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Abstract: In recent years, accidents in maritime transport of bulk cargoes which are able to liquefy have sharply increased, resulting in 

total loss of vessels and crew casualties.  In order to increase safety at sea, it is necessary to examine circumstances leading to cargo lique-

faction on board vessels and the precautionary measures which should be taken, before commencement of loading of such kind of cargoes. 
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1. Introduction 

In 2019 and 2020 the growth in maritime transport and the 

prospects associated with this were sharply affected by the global 

economic and health crisis caused by the COVID pandemic. How-

ever, the importance of maritime transport for trade and economic 

development worldwide is clear from the volumes of freights trans-

ported by sea. Thus, in 2019, more than 80% of the volume of 

world trade, representing approximately 70% of the value of traded 

goods in the world is realized by sea transport on board internation-

al merchant fleet [5]. 

Despite the sectoral changes in the global economy over the 

years, in the whole variety of goods transported by sea, the largest 

share over 47% falls on bulk cargoes, including grain and solid bulk 

cargoes [5]. 

Many ships are involved in the transport of this large volume of 

seaborne cargo and, of course as a consequence, the probability of 

occurrence of emergency events at sea increases. According to 

Allianz Global Corporate & Specialty, Safety and Shipping Review 

2020, the number of total losses of bulk carriers over 100 GT, for 

the period from 2010 to 2019 amounts to a total of 84 ships [6]. Of 

this, according to Bulk Carrier Casualty Report Years 2010 to 2019 

and trends issued by the International Association of Dry Cargo 

Shipowners (INTERCARGO), 39 bulk carriers over 10000 DWT 

have been identified as lost, which makes an average of 4 ships per 

year. The total tonnage of lost bulk carriers amounts to 2,59 million 

DWT, which is approximately 259 thousand DWT per year [4]. 

Against this background, not many, but with huge damage con-

sequences, accidents related to cargo liquefaction stand out, most 

often leading to loss of vessel, cargo and entire crew. For the period 

from 2010 to 2019, statistics show 8 accidents related to cargo 

liquefaction, resulting in total loss of ship and cargo and the loss of 

106 lives, or an average of 17 lives lost per year [4], [7]. 

 

 

 

 

 

In fig. 1, these statistics are presented in the form of a compara-

tive analysis of the causes and the consequences that led to the 

sinking of bulk carriers. 

 

 

The analysis of the statistical data from fig. 1, raises before the 

Maritime Community the urgency of the issue related to insuring 

the safety of navigation in the transport of this type of cargo. 

2. Discussion 

Cargo liquefaction is common problem concerning granulated 

solid bulk cargoes with high moisture content transported by sea in 

bulk. Such cargoes may appear to be in a relatively dry granular 

state when loaded, and yet may contain sufficient moisture to be-

come fluid under the stimulus of compaction and the vibration 

which occurs during the voyage (fig. 2). Consequently following 

ship’s motion, the cargo may shift sufficiently to capsize the vessel. 

The process of liquefaction of solid bulk cargoes other than 

grain transported in bulk has been studied insufficiently and there-

fore insurance of ship safety when such cargoes are transported by 

sea is based on practical experience and has no theoretical explana-

tion. The only requirement in this regard, regulated by IMO in the 

IMSBC Code, is that concentrates or other cargoes which may 

liquefy shall only be accepted for loading when the actual moisture 

content of the cargo is less than its Transportable Moisture Limit 

(TML) [1]. 

From the conducted investigations of accidents and the observa-

tions and experiments made on the behavior of the liquefied cargo, 

it can be assumed that as a result of the liquefaction, the cargo in the 

hold of the ship acquires a three-layer configuration (fig. 3). The 

first layer (1) is a solid mass of cargo deposited on the bottom sur-

face of the cargo hold. The second layer (2) includes a clay liquid 

mass, and the upper layer (3) – a liquid phase of mixture of filtered 

water and powder and small particles of the cargo. 

 
Fig. 2: Iron ore cargo before and after liquefaction. 

 

 

 
Fig. 3. Three layer configuration of liquefied cargo in ship cargo holds. 

 

Fig. 1: Causal – consequence analysis of the total losses of bulk carri-

ers over 10000 DWT transporting cargoes in bulk which are able to 

liquefy. 
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 As a result of the stratification of the liquefied cargo in the car-

go holds of the ship, it can be concluded that the maritime accidents 

during the transport of this type of cargo is caused by two danger-

ous factors: 

1. The adverse effect of the liquefied part of the cargo with its 

free surface – layer (3), on the metacentric height GM, which is the 

main criterion for the stability of the ship; 

2. The shift (sliding) of the clay liquid part of the cargo – layer 

(2), to one of the two sides of the ship, which leads to the appear-

ance of residual list of the vessel (fig. 4). 

 

The free surface of the liquefied part of the cargo always de-

creases the metacentric height by the value GM , which can be 

determined by the formula: 

(1)                 


3b.l.C
GM   

where C  – is a coefficient; determined by tables and depends on 

the type and nature of the cargo holds of the vessel; 

 l, b – are respectively the largest length and width of the 

cargo hold at the height of the liquefied part of the cargo within; 

  - displacement of the vessel. 

The impact of the cargo shift is determined mainly by the heel-

ing moment obtained due to cargo sliding against one of the ship 

sides. Then, when the ship is heeled with an angle of heel  , the 

static moments of the cargo, related to the planes XOZ and XOY 

will increase as follows:  

(2)    ;Vy)(m)(m vxzxz   

(3)    )zz(z(V)(m vvvxyxz    

This causes a shift of the position of the center of gravity of the 

ship, which will move from point G to point G1 (fig. 5), determined 

by formulas: 
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It follows from the analysis of formula (5) that under certain 

circumstances and conditions, the decrease of metacentric height 

due to cargo liquefaction with a correction gZ may be large 

enough to capsize the vessel. 

Metacentric height is the most important factor of the stability 

of the vessel, characterizing the level of its safety in terms of pre-

venting its capsizing. In this regard, there are regulatory require-

ments set out by the IMO [2], [3]. The problem is that quantitative 

criteria for assessing the stability of the ship in order to prevent 

cargo shift are defined for grain bulk cargoes only. 

In the investigations of maritime accidents related to the loss of 

ships carrying cargoes which are able to liquefy, in addition to the 

above theoretical justifications for the accidents, it was found that 

all of them (ships) had made a voyage from several hours to several 

days before cargo liquefaction happens [7]. During this time, all 

wrecked ships have suffered heavy pitching and rolling with ampli-

tudes of 10° to 35° on both sides and periods of roll of 7 to 15 

seconds. Waves have breaked onto the vessels construction causing 

heavy shocks and vibrations shaking the ships hull. 

Fig. 6 and fig. 7 show the graphs of list growth of the sips that 

wrecked in the period from 2010 to 2019. 

It has been also established that accidents in all cases investi-

gated, have the following common features: 

1. After the completion of the loading, the cargo in the holds 

had its usual appearance and when the ship sailed, its stability was 

not in doubt. Ships as a rule completed loading at even keel, without 

any or with a list less than 10; 

2. In all cases, the ships have capsized;  

3. According to the results of accident investigations, the cause 

of all of this accidents is the cargo liquefaction and in the vast ma-

jority of cases, the humidity of the cargo was or was seriously sus-

pected not to be determined correctly and/or not has been con-

 

Fig. 6: Dynamics of list growth before capsizing of m/v „Jian 
Fu Star”, „Hong Wei” и „Bulk Jupiter” represented in 

minutes. 

 

 

Fig. 4: Residual list of a vessel as a result as a result of 

cargo liquefaction in the cargo holds. 

 

Fig. 5: Change of stability lever due to shift of cargo. 
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trolled, as a result of which it has exceeded the maximum permissi-

ble transportable moisture limit. 

 

3. Conclusion 
Based on the theoretical considerations and the analysis of the  

information from the investigations of the maritime accidents re-

lated to the total loss of ships carrying cargoes which are able to 

liquefy, the following two main problems can be brought out, which 

should stay to the attention of the Maritime Community and should 

be guidelines for their solution: 

- the first problem is that operating solely on the assessment of 

the development of emergencies (according to the marine casualty 

investigations) of a single ship, it is impossible to carry out with a 

sufficient confidence factor a similar analysis of the causes and the 

consequences of accidents related to the shift of cargoes which are 

able to liquefy during their transport with other vessel involved in 

such kind of accidents. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It should also be noted that often cargo liquefaction and conse-

quent cargo shift are not always root causes for the maritime acci-

dents, but are consequences. 

Therefore, in order to solve the first problem and to prevent ma-

ritime accidents with ships, it is necessary to study and to under-

stand the physical causes of liquefaction and shifting of cargoes 

transported in bulk and the occurrence of initial list or unexpected 

capsizing of the ship and to assess the dynamics of its development 

over time. 

- the other problem as shown by the investigations of casualties 

at sea with ships carrying solid bulk cargoes prone to liquefy and to 

shift is related to the risk assessment when taking decisions during 

management of the safety in shipping in the events of an emergency 

at sea. 

Therefore, on the basis of the results of the investigations of 

maritime casualties, it is necessary to study and to confirm the 

relationship between the ergatic system “ship-cargo-human (opera-

tor)” to solve the problems of accidents in the transport of this kind 

of cargoes and to develop relevant rules and methodologies for the 

prevention of emergencies and accidents, including the necessary 

control of the conformity of the transport acceptability of the cargo 

before its loading on board the vessel. 
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Фиг.7: Dynamics of list growth before capsizing of m/v „Nasko   

Diamond”, „Bright Ruby” и „Trans Summer” represented in hours 
and minutes.. 
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