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Solid Bulk Cargoes Which May Shift in the Vessel’s Cargo Hold
During the Voyage Due to Liquefaction, etc:
Essential Points and Precautions for Safe Transportation

0 [FUsIC 0 Introduction

[ 125 B A 5 W% &4 K 53 il HY i R BE Some kinds of cargoes such as mineral
THERE P ST ko T (8- 4R - T B0 O concentrates, coal with fine particles and
KR 3008 B 2 T B T 55 ) S P B R gypsum may have high moisture content.

~ N j ) ) Any of these kinds of cargoes might shift in
RECESTRATEDZABEL, ZhicERL the hold due to the vessel’s rolling, pitching

TR KRAEARE AT A BELE LD B E LA DD | and/or vibration during the voyage. This
OB AT E RIS B AZERHDE T, may cause a heavy list and loss of control,
which could result in the vessel capsizing
and sinking in the worst case scenario.

The cargo vessel, "Shokai Maru" went
missing in 1981. Whilst on her voyage from
Rumoi to Shiogama, Japan, she developed a
heavy list due to the cargo having liquefied
and shifted. The vessel was carrying coal in
fine particles. Several crewmembers lost
their lives in the stormy weather. It was
later determined in the findings of the High

Maritime Accident Inquiry Agency that this
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(1) #IR{E-Liquefaction
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type of cargo is susceptible to liquefaction if
the moisture content exceeds a certain
percentage.

In August 1998, a bulk carrier capsized and
sank during a voyage from Indonesia to
Japan. She was laden with nickel ore. One of
the causes speculated was the sliding failure
of the cargo. Similar cases were reported
even thereafter. Recent cases also involved
abnormal list of ships during the voyage
whilst laden with nickel ore, iron ore or
fluorspar.

eShifting of cargo

The mechanism of shifting of solid bulk
cargoes during the voyage will be divided
into two types: liquefaction and sliding
failure.

(1) Liquefaction

By way of the vessel’s pitching, rolling and
vibration, the void spaces between particles
becomes smaller as each particle of cargo
moves. Then, the pressure of voids called
"pore pressure', increases while the friction
force between particles becomes reduced.
Thus, the resisting shearing (tangential)
stress of cargo is lost and the cargo starts
acting like a liquid. This is called
liquefaction. Liquefaction may occur in the
cargoes categorized in Group A of the Code
of Safe Practice for Solid Bulk Cargoes (BC
Code) . It can be summarized below.

When any of these types of cargoes is to be
transported by sea in a solid bulk state, the
Transportable Moisture Limit (TML) should
be determined. For a general cargo vessel,
each of these cargoes must be loaded for
transportation only when the Moisture
Content (MC) of the cargo is lower than
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-SIiding Failure
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TML. There are three kinds of testing
methods used to determine TML. Please see
Appendix 2 of the BC code for details, but
the three testing methods are summarized
as follows;

- Flow Table Method: Whether it may liquefy is
determined by checking its fluid state after the
sample on the table is repeatedly dropped.

- Penetration Method: Whether it may liquefy is
determined by measuring the depth of a
penetration bit from the surface of sample during
its vibration.

- Procter /Fagerberg Method: Whether it may
liquefy is determined by obtaining the relations
(interaction) between MC and the ‘Void Ratio’
of the particles.

The Flow Moisture Point (FMP) is the water
content in weight when the cargo or its
representative sample becomes a fluid. In
the "Flow Table Method", TML of the
material is defined as 90% of FMP. In the
"Penetration Method", the testing method is
different from that of the "Flow Table
Method", while the meaning of FMP and
TML are the same. On the other hand, in
the "Procter/Fagerberg Method", TML is
determined by MC when the ‘degree of
saturation’ (ratio between volume of ‘Void
of particles’and that of water in "Void of
particles’) reaches 70%. FMP will not be
determined in this method.

(2) Sliding Failure

When some types of cargo in the vessel's
hold are affected by acceleration due to the
pitching, rolling and vibration of the vessel,
the static shearing (tangential) stress of the
cargo becomes smaller and the pile of cargo
may collapse. This is referred to as a
"sliding failure". The tangential stress of
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each of cohesive materials varies according
to the extent of its MC. If MC is higher, the
risk of sliding failure is increased. Such a
situation could be seen in gypsum, nickel
ore, etc.

The state of "sliding failure" is different from
that of "liquefaction". Thus, the testing
method to determine TML could not make
sense to prevent sliding failure, since those
will be used only for cargoes which may
liquefy. Also, it should be noted that BC Code
does not specify the names of particular
cargoes which may cause a sliding failure.

Rules and standards for safe
transportation of solid bulk
cargoes
The rules and standards in relation to the
safe transportation of solid bulk cargoes are
found in the following regulations:

(1) International Convention for the
Safety of Life at Sea, 1974 and its
Protocol of 1988, Chapter VI (Carriage
of Cargoes)

It provides for: -

-a country’s duty to ensure the conducting

of...and the supervising of the parties

concerned in the submission of
information on cargo, its proper stowage

and securing — Regulation 1

-a shipper’s duty to submit information on

cargo to the master — Regulation 2

-the requirement to load and trim bulk
cargoes to a reasonable level, as
necessitated by the boundaries of the
cargo space, in order to minimize the risk
of shifting and to maintain adequate

stability. — Regulation 7-4
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(2) BC Code

The Code contains the standards and
conditions for the carriage of solid bulk
cargoes established by IMO. The main
purpose of BC Code is to ensure safe
stowage and carriage of solid bulk cargoes
which may liquefy, and which may shift in
the cargo hold due to the vessel’s rolling
and pitching during the voyage. Relevant
provisions are as follows:

- Angle of repose:

This is the angle of slope when a pile of
cargo collapses — Angle between a
horizontal plane and the cone slope of such
cargo

- Materials in Appendix 1, Group A of BC code:
Any of the materials listed below may
liquefy when loaded in a condition in which
MC is more than TML.

blende (zinc sulphide), calcined pyrites*,
cement copper, chalcopyrite, coal*, coal
slurry, coke breeze, copper concentrate,
copper nickel, copper ore concentrate,
copper precipitate, fish (in bulk), fluorspar?,
galena (lead sulphide), ilmenite clay, iron
concentrate, iron concentrate (pellet feed,
sinter feed), lead and zinc calcines, lead and
zinc middlings, lead concentrate, lead ore
concentrate, lead ore residue, lead silver
concentrate, lead silver ore, lead sulphide,
lead sulphide (galena),
magnetite-taconite, manganese concentrate,

magnetite,

metal sulphide concentrates*, neferine
syenite (mineral), nickel concentrate, nickel
ore concentrate, peat moss*, pentahydrate
crude, pyrites, pyrites-calcined*, pyrites
(cupreous, fine, flotation, or sulphur),
pyritic ash*, pyritic ashes, pyritic cinders,
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silver lead concentrate, silver lead ore
concentrate, sinter, slig-iron ore, zinc and
lead calcines, zinc and lead middlings, zinc
concentrate, zinc ore-burnt, zinc ore-
calamine, zinc ore-concentrates, zinc ore-
crude, zinc sinter, zinc sludge, zinc sulphide,
zinc sulphide (blende)
*: also have chemical hazards
— Section 1 Definitions

* Proper trimming shall be carried out to
minimize the risk of cargo shifting.

- Cargo spaces shall be filled as practicably
as possible, and the cargo shall be spread
as widely as possible to the boundaries of
the cargo space.

-The above general precaution applies to
cohesive bulk cargo such as damp cargoes.

— Section 5 Trimming procedures

- Materials enumerated in Group A have the
characteristic of cohesion, and may liquefy
during the voyage, even if the cargo was
cohesive and trimmed level.

- Liquefaction does not occur when the cargo
contains very small particles only, consists
of large particles or lumps, and contains a
high percentage of air and low moisture
content. Cargo may liquefy if it contains a
certain proportion of small particles and
moisture.

*For example, there is a report as to "Coal";
Coal would not tend to liquefy if the "D10
(the size of 10% particles in weight passes
in the ‘Curve of Grain size distributions
of coal’)" exceeds 2mm of diameter,
provided that its maximum particle size is
not more than 19mm.

- Shifting of cargo caused by liquefaction
may occur when MC exceeds TML. Also,
even if the average MC of cargo is less
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than TML, it would occur when wet and
have a part of higher moisture content,
provided that the water in that cargo
moves freely.

- In the resulting viscous fluid state, cargo
may flow to one side of the vessel upon
rolling, but it may not completely return
with a roll the other way.

-Each cargo shown in Group A shall be
trimmed reasonably and leveled on
completion of loading, irrespective of its
angle of repose.

- Adequate precaution to prevent flooding of
the cargo space shall be maintained during
the voyage.

— Section 7 Cargoes which may liquefy

-Some kinds of cargoes which may liquefy
also have chemical hazards.

— Appendix 1 Individual schedules

of solid bulk cargoes;

Appendix 9 Index of solid bulk cargoes

@Points at issue

(1) Certificate for cargo at loading port
The cargo such as nickel ore has a risk of
cargo shifting if MC is more than a certain
percentage in weight. However, as mentioned,
the testing methods to determine TML in
BC Code could not be applied to ensure safe
transportation of these cargoes.

Accordingly, even if a document such as
"Test for Flow Moisture of Cargo" is issued
for the cargoes other than those listed in
Group A of BC Code, it will not ensure safe
transportation since they are not categorized
as '"cargoes which may liquefy". Thus,
members are requested to pay attention to a
possible risk of cargo shifting for any of
these cargoes even if MC is lower than FMP.
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(2) Difficulties in practice

For the cargo having a risk of sliding failure,
it is necessary to understand the relation
between MC of the cargo and the risk of
sliding failure by measuring the shearing
stress at each stage, and to obtain the limit
of moisture content for safe transportation.
However, such figures would vary according
to the size/angle of slope of the cargo, the
vessel's breadth and the extent of trimming.
Also, much attentions should be paid to a
risk of sliding failure if some portions with
high moisture content exist in the pile of
cargo, though in practice, it would be very
difficult to find it and to reject the loading of
such portions.

Cargo, which has lower shearing stress or
higher moisture content, should not be
loaded for safety of the vessel and her cargo
transportation. For this purpose, it is
necessary to analyze the cargo which is to
be loaded. However, it will take a long time
to pursue such analysis. Also, a lot of data
for MC and the loading experience will have
to be gathered to review the safety of
contemplated transportation. Upon having
reviewed similar recent accidents, we could
not help but conclude that the relevant
cargo information had not been properly
submitted to the carriers, and that sufficient
preventive measures for safe transportation
had not been taken.

6 Precaution — measures for
safe transportation

As stated above, any cargo which contains

certain amount of fine particles and high

moisture content would have a higher risk

of shifting during the voyage. The carrier

shall take the following measures:
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(1) Measures before cargo loading

- The pre-load meeting should be held in a

proper and sufficient way. You should take
account of the risk of liquefaction for
cargoes shown in Group A of BC Code, as
well as bear in mind the risk of sliding
failure for other cargoes which have high
moisture content.

- Inside of the holds where the cargo is to be

loaded should be kept dry. Also, you
should check and confirm that there is no
risk of flooding seawater, for instance by
abnormality of piping in holds, hatch covers
and hull due to crack.

*You should discuss with the relevant

parties at the loading port for measures to
prevent increase in the moisture content,
such as closing the hatch covers, protecting
the cargo from rain prior to loading. In
addition, you should discuss with them the
necessity of tamping/compacting/trimming
the cargo. Carrying out these procedures
would contribute to the safe transportation.

-The latest information about the cargo

should be obtained and confirmed prior to
loading. For the cargoes shown in Group
A of BC code, documents or certificates
including FMP, TML, MC should be
obtained. Also, for the cargoes other than
those in Group A of BC code, you should
try to obtain the latest information as much
as you can.

(2) Measures during loading

- Loading should be suspended if rain occurs

during cargo operations. This includes
taking measures such as; (a) to observe
weather and the possibility of raining
continuously, (b) to close hatch covers and
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(c) to prevent rain drops from entering
into holds. If the cargo was to be loaded by
a barge, attentions should also be paid to
avoid shipping seas to the cargo.

- The holds should be filled over with cargo

to lessen the broken space so that the
possibility of cargo shifting could be
minimized. In case of jumping-load, you
should take account of the vessel's
longitudinal stress and tank top strength.
The dump nickel ore would drop by its
lump state due to cohesion. In such a state,
the cargo should not be dropped from high
position, taking account of possible
damage on the tank top.

*You should reject the loading of cargo if
high MC is observed.

- Compacting of the cargo should be carried
out during loading while the vessel is in the
upright position. It would contribute to
prevent reduction of the cargo height
caused by vibration, etc. during the voyage.
Compacting at every adequate height would
be effective to prevent the cargo from
sliding failure. It is essential that shore
workers should understand the necessity of
compacting of cargo. On the other hand, it
is not clear as to the criteria for rejecting
loading in practice. For the carriers, it is
strongly advised that relevant sentences are
included in shipping documents, e.g. Sailing
Instruction such as; a) trimming shall be
made as per the master’s decision. b) the
loading of cargo shall be rejected unless
performed to the master’s satisfaction.

(3) Measures at completion of loading

- The cargo surface should be trimmed to a
reasonable level as is practicable including
tamping.
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- Taking account of shipping seas on deck

during the voyage, hatch covers should be
properly closed.

-The vessel's longitudinal stress and

stability should be properly calculated.

- The purpose of trimming is to reduce the

height and size of slope of cargo. The
sliding failure of cargo would not occur
easily when the breadth of slope is small.

(4) Measures during the voyage

- The condition of cargo in the holds should

be observed periodically. If the water is
seen on the surface of cargo or the slope of
cargo becomes lower, you should check
whether any of the signs of cargo shifting
mechanisms mentioned before exists, and
the risk of cargo shifting should be
considered. In particular, you should
closely watch the condition of the cargo
when the vessel's situation changes such
as when leaving port and entering the sea.
In the meantime, you should pay close
attentions to any cargo that poses chemical
hazard with respect to crew safety in
entering the holds or any enclosed space to
check the condition of the cargo.

-The hold bilges should be periodically

sounded, recorded and properly discharged.

- For the purpose of drying and preventing

holds from sweat, the ventilation / circulation
inside of cargo holds should be considered.

- You should report the condition of cargo to

the owners/managers/charterers, and
obtain additional measures and routing
advice, etc. from them.

‘You should try to lessen the vessel's

rolling, taking account of the weather and
sea condition.
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@Concluding remarks

The above is the summary on the relevant
issues as to the cargoes, which may shift
during the voyage. Regret to say, on
transporting solid bulk cargoes by general
cargo vessels, we consider that the measures
for safe carriage regulated by relevant rules
and actual practice are not sufficient. In this
situation, it is essential for the carriers/crew
to collect relevant information and carefully
observe the condition of the cargo.

*The amendments to BC code have been
adopted at the 79th Session of IMO
Maritime Safety Committee, in 2006 and it
has been agreed that the code would be
mandatory. The parts to enter into force

will be discussed in the future by the sub-

committee. Currently, the parts of the
Code is scheduled to become compulsory
from around January, 2011.

If, unfortunately, the vessel’s listing occurred
as above, the master should make close
communications with the relevant parties,
and try to lessen the rolling by altering the
course and reducing the speed. Also, you
should assume the vessel's dangerous
situation that ballasting operation (specially,
ballasting to topside tanks) to recover the
list would make her stability worse by ‘free-
water effect’ or ‘top-heavy condition due to
increasing of weight at higher spaces in the
vessel.

In the meantime, since it seems usual that
such accidents occur in rough sea, the
disputes between the parties concerned
would be expected as to the cause if there
had been the problem on cargo or on hull,
flooding due to crack, etc. The owners
should check and maintain the hull,
machinery and equipment including hatch
covers, ventilators and bilge piping in good
condition, and should record/keep the
relevant documents properly.
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