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Abstract 
Supervising ship stability during cargo operations poses many difficulties. Factors such as reduction of ship 

crew and constant pursuit of profit, resulting in increased cargo handling capacity in ports, put ship officers in 

an uneasy situation, which leads to accidents. This paper outlines the main problem of supervising ship 

stability in port, such as loss of stability and hull structural stress. It also shows how an LCHS simulator can 

contribute to examine the concepts of stability loss and hull loads. 
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Abstrakt 
Nadzór nad statecznością statku w czasie operacji portowych stwarza wiele trudności. Redukcja załogi statku 

i ciągłe dążenie do zysku w wyniku zwiększenia przepustowości portów w obsłudze ładunków naraża obsłu-

gę statku na sytuacje zagrożenia. Niniejszy artykuł porusza główne problemy nadzoru nad statecznością stat-

ku w porcie. Pokazuje również, jak symulator LCHS może przyczynić się do badań nad utratą stateczności 

i naprężeniami kadłuba dla dowolnie modelowanego statku. 

 

 

LNG fleet 

The current world fleet of LNG carriers is rela-

tively small; as of August 2005 it contained 183 

ships, but it has been increasing steadily in recent 

years. A further increase is expected in the years to 

come, however this trend was supposed to cease in 

2010. In March 2010, there were 337 LNG ships 

engaged in the deep-sea movement of LNG [1]. In 

addition to an increase in numbers, the size of LNG 

carriers is also growing. The average size of the 

global fleet vessel is almost 120 000 m
3
, whereas 

the average size of vessels currently in shipyards’ 

order books is 156 000 m
3
 [2]. LNG super-tankers 

with capacities of 200 000–250 000 m
3
 are foreseen 

in the near future. New massive Q-flex carriers 

(with capacity of 216 000 cubic meters) and Q-max 

ships (265 000 cubic meters) entered service late in 

2010.  

All types of LNG carriers are double-hull ves-

sels, but there exist different cargo containment 

systems of independent or integrated cargo tanks. 

The current LNG fleet is dominated by two main 

types of vessel designs, i.e. membrane or and spher-

ical tank designs. In membrane tank designs, the 

cargo containment system consists of a very thin 

invar or stainless steel double-walled, insulated 

cargo envelope that is structurally supported by the 
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ship’s hull. The spherical tank carriers, also referred 

to as Moss tankers, have spherical aluminum tanks 

or prismatic-shaped stainless steel tanks that are 

self-supporting within the ship’s hull. These tanks 

are insulated externally. Both tanker alternatives are 

designed, constructed and equipped with sophisti-

cated systems for carrying LNG over long dis-

tances, stored at temperatures around minus 162C. 

Each of the main types of LNG vessel designs con-

stitutes about half of the fleet (the actual distribu-

tion is 50% membrane ships, 45% spherical tankers 

and 5% other types of LNG tankers), but membrane 

tankers are dominant among LNG newbuildings. 

LNG vessels are generally well designed, well 

maintained and operating with well-trained crew. 

Thus, LNG shipping so far has a good safety 

record. The two main types of LNG carriers are 

illustrated in figure 1 [3]. 

LNG characteristics and dangers 

Liquefied natural gas (LNG) is composed of 

mostly methane and is a cryogenic liquid at approx-

imately –162C. When vaporized, its flammability 

range is between approximately 5% and 15% by 

volume, i.e. a mixture with air within this range of 

concentration is flammable. Thus, in addition to 

possible damage due to its cryogenic temperatures, 

LNG spills are associated with hazards such as pool 

fires and ignition of drifting vapour clouds. In its 

liquid state, LNG is not explosive, and LNG vapour 

will explode only if ignited in a mixture with air 

within the flammability range and within an en-

closed or semi-enclosed space. Natural gas may 

also present an asphyxiation hazard. LNG is not 

toxic and will not be persistent if spilled in the ma-

rine environment. LNG weighs less than water, thus 

LNG spilled on water will float. In liquefied form, 

the volume of LNG is 600 times less than the same 

amount of natural gas at room temperature. LNG 

shipping is therefore an economic way of transport-

ing large quantities of natural gas over long dis-

tances. LNG is transported and stored at normal 

atmospheric pressure, and LNG carriers are pur-

pose-built tank vessels for transporting LNG at sea. 

Several on-site accidents involving or related to 

LNG are listed below: 

 1944, 20 October. The East Ohio Natural Gas 

Company experienced a failure of an LNG tank 

in Cleveland, Ohio. 128 people died in the  

explosion and fire. The tank did not have a dike 

retaining wall, and it was made during World 

War II, when metal rationing was very strict. 

The steel of the tank was made with an extreme-

ly low amount of nickel, which meant the tank 

was brittle when exposed to the extreme cold of 

LNG. The tank ruptured, spilling LNG into the 

city sewer system. The LNG vaporized and 

turned into gas, which exploded and burned; 

 1979 October, Lusby, Maryland, at the Cove 

Point LNG facility a pump seal failed, releasing 

gas vapors (not LNG), which entered and settled 

in an electrical conduit. A worker switched off 

a circuit breaker, igniting the gas vapors, killing 

a worker, severely injuring another and causing 

heavy damage to the building. National fire 

codes were changed as a result of the accident; 

 2004, 19 January, Skikda, Algeria. Explosion at 

Sonatrach LNG liquefaction facility. 27 killed, 

56 injured, three LNG trains destroyed, 2004 

production was down 76% for the year. A steam 

boiler that was part of a liquefaction train  

exploded triggering a massive hydrocarbon gas 

 

Fig. 1. Two main types of LNG carriers: a) moss spherical, b) membrane 

Rys. 1. Dwa główne typy tankowców LNG: a) sferyczny, b) membranowy 

a) 

b) 
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explosion. The explosion occurred where pro-

pane and ethane refrigeration storage were  

located. 

In comparison to above mentioned accidents, 

LNG tankers have sailed a total of over 100 million 

miles without a shipboard death or even a major 

accident. Due to the increase in fleet size over the 

recent years it is possible that accidents involving 

LNG carriers will occur. To prevent this from hap-

pening a series of studies should be conducted and 

efficient methods of ship operations shall be pre-

pared. 

One of the safety measurements taken into con-

sideration should be cargo operations in port. This 

article intends to highlight main problems regarding 

supervision of stability and longitudinal strength of 

a LNG tanker and propose a direction for further 

research using an LNG simulator. [4, 5] 

TRANSAS LCHS Simulator 

The simulator consists of two main blocks. One 

block represents a terminal simulation station and 

the other block ship environment.  

Software for the LCHS simulator (Fig. 2) is able 

to simulate all important parts and systems that are 

necessary for treatment, preparation and conduct of 

liquid cargo transfer regarding ship-ship (intership 

transfer) or ship-shore operation. Relevant systems 

(Ballast, Cargo, Inert Gas, Distribution etc.) are 

displayed on separate animated screens and can be 

switched between easily via onscreen buttons [3]. 

Three models of vessels are implemented in  

simulator software. These models are: 

 LNG carrier MOSS type (Fig. 3), 

 LNG carrier membrane-prismatic type (Fig. 4), 

 LPG/LEG carrier. 

 

Fig. 3. LNG MOSS carrier type implemented in an LCHS simulator 

Rys. 3. Gazowiec o zbiornikach sferycznych zaimplementowany do symulatora 

 

Fig. 4. LNG membrane-prismatic type carrier implemented in an LCHS simulator 

Rys. 4. Gazowiec o zbiornikach membranowych zaimplementowany do symulatora 

 

Fig. 2. Standard training station of TRANSAS LCHS simula-

tor 

Rys. 2. Standardowe stanowisko symulatora LCHS 
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The systems included in ship models are as  

follows: 

 cargo control systems: pumps RPM, pressure, 

flow, cavitation with pump curves; 

 cargo tank compatibility; 

 cargo pumping systems – lines and valves; 

 stripping system; 

 ballast control system – lines and valves; 

 tank cleaning system; 

 cargo heating system; 

 overboard discharge and monitoring systems; 

 tank content monitoring systems; 

 inert gas generator system or nitrogen supply 

system; 

 vapour emission control; 

 inert / nitrogen venting control system; gas free-

ing; purging; 

 tank atmosphere control system; 

 load calculator, stability and stress calculator. 

A high degree of reality implemented in simula-

tion models allows to prepare true scenarios of  

cargo operations. Dynamic behavior of loading 

systems and its separate components plus monitor-

ing and control mechanism permits programming 

and implementing of non-standard procedures and 

accidents. This may lead to developing new and 

innovative ways of managing critical incidents. 

Apart from realism, the implemented simulator also 

meets IMO standards in ship’s crew training 

(STCW Code) such as: 

 loading supervision, cargo placement, cargo 

safety, cargo monitoring during voyage; 

 keeping seaworthiness of ship; 

 cargo loading planning; 

 dangerous cargo carriage; 

 stability, trim and hull strength; 

 marine environment protection. 

Supervision of stability in port 

Stability evaluation of the ship is realized by 

checking fulfillment of Intact Stability Code crite-

ria. However, these criteria refer only to stability at 

 

Fig. 5. Stability information screen of a TRANSAS LCHS Simulator 

Rys. 5. Ekran z informacjami statecznościowymi w symulatorze LCHS 
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sea. Emphasis that is put on sea voyage stability 

causes ship’s crew often to disregard the need of 

controlling stability during cargo operations. The 

whole responsibility for ship safety lies on the cap-

tain, but it is chief officer’s responsibility to load or 

unload the ship correctly. During stay in a port, 

cargo operations are only part of many other tasks 

that the officer needs to take care of. Because of 

that constant monitoring of stability is impossible. 

The key role in ensuring safety is careful and prop-

er preplanning of cargo operations to prevent dan-

gers such as: 

 loss of stability as a result of decreasing meta-

centric height up to obtaining negative values; 

 hull breaking apart as a result of exceeding 

shearing forces and bending moments. 

Vessel safety assessment is done by checking if 

stability criteria have been met. Each ship should 

survive in the assumed conditions. Historically, 

stability regulations include weather events (such as 

the impact of wave and wind), which take place in 

the open sea during storms. For over 300 years 

these regulations have provided a standard method 

for assessing the ship safety in terms of stability. 

Analysis of stability at sea, as a factor that poses the 

greatest threat, often leads to involuntary disregard-

ing of stability in port by ship’s personnel. 

Ship stability in port is a static state with dynam-

ic impulse excitations. Cargo operations (changing 

mass distribution) cause slow changes in weight 

and setting of ship. At the same time during these 

operations dynamic forces occur, caused by own 

cargo handling equipment movement or, in tankers, 

fluid transfer. 

Dynamic moments, connected with anti-heel 

systems or ballast operations, are created by pump-

ing mass of fluid in time shorter than a quarter heel 

period. The static moment increases up to a mo-

ment until pumping stops. The situation becomes 

dangerous when the ship is constrained from free 

heeling by mooring lines or by leaning on the quay. 

A rapid line break results in obtaining the maxi-

mum dynamic moment which can lead to serious 

accidents. Simulating such scenario may be very 

helpful in assessing risk of such accident and possi-

ble counteracting measures to be taken. Because 

present regulations do not cover the aspect of sta-

bility in port (or during cargo operations), Transas 

LCHS simulator is a proper instrument for re-

searching and compiling some guidelines or even in 

future actual regulations and requirements for ship 

stability in port [6]. 

Longitudinal strength 

Operation of cargo ships, because of their di-

mensions, requires certain limitations not only in 

regard of total ship load, but also, mainly, in distri-

bution of load and its character. One must consi-

dered if the load is dynamic or constant, condensed 

or diffused. All this translates into hull strength. 

Loading of a ship is conducted in a precisely de-

scribed order, and the final loaded state irrespective 

of quantity of cargo must protect hull construction 

against excessive strain. Ship dimensions are a key 

factor in this matter. As the length of a ship rises, if 

similarity in shape is maintained, so does the load 

of hull. As for the dynamic forces that act on the 

hull, the main factor is ship’s velocity. Because 

modern transport requires that cargo be transported 

in a swift manner, ship speeds are constantly in-

creasing. 

Gas carrier, because of low density of trans-

ported cargo, require large volumetric capacity of 

cargo spaces. For comparison: a gas carrier of 

60 000 tons of deadweight is similar in size to an 

oil tanker of 130 000 tons. Modern LNG tankers 

can carry 210 000 m
3
 (Q-Flex ship type) or even 

266 000 m
3
 (Q-Max ship type). These two types of 

ships are the biggest LNG carriers in service. Their 

length is 315 m (m/v Al Hamla) and 345 m (m/v 

Mozah). Their length makes longitudinal strength 

a key factor that has to be considered during port 

cargo operations and sea voyage. 

As was mentioned before, cargo tanks in LNG 

carriers can be divided into three main types, which 

differ in construction and attachment to the hull. 

These are integral type tanks, free standing tanks 

and membrane type tanks. The strain that hull expe-

riences depends greatly on the type of tanks that are 

used in its construction. Tanks which are integrated 

with the main hull carries over loads similar to that 

in bulk carriers. Free standing tanks (i.e. spherical 

type) are attached to ships hull in a series of differ-

ent ways. Depending of the type of attachment the 

load transfer may vary. However, most of the strain 

is transferred through attachment points causing 

huge local forces. Membrane tanks due to their 

specific construction transfer loads more or less 

evenly throughout the entire hull. 

Despite the above mentioned problems, gas car-

riers are not considered as dangerous due to hull 

strength. Because of the collision safety require-

ments and relatively light cargo, their hulls has 

a cross-section factor that in operational loading 

conditions results in much less stress than allowed.  
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The major concern may occur when cargo leaks are 

observed and consequences of such failure, such as 

thermal stress and steel brittleness. 

The dynamic behavior of the vessel at sea is 

greatly affected by the dynamics of moving masses 

present onboard. The cargo securing procedures 

ensure preventing loose cargo from movement, but 

partially filled tanks cannot be avoided. The model-

ing of interaction between water sloshing inside 

a ship tank and the tank structure is very important 

in regard to the safety of transportation system, 

human life and the environment. Sloshing loads 

should be also taken into consideration in the 

process of designing tank structure and ship hull 

structure. Regardless of strength calculations, the 

effects of sloshing should be also taken into ac-

count in the course of vessel’s seakeeping predic-

tion and transverse stability assessment. 

It is very important for the ship owner to get 

properly and thoughtfully defined technical and 

economic assumptions, taking account of hull 

strength. This relates to future design and subdivi-

sion of the ship, offering the possibility of harmo-

nizing the most economical construction and opera-

tional features.  

The full capability of model programming is 

a great opportunity for examining different ap-

proaches to everyday cargo handling problems in 

ship operation. The simulator is a safe and efficient 

way for obtaining reliable results. [6, 7, 8] 

Conclusion 

This paper presents two ways in which an LCHS 

simulator may be used in studies of ship stability in 

port. One is the problem of losing stability during 

cargo operations, the other is ship hull construction 

and cargo operations impact on load forces. How-

ever, it holds other potential fields of research, such 

as: 

 developing loading procedures, guidelines and 

sequences for already existing vessel and for 

newly build, or even just a conceptual types of 

ships, which may be achieved by full utilization 

of simulator programmability; 

 developing innovative layout of ship structure; 

 risk assessment of cargo operations both for ship 

and terminal facilities. 
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