which time period?
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1.3
Approach
The BowTie ‘Loss of containers in the North Sea’ was drawn up under supervision of Risktec Solutions
B.V., in close cooperation with the RWA experts involved (ZD & WVL), ILT, DGLM and Maritime
Research Institute Netherlands (MARIN). For this purpose, ten meetings were organised, which took place
in morning sessions via Skype, in accordance with the COVID-19-related restrictions. Those involved
were selected on the basis of their knowledge and expertise with regard to the subject.
The meetings were held via Skype, on:
 25 and 27 March 2020;
 1, 3, 8, 10, 15 , 17, 21 and 23 April 2020.
In accordance with the proactive ambition of Rijkswaterstaat, it applies that prevention is better than the
cure. From this perspective, the emphasis of the BowTie is, as such, entirely on the left hand side, which is
the prevention side. The barriers on this side prevent the undesired event (loss of containers) if present as
well as effective. Also the right hand side, the repression side was described. The barriers on this side limit
the consequences after the undesired event has taken place.
The workshop sessions of the BowTie ‘Loss of containers in the North Sea’ started
with a brainstorm session regarding possible threats. Previous risk analyses [3] and
a desk study during which various research- and accident reports were consulted,
formed the basis of this. The desk study can be found in Appendix A and serves as a
reference work for the reader. This desk study comprises information about:

the growth in container transport;

the loss of containers at sea and major incidents;

a description of the container loading process;

maritime movements and the related forces on containers; and

the risk of losing container cargo in the North Sea.
In addition to the ten meetings also two risk assessment sessions were held. The
first session ‘Salvage operation and effects’ took place in Leeuwarden on 25 August
2020. Different experts of Safety Region Fryslân, Coordination Scheme Waddenzee
(CRW), the calamities contractor, Coast guard Netherlands, the Wadden Association,
Royal Dutch Institute for Investigation at Sea (NIOZ), RWS and DGLM attended this
meeting. The emphasis during this session was on identification of improvement
areas in the area of incident control, so as to limit the effects of losing containers.
The second session ‘Port process and Sailing process’, was held on 27 August 2020,
in Rijswijk. This was attended by experts of multiple classification societies, such as
Bureau Veritas, DNVGL. In addition, there were representatives of RWS, ILT, DGLM,
the Pilotage, a container terminal, MARIN, Royal Association of Dutch Vessel Owners
(KVNR) a lash/lashing company and a captain of a containership. During this
session, the possible greatest threats were studied, that could lead to a loss of
containers, and where there are possible improvement areas within the system and
the chain issues.
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2

Construction of BowTie ‘Loss of containers in the North Sea’

In the BowTie, the hazard consists of ‘Shipping with cargo in the North Sea’ with
‘Loss of containers’ as an undesired event. Four main threats derived from the
brainstorm sessions:

design specifications of ships, containers or the lashing system are
exceeded;

weight in the container pile is too high or improperly distributed;

the container or the cargo in the container is not properly secured; and

excessive movements of the ship.
These main threats are part of a complex system and include various underlying
threats (root causes). It was decided to further elaborated the main threats in four
detailed BowTies, in order to inventory the various barriers in a structured and
organised way.
An explanation of the BowTie methodology, the functioning of barriers, escalation
factors and improvement potential is provided in Appendix B.
An analysis of major accidents (Appendix A – section 1.3) shows that incidents only
occur as a result of a combination of factors. This means that multiple threats must
take place simultaneously in order to lead to loss of containers.
Once containers have fallen overboard, the subsequent types of consequences that
may occur are similar. This is why the right hand side of the BowTie, including the
repressive barriers, has been found to be equal for all four detailed BowTies. The
seriousness of the consequences strongly varies, depending on, for instance, the
number of containers lost, the location and the (weather) conditions.
In the following chapters, the underlying threats are highlighted per detailed
BowTie, which, according to the experts, form the greatest risk, as well as the
accompanying identified improvement areas. Finally, the consequences with the
greatest risk are discussed and possible improvement areas will be referenced.
The complete BowTies including escalation factors, are enclosed in Appendix C.
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3

Design specifications are exceeded

Regarding the exceeding of design specifications of ships, containers or the lashing
system, four underlying threats were identified. Table 1 shows the four threats with
further explanation.
Table 1: Underlying threats when exceeding design specifications

Threat

Insufficient strength of
containers

Insufficient strength of the
individual lashing material

Insufficient strength of the
regular lashing system

Applying an incomplete
calculation model

Explanation
For example:
- The container is not suitable for use (design or
manufacturing fault).
- The container is damaged as a result of which the
bearing strength has reduced.
- The container is worn (for example due to
additional wear on the corner post or corner
casting).
The individual lashing material (twist locks and
lashings) shows design/manufacturing faults, is
damaged or worn.
The regular lashing system (for example the lashing
bridge and lashing eyes) shows
design/manufacturing faults, is damaged or worn.
This includes the bulkheads (cell guides) below, that
keep containers in place.
This concerns outdated or incomplete calculations to
determine the forces (arising from the movements
of the ship, surge and the wind) that must be
resisted by the lashing system and the container
stacking. If the results are calculated too low, forces
may be higher in practice and as a result criteria
may be exceeded.
Examples of this are the deformation of the hull, the
forces exerted on mutual container piles, excessive
accelerations in case of ships being too stable and
non-linear effects in the interaction of forces
between containers, twist locks and lashings.

The four underlying threats with control measures are shown on the following page
(Image 1). These preventive control measures function as a barrier, so underlying
threats cannot lead (if fully effective) to a main threat. The barriers have been
positioned in chronological order in the BowTie. Barriers that occur first were placed
on the left hand side and control measures that act as a last barrier are placed on
the far right.
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Image 1: BowTie ‘Exceeding of design specifications’
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In the first BowTie, the experts did not make a clear distinction between the risk of
occurrence and the effect of the underlying threats. That is why all of them were
discussed and elaborated below.
3.1
Insufficient strength of containers
The first threat, insufficient strength of containers, has five barriers at different
locations within the chain. A container is designed, inspected and maintained on the
basis of the International Convention for Safe Containers (CSC). During the
production of containers, a container is fitted with a Safety Approval Plate, stating
the production date, the maximum gross weight and the maximum permissible
stacking weight of the container. Five years after production at the latest, a
container must be inspected and subsequently after every 30 months. However, the
condition of a container may change continuously during use.
In order to compensate this, visual inspections of containers take place at various
spots within the chain. This visual inspection, including making photos, is often
conducted because of the risk of liability for the different batches. In case of a
damage report, the vessel owner will subsequently decide whether a container can
or cannot be taken on board. The question, however, is whether a visual inspection
will suffice. In addition, it was identified that the requirements in the CSC have not
changed, despite the developments (scale-up) in the shipping industry, such as
higher stacking of containers.
3.2
Insufficient strength of the individual/regular lashing material
The barriers in the individual and regular lashing material are very much alike. Just
as with the containers, it was identified that the design of the lashing material has
not changed despite the developments within maritime construction over the last
years. Besides, there is the question whether the testing method still reflects the
way in which the lashing material is applied in practice.
The lashing material of most ships does not have a class score and is, subsequently,
not inspected annually by a classification society. The quality of lashing material
may swiftly deteriorate when used, for which reason the exact condition of the
lashing material is unclear in-between possible inspections. Finally, the lashing
material is difficult to maintain, because it is virtually always being used. The only
party who frequently have their hands on the lashing material, is the lashing
company, but they do not have a concrete quality role. Lashing material will only be
taken out of use if it is visibly defective or does not function properly.
3.3
Application of an incomplete calculation model
Classification societies continuously work on further development of calculation
models. The capacity of containerships has nearly doubled over the last ten years.
Calculation models are based on statistics of the most common conditions, yet the
fact remains that one ship can show a behaviour different from that of other ships
under different conditions. It is not always understood exactly how stability and
behaviour of the ship works and whether the different developments within the
shipping industry can be kept up with. Also, it is unclear to what extent new
calculation models and legislation is applied for existing ships.
3.4


Improvement areas
Conduct further investigation on the effects of the developments within the
shipping industry with regard to containers and lashing material. For
calculation models, it must be checked whether the initial values still
correspond to the forces that may occur, for instance, due to the increased
size of ships and the higher stacking of containers.
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4

Weight in the container pile is too big or improperly distributed

Regarding too high a weight in the container pile or an incorrect distribution of the
weight, five underlying threats were identified. For further explanation about the
loading process, please refer to Appendix A – Chapter 2.
Table 2 lists the five threats with an explanation.
Table 2: Underlying threats regarding weight of the stack is too big or improperly distributed

Threat
Stack weight planned too
high by loading planners
Vertical weight balance in
stack not according to
planning
Cargo in containers heavier
than specified

Incorrect use of the LC & LM

Extra weight on top of the
stack due to placing of
stowage bins

Explanation
Maximisation of the cargo to be shipped, by
loading planners. This could lead to exceeding the
design requirements.
Cargo deviates from the loading plan loaded by
terminal staff. This could have happened
consciously or unconsciously under commercial
pressure. For example due to containers being
delivered too late (or in a deviating order).
Conscious or unconscious specification of a lower
weight.
This could happen because of:
- Unconsciously making mistakes in the Lashing
Computer (LC) & Loading Module (LM).
- Deliberate manipulation to get the desired
results, or acceptance of local overweight.
Stowage bins (open containers with lashing
material) are often placed at the end or in the
middle of the ship.
This extra weight was not included in the loading
plan, due to which the maximum stack weight
could be exceeded.

The five underlying threats with control measures are shown in Image 2.
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Image 2: BowTie ‘Weight in the container pile is too big or incorrectly divided’
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Regarding the BowTie ‘Weight in the container pile is too big or improperly
distributed’ the two underlying threats with the highest risk were highlighted by the
experts present. That is, the cargo in containers is heavier than specified and the
stack weight was planned too high by the loading planners. There is such a
relatively slight risk that the other underlying will occur, that this report will not
discuss this any further.
4.1
Cargo in containers is heavier than specified
The experts indicated that it frequently so happens that too low a Verified Gross
Weight (VGM) is provided. The shipper can verify the weight of a container in two
different ways. By weighing the container or by adding the weight of the cargo to
the weight of the container.
There are cases in which the weight of a container was no less than 330% higher
than was specified. The odd container with a higher weight will not have significant
impact on the total weight, but it could largely influence the power distribution in a
single stack if the heavy container is (too) high in the pile.
It sometimes happens that ships are deeper in the water because multiple
containers are heavier than indicated by their VGM. Before setting off, the captain
will enter the draught of the ship into the loading computer, estimating the weight
of the cargo. The captain ultimately is responsible but is under commercial pressure
to sail away on time, not being aware how the additional weight has been divided
across the ship. The experts indicate that it is mainly important to know where the
additional weight is situated. An incorrect distribution of the weight is not
necessarily a problem, as long as one is aware in time and able to take action.
There is ample room for compensation and these issues can usually be solved
easily.
4.2
Stack weight is too high
During the loading process general alignment takes place, the definitive stowage
plan is made available only shortly before sailing out. This is where a rough check is
performed by the crew, by use of the LC & LM. Sailing out is not done in case of too
high a stack weight. Here also the ultimate responsibility is with the captain. The
captain is traditionally responsible for the ship, the cargo and the crew. Due to
scale-up, the captain’s overview and influence regarding the container shipping
process has however reduced dramatically.
4.3



Improvement areas
Investigate the possibilities for imposing a sanction to the shipper in case of
incorrect declaration of the VGM.
Investigate possibilities to verify the weight of containers, for example by
use of the bridge crane at the terminal, to identify possible errors in the
verification of the weight and to provide the crew with as accurate as
possible loading information.
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5

The container or cargo in the container is not properly secured

Regarding the main threat ‘the container or the cargo in the container is not
properly secured’, four underlying threats were identified. These threats are
described in Table 3.
Table 3: Underlying threats for “the container or the cargo in the container is not properly
secured”

Threat

Incorrect lashing of containers

Accidental or premature loosening of
containers

Forgetting to secure the hatch

Incorrect securing of cargo in
containers

Explanation
For example:
- Twist locks are not locked. This could
be caused by the use of a mix of
different types of twist locks, due to
which it is not always clear whether or
not a twist lock is locked.
- Lashing rods are not sufficiently tight
are were tightened too much
- Sometimes lashing rods are
deliberately not applied for smaller
distances (taking a calculated risk).
This could happen accidentally during
unloading in one port, while the
containers should be unloaded only at
the next port (and are not secured once
again).
In addition, on board small ships,
where the crew themselves do the
lashing, it sometimes so happens that
lashing rods are loosened even before
arrival at a port.
Some containers are positioned on
hatches and if these have not been
properly secured, the stack may
become detached from the ship.
For example barrels that are not 100%
full or loose bulk material that may
cause damage to the container I the
event of movement. This could also
cause weight shifting in the cargo
during maritime movements, causing
forces and resonances.

The threats and control measures in the BowTie are shown in Image 3.
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Image 3: BowTie ‘Container or cargo in the container is not properly secured’
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The experts were unanimous in their choice for the two threats which, from their
perspective, form the greatest risk. These are the incorrect securing of cargo in
containers and the incorrect lashing of containers. The other threats generally occur
less frequently and will not be discussed any further within the report.
Predominantly with regard to large container ships automatically closing hatches
apply sluit and containers may usually only be detached by a certified lashing
company. For small container ships (feeders) this does not apply and lashing is
taken care of by the crew themselves.
5.1
Incorrect securing of cargo in containers
Incorrectly secured cargo in a container will affect the integrity of a container, as a
result of which it may collapse. As soon as the container is closed, there are no
more options to verify if the cargo has been properly secured. As such, the shipper
is responsible for the correct securing of the cargo in containers. Incorrectly secured
cargo in containers not only forms a risk for the integrity of a container, but this
could also result in fire [4].
5.2
Incorrect lashing of containers
During inspections, ILT identified that most ships did not comply with the CSM. No
differences were identified between small and large ships and whether or not a
certified lashing company was used. After the loading and lashing of each container
bay the crew performs an inspection (spot checks) to see if everything is properly
secured. This inspection is often impeded by poor sight. Lashing, for instance, could
be performed at night or during bad weather when there is no sight on the higher
positioned containers. After loading the last container, the crew has only 15 minutes
to inspect the last points (the ship must leave). If the cargo has not been properly
lashed, this will only go wrong in combination with severe maritime movements.
5.3









Improvement areas
In general heavy cargo forms a risk if this has not been properly secured in
a container. Investigate the possibilities to impose stricter requirements on
the securing of heavy types of cargo.
Investigate the possibilities for the customs to pay attention to the ways of
securing of the cargo in the container during spot checks
Investigate how P&I clubs handle improperly secured cargo and any
inducements not to carry out disbursement in case not properly secured
cargo is identified.
Consider the possibilities to intensify enforcement in order to prevent that
lashing is not done in conformity with the CSM. This could be done, for
example, by setting up a Concentrated Inspection Campaign (CIC).
Reduce the time pressure on the loading- and lashing process and the
verifying checks afterwards to reduce the risk of errors and the risk of loss
of containers and at the same time offer enough opportunity for correction.
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6

Excessive movements of the ship

The experts have identified seven underlying threats that may result in excessive
movements. Table 4 mentions the different threats with an explanation. For further
explanation about maritime movements and their effects on containers, please refer
to Appendix A – Chapter 3.
Table 4: Underlying threats excessive movements of the ship

Threat

Parametric rolling

Resonant rolling ship
Sudden and firm change of
direction
Touching the seabed

Local ambient conditions
Extreme weather

Failure of critical systems
during bad weather

Explanation
A phenomenon where the roll angle of a ship heavily
increases in a short period of time. This is created in
case of waves straight from the front or straight
from the back if the “own cycle” of the ship is equal
to or twice as long as the encounter cycle (period),
the relative wave period experienced by the ship.
Parametric rolling mainly occurs on ships with a low
roll-damping.
A phenomenon what may occur during athwartship
waves. If the wave period is just as long as the
natural rolling period of the ship (resonance), a ship
may heavily meander.
For example, during an emergency operation to
avert direct dangers.
Due to heavy rolling or heaving, ship could touch
the seabed in shallow waters. This risk mainly
applies to large, wide ships.
For example, difference in depth, presence of
sandbanks which results in other wave patterns
under certain weather conditions.
Storm resulting in effects like green water, high
waves and wind speed.
For example, a black out, failure of the rudder,
engine, etc.
Environmental restriction may cause a ship not to
be able to use sufficient power to sail safely during
extreme weather conditions.

The threats and identified barriers in the BowTie are shown in Image 4.
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Image 4: BowTie 'Excessive movements of the ship'
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During excessive movements of the ship, two threats forming the highest risks are
highlighted by the expert’s present. These are resonant rolling and extreme
weather.
6.1
Resonant rolling
The recent MARIN investigation on maritime movements for three different types of
containerships [4] has clearly shown that complex conditions may arise in the North
Sea for different types of ships, where the different great forces on a ship and the
containers arise on deck. This could result in loss of deck cargo, as forces become
too extreme.
Resonant rolling is a phenomenon that may occur during a specific combination of
the wave period and direction of the waves relative to a ship. This does not
necessarily take place during extreme weather conditions. This phenomenon takes
place on the ocean, but it is insufficiently stressed that this also frequently occurs in
coastal areas. Ships that sail the ocean are fully loaded and are, as such, very
stable. On coastal routes, often part of the cargo has already been unloaded and
possibly the initial stability (GM) no longer correspond to the band width of the CSM,
all the more if ships do not have ballast tanks. This makes ships more vulnerable for
phenomena like resonant and parametric rolling.
In the coastal sea, the waves become shorter and higher. In addition, relative to the
open ocean, the North Sea has fewer opportunities for averting. Sandbanks, wind
parks and other barriers make it more difficult to adjust the direction or speed. This
makes it harder for the captain to modify the direction, or the natural rolling period
of the ship, relative to the direction of the waves and the wave period.
6.2
Extreme weather
An itinerary, including weather forecast, is available 9 days in advance at the
earliest. Ship owners have the possibility to call in external assistance, such as
weather routing services, for example the Ship Performance Optimalisation System
(SPOS), if extreme weather is expected. In addition, classification societies, if
available on those ships, have 3D models that can be used to calculate loads in the
system and to determine the ship’s behaviour for various conditions. Knowledge of
local ambient conditions is often limited however, so relying on the pilot and the
coast guard is essential. The coast guard transmits NAVTEX messages with
meteorological forecasts and warnings and has the possibility to communicate with
individual ships by use of the marine radio.
A number of initiatives have been initiated to perform further investigation on
maritime movements and their effects on the lashing material and containers.
MARIN is currently investigating the possibilities for a Joint Industry Project (JIP)
named Top Tier. This JIP is a continuation of the Joint Industry Project Lashing@Sea
(2006 - 2009) and aims to prevent loss of containers at sea. This goal should be
achieved by identifying improvements and recommend with regard to, for instance,
loading and securing of containers supported by both the sector and the
government.
In addition, there is an international initiative within IMO to oblige bulk and
container ships to have an electronic inclinometer on board. The inclinometer
indicates the slope of the ship. If the inclination angle is too big, the captain can
adjust the direction or speed to reduce the rolling or pitching of the ship.
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6.3







Improvement areas
Install the CSM such that partial loading of the ship is taken into account, as
well as the possible excessive movements that the ship could make.
Investigate which types of ships in different conditions near the Dutch
coastal zone are sensitive to resonant and parametric rolling. This will
enable the coast guard to give more specified advice in advance, by use of
NAVTEX or the marine radio.
Investigate the possibilities to make weather routing services (e.g. SPOS)
compulsory, or to additionally stimulate this from Protection & Indemnity
(P&I) clubs.
Inform captains and make them aware of the risks of resonant and
parametric rolling, when this could occur and how to act in case this
phenomenon takes place.
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7

Consequences of losing containers

As indicated in chapter 2, the right-hand side of the four detailed BowTies has been
found to be the same. In the BowTie, five consequences of losing containers in the
North Sea were elaborated and are shown, with explanation, in Table 5.
In chapter 4 of the desk study more information can be found about the effects of
loss of containers on the North Sea.
Table 5: Consequences in case of loss of containers

Implication

Environmental damage

Damage to ships in the vicinity

Economic damage due to limited
accessibility

Damage to infrastructure

Victims as a result of released
hazardous substances

Explanation
The cargo contains material that will harm
the environment when being released. The
damage could have various natures, as
well as different sizes and durations.
Substances that were not classified as
environmentally harmful can still be a
burden for the environment, for instance
plastic and semi-finished goods.
Other ships could incur damage due to a
collision with lost containers. Damage
could also be caused when containers end
up in nets of fishing vessels.
This risk particularly applies to small and
fast ships.
Partial or complete blockage of a sailing
route or waterway, resulting in financial
consequences for various parties (fishing
industry/vessel owners/port/sea sand
mining).
For example containers that sink and hit
pipelines and cables on the seabed, or
channels (near ports), water barriers,
coastal defence.
In this instance, the focus is on indirect
victims, in case, for instance, hazardous
substances washing ashore, or get trapped
in fishing nets.
For direct victims, like the crew on the
container ship other barriers apply, such
as personal protective equipment (PPE),
which were not mentioned in the BowTie.

For the implication direct damage to the container ship and the cargo, for example
due to leakage and fire, please refer to the BowTie reporting ‘Safety risks North Sea’
[3]. The right-hand side of the BowTie, including control measures, is shown on the
following page (Image 5).
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Image 5: BowTie 'Consequenties verlies van containers'
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The team of experts addressed the consequences of environmental damage and
victims as a result of released hazardous substances, as effects with the greatest
risk.
7.1
Environmental damage
Five barriers were identified that prevent environmental damage or at least reduce
the effects. The team considers the structural integrity of containers as a weak
barrier, because virtually all containers break down in the sea. With regard to the
strength of the packaging, it was discussed that products that are difficult to
recover, for example microplastics and other tiny materials, are often not
designated as a hazardous substance, within the IMDG code.
The packaging was designed for safe and efficient use and not for possible loss at
sea. The consulted experts deem it unrealistic to expect producers to make their
packaging significantly stronger, due to the tiny risk that their products end up in
the environment as a result of an occasional loss of containers at sea.
Incident control by the government is deployable 24/7, in which case the first
priority is humans, subsequently the environment and finally the equipment. It
should be noted that the causer is given a certain amount of time by the Duty
Officer (OvD) to take action, before the government provides assistance. It was
indicated that, particularly for major incidents, there is often a judicial process in the
background, whereby the vessel owner, or the insurer, makes an ethical judgment
before taking action. In this instance, often the causer is not sufficiently
knowledgeable about the area or has no contacts at salvage services.
The OvD has been authorised and is responsible for the time granted to the causer.
Scaling-up is possible here, while awaiting the causer’s response. Extensive
regulations apply to purchase and outsourcing by the authorities to guarantee
transparent and open tenders. This involves barriers for the private outsourcing of
services to a party. These regulations can adversely affect the speed of action of the
government. For that reason, the government usually has work-on-call contracts
with service providers, but not all activities can be properly estimated in advance. It
so happens that in case of an outsourcing, a service provider is selected because of
the low price, while there are severe doubts whether this service provider will be
capable of performing the work ordered in case of sizeable calamities. A proper
purchase policy is therefore found to be essential, by the team of experts. In
addition, good collaboration between parties and a clear role assignment is crucial
for effective incident control.
The use of volunteers has positive side effects as citizens will feel committed.
Regarding the effectivity of the use during an incident there is a clear distinction
between serious volunteers and “visitors”. Serious volunteers can be properly
directed and managed. By contrast, there volunteers who soon give up and are in
fact only there to make photographs. Responsibility is also an issue when volunteers
are managed by the authorities. Together with Rijkswaterstaat, the Safety Region is
working on improvement of this process in order to guarantee the safety and the
effectivity of the use of volunteers. Training of a fixed group of volunteers who can
be employed for different response operations forms part of this.
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7.2
Victims as a result of released hazardous substances
The implication “possible victims due to escaped hazardous substances from the lost
cargo” also has five control measures. Regarding the structural integrity of
containers it applies, just as with environmental damage, that virtually all containers
will break in the sea. Messages containing container codes are swiftly spread on
social media, to prevent people from opening containers with hazardous substances.
However, experience shows that people, regardless of warnings, still often open
them.
In terms of the strength of the packaging, there are additional requirements from
the IMDG code for hazardous substances. However, the designation of a substance
as “hazardous” and the additional packaging requirements within IMDG are
dependent on the quantity in the packaging (limited quantity). A large number of
small packages that are released will still form a hazard to man and environment.
In case of loss or release of hazardous substances, the coast guard will primarily
notify the shipping industry by use of NAVTEX and marine radio. In addition, they
can determine the wind direction and inform the Safety Region, in order to have
measures taken on the coast. In this instance, the coast guard also has the
possibility to make individual calls and send warning to ships that ignore the
recommendations. In addition, there is the possibility to transmit a media message
for the recreational shipping.
As soon as the shipping bill with hazardous substances is known, it is presented to
experts to determine the effects for man and environment and to advise on the
incident management. The citizen is not regarded as self-sufficient and people are
kept away until it is clear what is going on. The effectivity of the demarcation of the
area is strongly dependent on the scale and degree of spreading of the incident.
The clearing up of the hazardous substances is executed by a salvage company, up
to a flame point of 60 degrees. In the event of substances with a lower flame point,
the fire brigade will take over. Principle in the salvage activities is: if the safety of
the salvage workers cannot be guaranteed, no salvage will take place (at that
moment). Rijkswaterstaat is to decide about the work method with regard to this.
7.3










Improvement areas
Investigate, in cooperation with vessel owners, workable possibilities to
identify any infringements on the stowage integrity and to trace containers
more quickly when they are lost at sea. The TNO has already made a start
with this [5].
Regarding the purchase policy, take into account that a calamities contractor
is being contracted who can act swiftly and has the adequate equipment,
knowledge and experience. The contractor must be practised and trained
with going through scenarios, so that communication and collaboration will
go smoothly during a crisis.
Improve the collaboration between parties by, for example, multidisciplinary
exercises (safety region). As such, parties can more easily find each other,
while everyone knows who does what and the supply of information will be
improved.
Keep a list of serious volunteers with contacts, to be able to reach them
more quickly and manage them when necessary.
Improve the communication and supply of information towards volunteers
by better utilising social media in case of incidents.
Investigate the possibility to make use of drones to detect the released
hazardous substances in case of incidents.
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8

Findings and recommendations

In this report, by means of the BowTie methodology, the possible threats and
consequences of a loss of containers in the North Sea were systematically
inventoried, as also the applied control measures, their effectiveness and whether
these measures could be improved in order to prevent a loss of containers and
limited the consequences as much as possible. This rapport has the characteristics
of a systematic inventory with recommendations based on which policy decisions
can be made (elsewhere).
At the same time this document describes that loss of containers has taken place in
the North Sea – north of the Wadden islands - in varied amounts and that
sometimes also large amounts of containers are being lost, as was the case with the
MSC Zoe. These events demonstrate that, despite control measures, undesired loss
of container cargo frequently occurs.
During different workshops a lot of valuable information was gathered, based on the
available expertise. This information is shown in the different detailed BowTies and
is summarised in this report. The outcomes of the workshops were used to reach a
conclusion with regard to concrete improvement areas.
The choice for improvement areas is based on the following questions:

Which threats/consequences form the greatest risk ?

Which barriers for the abovementioned threats and consequences have the
greatest improvement potential?

Which improvement areas are most feasible, given the practicability, and
over which period of time?
An overview of the improvement potential per BowTie is shown in
Image 6.

Image 6: Improvement potential per BowTie to reduce the risk of loss of containers in the
North Sea
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The majority of the improvement areas requires further investigation, given the
complexity of the system and the different responsibilities within the chain. The
improvement areas are listed below per BowTie and serve as a basis upon which
policy decisions can be made (elsewhere).
Design specifications of ships, containers and the lashing system
1. Conduct further investigation on the effects of the developments within
shipping, on containers and lashing material. Inside calculation models, it should
be verified whether the initial values still correspond to the forces that may arise
due to ships getting larger, for instance, or the higher stacking of containers.
Weight in the container pile is too large or improperly distributed
2. Investigate of the possibilities for imposing a sanction to the shipper in case of
incorrect declaration of the VGM.
3. Investigate possibilities to check the weight of containers, for example by use of
a bridge crane at the terminal, in order to identify any errors in the verification
of the weight and to provide the crew with as accurate as possible loading
information.
The container or the cargo in the container is not properly secured
4. Heavy cargo in particular forms a risk if it has not been properly secured in a
container. Investigate the possibilities of imposing stricter requirements for the
securing of heavy types of cargo.
5. Investigate the possibilities for the customs to pay attention to the ways of
securing of the cargo in the container during spot checks.
6. Investigate how P&I clubs handle improperly secured cargo and any
inducements not to disburse in case not properly secured cargo is identified.
7. Consider the possibilities to intensify enforcement in order to prevent that
lashing is not done in conformity with the CSM. This could be done, for example,
by setting up a Concentrated Inspection Campaign (CIC).
8. Reduce the time pressure on the loading and lashing process and the verification
checks afterwards to reduce the risk of errors and the risk of loss of containers
and at the same time offer sufficient opportunity for correction.
Excessive movements of the ship
9. Install the CSM such that it takes account of partial loading of the ship and the
excessive movements that could be made by the ship.
10. Investigate which types of ships, in various conditions in the Dutch coastal
region, are sensitive to resonant and parametric rolling. This will enable the
coast guard to give more effective advice in advance via NAVTEX or marine
radio.
11. Investigate the possibilities to oblige, or at least additionally stimulate from
Protection & Indemnity (P&I) clubs, making use of weather routing services
(such as SPOS).
12. Inform captains and make them aware of the risks of resonant and parametric
rolling, when this may occur and how to act in case these phenomena takes
place.

Consequences of loss of containers
Should a loss of containers occur anyway, effective incident control is important to
limit the consequences. In response to the disaster with the MSC Zoe and the risk
assessment session ‘Salvage operation and effects’, the following improvement
areas were identified in the area of incident control:
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13. Investigate manageable possibilities, in cooperation with vessel owners, to
identify infringement of the stowage and to trace containers more quickly in
case of loss at sea. The TNO (Dutch Organisation for Applied Scientific Research)
has already made a start with this [5].
14. In the purchase policy, take account of the fact that a calamities contractor is
contracted, who is able to act quickly and has adequate and sufficient
equipment, knowledge and experience. Training sessions and exercises should
take place together with the contractor by use of scenarios, so that in case of a
crisis, the communication and cooperation runs smoothly.
15. Improve the collaboration between parties by, for example, multidisciplinary
training (safety region). As such, one will know where to find his peer, everyone
will know who is doing what and it will improve the information supply.
16. Keep a list of serious volunteers with contacts, in order to be able to call them in
more quickly and manage them where necessary.
17. Enhance the communication and information supply towards volunteers and
citizens by making better use of social media in case of incidents.
Investigate the possibility to deploy drones in order to detect released
hazardous substances during incidents
18. Investigation the possibility to make use of drones to detect released hazardous
substances in case of incidents.
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Appendix A: Desk study

The desk study is organised as follows:
1

Introduction
1.1
The growth of container transport
1.2 Loss of containers at sea
1.3
Major incidents worldwide

2

Container loading proces
2.1
Requirements on containers
2.2
Loading containers
2.3
The securing of containers
2.4
Cargo Securing Manual

3

Maritime movements and the forces on containers

4

Risk of loss of containers in the North Sea
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1

Introduction

1.1
The growth of container transport
Since the early ‘90’s the transport of containers by use of ships has grown
significantly. Today, 80% of all general cargo is transported using containers,
whereas in 2019, 793.26 million “twenty-foot equivalent unit” (TEU) was handled in
ports worldwide [1].
Since 2010, the Netherlands have had the highest tonnage of goods processed in
seaports of all EU-countries [2]. The tonnage of containers to and from the
Netherlands has more than doubled during the period of 2000-2014, see Image 7.
Million tons

Wet bulk

Dry bulk

Image 7: Overseas goods transport to and from the Netherlands, 2000-2014. Source: [2]

In order to be able to satisfy this demand and to transport containers in the most
efficient and cheapest way possible, the size of containerships has increased
significantly. Currently, the largest containerships have a capacity of nearly 24,000
TEU and are about 400 metres long and 60 metres wide.
Image 8 shows a representation of the growth in capacity of containerships over the
last 50 years.
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Image 8: De groei in grootte van containerschepen 1968-2019. Bron: [11]

1.2
Loss of containers at sea
There is no international method to monitor the loss of goods at sea, so no concrete
data is available with regard to lost containers and their contents. On the basis of
surveys (2008-2016), the World Shipping Council, representing 80% of the capacity
of containerships worldwide, that on average 1,582 containers fall overboard
annually [3]. 64% of those involve a catastrophic incident during which a ship loses
more than 50 containers at the same time.
The amount of contains lost substantially varies per year, due to the presence or
absence of major incidents per year.
Given the number of containers that are shipped each year, things hardly ever go
wrong. A great loss of containers could indeed form a local problem. On a global
scale, only 2.6% of all containers lost at sea, is recovered [4]. If an incident takes
places near the coast, such as with the MSC Zoe, it is easier to recover them, then
outside in the deep open sea. Depending on the goods in containers, lost cargo
could have a significant impact on the environment.
1.3
Major incidents worldwide
In this section, an overview is provided of recent incidents worldwide, involving a
great loss of containers and the related underlying causes. Only the incidents where
ships lost containers during the sail, were looked at. Losing containers is the main
implication for these incidents. Accidents during which entire ships, including the
containers on board sank, or were lost for another reason, were not included.
Svendborg Maersk
On 14 February 2014, the Svendborg Maersk was positioned in the Bay of Biscay,
experiencing extreme weather. The extreme weather conditions led to heavy rolling
of the ship, as a result of which 517 containers fell overboard. The Danish Maritime
Accident Investigation Board has attributed the accident to poorly assessable
weather and wave conditions and the subsequent maritime movements. In this
case, possibly earlier modifications on the ship, due to changes in class regulations,
affected the capability of the ship to operate in bad weather. Finally, the captain had
but limited access to data, or their meaning, in combination with the generic Safety
Management System (SMS) procedures, to use effectively [5].
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Ever Smart
On 29 October 2017, the Ever Smart, with a capacity of 7024 TEU, lost part of its
cargo on the way from Taipei (Taiwan) to Los Angeles (USA). The far rear container
bay had collapsed, whereby 42 containers got lost at sea and an additional 34 out of
the total of 151 were damaged. The Marine Accident Investigation Branch (MAIB)
concluded:

The loss of the containers did most likely take place during a period of heavy
pitching (turning around the horizontal axis) and vibration in the hull of the ship.

A combination of factors has led to a loss of the integrity of the container bay;
particularly because the containers were not recovered, nor secured in
accordance with the Cargo Securing Manual.

Perhaps the lashing rods were not properly attached and a number of twist locks
in the container bay had corroded and should not have been applied.

The loading computer of the ship was not utilised to the full and warnings that
the set limits were exceeded were not acknowledged or were ignored.

The declared weight of the containers in the bay deviated less than 5% for 39 of
the 107 containers (approx. 36%), but this was not regarded as a significant
factor that led to the incident.
CMA CGM G. Washington
On 20 January 2018, the CMA CGM G. Washington lost 137 containers in the
northern part of the Pacific, during severe weather conditions. The exact cause of
the loss of containers could not be determined. However, is it likely that the
collapsing of the container stack by structural failure of one of the containers as a
result of a combination of factors, including:

excessive weight in the stack (due to incorrectly positioned or too heavy
containers);

excessive forces or contact between containers due to loose lashings;

and/or existing damage or poor material condition of a container [6].
It was also identified that 53 ft containers structurally failed during the heavy rolling
movement, as a result of erroneous assumption of the strength of the containers in
the Cargo Securing Manual (CSM) and the loading computer of the ship [6].
YM Efficiency
On the 1st of June 2018, the YM Efficiency was sailing near Newcastle (Australia), in
very rough seas at gale force, when suddenly it started rolling heavily. As a
consequence, 81 containers fell overboard and another 62 got damaged. Also the
ship incurred structural damage, for instance on its lashing bridges. Part of the
cargo washed on the beaches of New South Wales.
The Australian Transport Safety Bureau (ATSB) concluded that the weight and the
distribution of the containers in the affected container bays were such that the
calculated forces exceeded the permitted limits, as specified in the CSM, [7].
The investigation also showed that the stowage had not been checked on
compliance with the calculated lashing force, during the load planning process
ashore. As such, the crew had limited options to solve the shortcomings, at a late
stage in the process, without influencing the activities.
In addition, the crew members did not use the load computer system of the ship
and the lashing calculation program to verify whether the stowage would suffice,
probably due to their insufficient knowledge of the system.
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MSC Zoe
On 1 January 2019, the MSC Zoe lost a total of 342 containers, 297 of which north
of Ameland, the rest a few hours later, north of Borkum, Germany, during a northwestern storm. The circumstances of the accident were investigated by an
international investigation team consisting of the Panama Maritime Authority (PMA),
the German Bundesstelle für Seeunfalluntersuchung (BSU) and the Dutch Safety
Board.
In the event of a north-western wind in the North Sea, waves have ample
opportunity to build up in height and “peak period” up to the Dutch and German
Wadden islands coasts. In these conditions, the direction of the waves is
perpendicular to the shipping route. It has been demonstrated that large, wide
containerships in particular can make heavy movements because of this, due to
their high degree of stability. This stability ensures that for this type of ships it is
initially more difficult to bring them out of balance, but also that they more quickly
turn back into their balanced position [8].
In case of athwartship waves, with a wave period rather similar to the own rolling
period of a ship, the ship will strongly react to the waves, as a consequence of
resonance, which will lead to severe rolling movement. This will cause high
acceleration to the ship, containers and lashing material. The phenomena of contact
with the seabed, green water and wave impact could enhance these accelerations
and/or forces even more. If the design values are exceeded, lashing systems and/or
containers may collapse, as a result of which containers could fall overboard [8].
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2

Container loading process

2.1
Requirements on containers
The International Convention for Safe Containers (CSC) sets international
requirements for the testing, inspecting and approving of containers. During the
production, a container is fitted with a Safety Approval Plate (Image 9) after
approval by an acknowledged classification society, for example Lloyd’s Register.

Image 9: CSC Safety Approval Plate [18]

The most important information stated on a Safety Approval Plate is the production
date, the maximum gross weight and the maximum permissible stacking weight of
the container. Five years after production at the latest, a container must be
inspected and subsequently after every 30 months. As an alternative, the owner or
renter of the container can choose to regularly inspect his containers by means of
an approved inspection programme. In this case, the Safety Approval Plate of a
container is provided with the marking “ACEP” (Approved Continuous Examination
Program).
2.2
Loading containers
The order of the loading and unloading at the lower and upper deck is optimised on
the basis of container destinations and the sea route plan. It is important here that
the stability of the ship is retained and that the forces on the containers, the lashing
rods and twist locks do not become too strong.
The loading plan is drawn up based on the following information:

container type;

declared weight;

destination;

type of cargo (toxic/flammable);

bearing strength of the container.
Specialised software is often used as a resource to compose the loading and lashing
plan. This software, also known as Lashing Computer and Loading Module (LC &
LM), calculates the optimal loading and lashing method, while taking account of the
design specifications of the ship, the containers and the lashing material.
The quality of the loading, with regard to safety, is dependent on the reliability of
the information provided, the applied software and the expertise of the operator.
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Containers can be loaded onto the ship as soon as a section has been cleared. On
the basis of the loading plan, the containers are positioned in order in the buffer
area, by use of a bridge crane. The lashers will place twist locks on the corners of
the container, after which the bridge crane will place it in the designated position on
board. If (semi)automatic twist locks are applied, then these will activate and secure
the container to the ones on top and underneath.
2.3
The securing of containers
As soon as all containers have been stacked in the sections, they are secured by a
team of dockworkers, also known as lashers. This implies the securing of manual
twist locks and the positioning of lashing rods and tensioning screws. This individual
lashing material is attached to the regular lashing system on the ship, for instance
to the lashing bridge and lashing eyes. The lashing rods are mounted diagonally
from the corners of the container to the lashing burg and tensioned by use of
tensioning screws. The standardised design of containers results in identical ways of
lashing on ships. Image 10 shows a typical set-up.

Image 10: Lasing of containers on Edith Maersk [18]

The work of the lashers is supervised by the crew of the ship. The crew is ultimately
responsible for the cargo and the condition of the lashing material, but the lashing
company must sign to confirm that the cargo has been secured in conformity with
the CSM. During the sail, the integrity and fixings of the cargo are regularly checked
by the crew. Where necessary, the lashing rods will be retightened, which is often
done before and after going through bad weather conditions. Problems with higher
positioned containers can however not be solved at sea.
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2.4
Cargo Securing Manual
The SOLAS-convention (International Convention for the Safety or Life at Sea)
describes which requirements should be met by seagoing vessels in the area of
construction, equipment and crew. Provisions VI/5 and VII/5 dictate that the cargo,
loading units and transport load units are loaded, stowed, and secured throughout
the journey, in accordance with the Administration approved CSM. The instructions
in the CSM must at least be similar to the guidelines formulated by the organisation.
Seagoing vessels under foreign flag are checked on complying with, for instance the
SOLAS-convention by means of Port State Control (PSC) inspections. In Europe, PSC
inspections are conducted harmonised, as part of the Paris Memorandum of
Understanding (PMOU).
In 2001, a Concentrated Inspection Campaign (CiC) was conducted on the securing
of cargo in the PMOU region. The following points were studied:

The presence of a CSM on board;

whether the CSM was approved;

whether the storage and securing of cargo was in accordance with the CSM;

the quality of the lashing material.
A total of 1,072 inspections were performed between 1 March and 31 May 2001.
This showed that in 31% of the cases the quality of the lashing material was poor or
even bad [9]. Predominantly the quality of twist locks was often very bad. In
addition, it was observed that in 1 out of 10 cases, the cargo was not stored or
secured in accordance with the CSM [9].
In 2020 the IL&T reported about the inspection data gathered on 69 ships [10] For
67% of the investigated ships, IL&T established breaches in relation to the loading
and securing of containers and lashing materials to be applied. This percentage of
breaches includes the 36% of the inspected seagoing vessels that had not secured
containers in accordance with the provisions of the Cargo Securing Manual (CSM).
In 2009 this applied to 46% of the inspected seagoing vessels.
Regarding the investigated ships, the inspectorate identified a total of 87
shortcomings. That is 1.3 shortcomings per ship on average. The breaches differ per
ship and go from less serious to very serious. Less serious for example, is failing to
mark trays with rejected lashing material. An example of very serious is failing to
secure containers or not or insufficient securing of the cargo hold hatches.
On 2 ships that were investigated, the deck load of the inspected container stacks
was too high. On 8 ships, the order of the weights in the stacked containers was not
in accordance with the CSM. Also, 1 ship had a number of containers on board of
which the crew didn’t know the exact weight. In 2009, in more than 50% of the
cases, the weights did not match the weights in the loading documents.
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3

Maritime movements and the forces on containers

A ship can be moved in six different ways by external forces like the waves and the
wind. These six movements, also known as “degrees of freedom”, take place across
three axes, over which a ship can rotate and shift. These are:







yawing, rotating around the perpendicular axis (yaw);
rolling, rotating around the longitudinal axis (roll);
pitching, rotating around the transverse axis (pitch);
heaving, the up and down movements of the ship (heave);
swaying, the ship moving to the left and right (sway);
surging, the ship moving forward and backwards (surge).

The six free movements with English denominations are shown in Image 11.

Image 11: Ship movements of containership [6]
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Maritime movements exert forces on the containers. In addition, containers are
exposed to forces of the lashing material and the power of the wind (predominantly
the higher positioned containers).
Vertical forces (post load) on a pile of containers, the weight of the containers
themselves and additional forces, due to the heaving of the ship, act on the corners
of a container. When a ship makes a yawing movement, horizontal pressure is
exerted on the containers lower in the pile. This horizontal pressure is compensated
by the tensile force of the twist locks and lashing rods. If this tensile force becomes
too high, the twist lock may become detached or the integrity of the container could
be impaired [6]. Image 12 shows an indication of the maximum forces that could be
exerted on containers.

Image 12: Maximum forces on containers [6].
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The magnitude of the horizontal forces (racking force) on the containers will differ,
dependent on the location on the ship. The greatest horizontal forces are expected
mainly on containers positioned near the bow or the hull of the ship.
Large and wide containerships in particular are sensitive to rolling and athwart ship
positions [8]. Due to the high stability of these ships, high acceleration may occur,
able to exert enormous forces on the containers. During tests in a basin, in response
to the incident with the MSC Zoe, accelerations exceeding 5 m/s2 were measured
[8].
In addition to the direct impact of maritime movements, there are also indirect
effects that could lead to excessive forces on the containers. An example of this is
touching the seabed in case of severe heaving and rolling movements. When the
ship hits the seabed, tremors and deformations will take place in the hull of the
ship, that will be referred to the containers on deck. This could cause the high piles
of containers to be loaded in different directions and being vibrated, as a result of
which containers and lashing rings could get damaged [8].
During extreme weather conditions, the waves could hit the deck or the cargo on
deck. This phenomenon is known as ‘green water’. This could lead to damage on the
lower containers or containers can get lifted as a consequence of which the lashing
rings are damaged. In addition, the green water could exert a lateral force to the
higher positioned containers causing the container piles to push against each other.
The IMO has compiled obligatory and recommended criteria for the intact stability
demands of ships. The current requirements date back from 2008 (Resolution
MSC.267(85) Adoption of the international code on intact stability). However, as the
design of ships is quickly evolving, this is reviewed on a regular basis. The current
requirements assume stability demands in calm water only.
The Second Generation Intact Stability Criteria (SGISc) that was completed early
2020, assumes five stability failure possibilities: complete loss of stability,
parametric rolling, surf-riding/broaching, dead ship and excessive accelerations.
So far, the SGISc only concerns a manual with the intended purpose to provide
input for the design of safer ships.
The method applied to accurately model and predict maritime movements can be
performed by means of a calculation model, a model test or a combination thereof.
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4

Risk of loss of containers in the North Sea

Loss of containers ultimately takes place due to incorrect lashing of cargo or the
structural failure of the container or twist locks. In both instances, all containers in
the pile above the detached container will also fall. This could lead to a dominoeffect as depicted in Image 13.

Image 13: Loss of cargo: domino-effect. [6]

Over the last few years, loss of containers has taken place in various amounts, in
the North Sea above Wadden islands. Also internationally, different accidents took
place involving loss of many containers (paragraph 1.3). These events show that,
despite the control measures, undesired loss of container cargo still frequently
occurs.
By the end of 2019, the safety region Fryslân published a Risk-inventory Waddenzee
area [11] including the addressing of the risk of ‘pollution of a Wadden sea area
with mess on the beaches, coast and in the salt marshes’ as a consequence of losing
part of the cargo of a container ship in a storm. The risk estimation of the scenario
is that a risk of occurrence of 0.5 – 5% (once every 200 years up to once per 20
years) is accompanied by, inter alia, the following effects:
•
•

•
•

•
•

Serious nuisance for the shipping (navigability of (the routes in) the sea
area has reduced due to floating containers and waste);
Regional deterioration of the integrity of the territory (>40 km2 for 2-6
days). This concerns the factual or functional loss, or the inaccessibility of –
parts of – the region;
Effects on the supply of basic necessities for more than 4,000 persons for a
maximum of 6 hours;
Disruption of the daily lives of more than 4,000 people for more than 1 week
and a social-psychological impact on more than 400 people for more than 1
week;
Costs totalling more than 20 million Euros;
Long-term regional violation of nature and environment in Wadden sea.
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The risk of loss of container cargo in the Dutch part of the North Sea concerns a risk
in a greater area than considered by VR Fryslân. However, the scenario described by
VR Fryslân is also the main scenario for the entire Dutch part of the North Sea:
•

Accident data shows that containers are lost more often north of the
Wadden islands. The risk of loss of containers for the other parts of the
North Sea is lower.
The effect of the location, where loss of cargo occurs, on the risk may differ,
due to the specific sensitivity of the area. Due to the fact that it also serves
as a nursery, the Wadden sea has a high ecological value and is considered
as a vulnerable nature area. This area also has a great scenic value, for
which reason the Wadden sea was awarded Unesco world heritage.
The impact on the environment is the greatest if cargo ends up in the
Wadden sea and washes on the coast.

•

•

A loss of containers in open sea will lead to dispersion of material across a greater
area than when the material is lost near the coast (within the territorial sea). Due to
distance, depth and dispersion, cleaning up of material in open see is more difficult
than closer to the shore.
The risk assessment of the VR Fryslân on the Wadden sea area converted to scales
for the North Sea provides the following risk overview:
Effect

Score

Risk of occurrence

<1 per 20 years

Victims

0

Class 3
Environmental effect1

Class 4

Economic damage2

15 – 100 Million.

Description
Happens less than once
every 20 years in the North
Sea.
No victims
Significant impact. Serious
disruption for more than 1
year in a medium size
area. Recovery of
environmental values
largely possible within a
few years’ time.
Great impact. Extensive
damage to flora and fauna
in a large area, of which
recovery will take years.
Obstruction of channel for
multiple days, and/or
material damage.

Accident statistics of loss of containers also clearly show that loss of smaller
amounts of containers is more likely to occur and usually involves less extensive
effects.

1

There is uncertainty regarding the size of the environmental effect of such an accident, which
is mainly connected to the seriousness of the environmental damage and the speed at which
recovery will take place.
2 Damage to the economy includes damage to ship and environment, infrastructure, standstill
of transport systems (particularly when there are no alternatives).
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Appendix B: BowTie methodology

1.1
BowTie methodology
In a BowTie, an undesired event is key. The aim of a BowTie therefore to make it
transparent what an undesired event could be caused by and what the possible
consequences could be, see Image 14.
Principle of a BowTie is that a hazard is lurking and there are conceivable threats
that, together, could lead to an undesired event.

Image 14: Basic structure of a BowTie

A BowTie consists of two parts, the left and the right hand side of the undesired
event. The left hand side shows a description of possible threats of an undesired
event and the right hand side shows a description of the possible consequences.
This distinction is important because, from a safety management perspective,
initially one will look at how an unsafe situation can be prevented (proactively) and
only in second instance, one will look at how to limit possible consequences
(reactive).
1.2
Barriers
In order to prevent a threat from leading to an undesired event, control measures
are taken. These control measures are expressed in the BowTie as barriers and
could, for example, relate to contexts and guidelines, training and education of
personnel or available resources. This also goes for the right hand side of the
BowTie whereby control measures (barriers) can be deployed to reduce the
seriousness of the completion. These barriers are shown in Image 15.
During the workshop it was observed that an barrier should consist of:

identification/detection;

taking a decision about what to do; and

perform the actual action.
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Image 15: Basic BowTie with barriers

During extreme weather, the mitigating barrier “Support from ashore” can only be
effective if:

the approaching bad weather is soon detected (weather forecasts);

a person with the appropriate knowledge decides to inform the ship (e.g. on
basis of training);

and, the captain, in response to the information from the shore, adjusts the
direction and/or speed.
These 3 actions are shown in the single barrier “Support from ashore”. The
estimation of the effectivity is based on the entire barrier.
The effectivity of a barrier to control a risk, differs. Ideally, a barrier will function in
100% of the cases. In reality there are almost always conditions as a result of which
a barrier does not or only partially function. A combination of ‘holes’ in barriers
could eventually lead to an undesired event or the subsequent consequences sill
occurring. (Image 16).

Image 16: Swiss cheese model

In order to make these holes transparent in the BowTie, escalation factors are
applied. An escalation factor reduces the effectivity of a barrier, sometimes to such
an extent that a barrier becomes entirely ineffective. Image 17 shows an example of
this.
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Image 17: Escalation factors (yellow) for a barrier

1.3
Effectivity of barriers
Part of the scope is the ranking of the effectivity of barriers. During the ranking of
the effectivity of barriers, possible escalation factors are taken into account. For the
classification of effectivity, a ranking from 1 to 10 was chose, which was previously
applied for the BowTie ‘Safety risks North Sea’ [3].
The numbers from 1 to 10 with their description are shown in Table 6: Effectivity
classification of barriers
in the BowTie, the effectivity of barriers can be read from the effectivity indicator
(de vertical beam above an barrier) with similar colour indication.
Table 6: Effectivity classification of barriers

Grade
10
9
8
7
6
5
4
3
2
1

description
Excellent
Very good
Good
More than adequate
Adequate
Doubtful/poor
Insufficient
Largely insufficient
Bad
Very bad
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It should be noted here that the ranking of the barriers is based on the knowledge
and experience of the experts present and may thus change with time and people in
the team. Due to possible different factors and conditions present, it could be
difficult to assign an unambiguous score to a barrier. The effectivity of a barrier
serves only as an indication.
1.4
Improvement potential
The focus in the report is on the identification of possible improvement areas.
Naturally, barriers with a low effectivity often also have a higher improvement
potential. In order to visualise the improvement potential in the BowTie, a gradation
was created: minimal, a limited or a major improvement potential. An example is
provided in Image 18.

Image 18: Indication of improvement potential of barriers in the BowTie

If an barrier has a minimal improvement potential, no improvement areas were
identified by the experts. In case of a limited improvement potential, some
improvement areas have been noticed, but they are difficult to realise, or have a
long process within, for example the IMO, before they become effective in practice.
For barriers with a great improvement potential, concrete improvement areas were
elaborated by the experts, that can be found in the conclusion.
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Appendix C: Detailed BowTies

The cut-outs of BowTies are shown on the following pages. The order is the same as
in the reporting:
1

BowTie ‘Exceeding of design specifications’

2

BowTie ‘Weight in the stack is too big or improperly distributed’

3

BowTie ‘The container or the cargo in the container is not properly secured’

4

BowTie ‘Excessive movements of the ship’

5

BowTie ‘Consequences loss of containers’
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1

BowTie ‘Exceeding of design specifications’
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2

BowTie ‘Weight in the stack is too big or improperly distributed’
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3

BowTie ‘The container or the cargo in the container is not properly secured’
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4

BowTie ‘Excessivemovements of the ship’
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5

BowTie ‘Consequences loss of containers’
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