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MINIMIZING THE HEAT FLOW LOST BY A BALLAST TANK USING INSULATION 
 

1ACOMI NICOLETA, 2PREDA ANDREI  
 

1,2Constanta Maritime University, Romania 
 
ABSTRACT 
 

The main purpose of treating ballast water in naval transport is killing the organisms and microorganisms. One of 
the treating methods is based on heating ballast water at a specified temperature. After heating the ballast water we 
should keep it at that level for a shorter or longer period of time, depending on organism nature.  

This paper presents the heat flow lost by a ballast tank and analyses the methods for minimizing it. We chose an 
insulating material and three ways of applying it. 
 
Keywords: heating ballast water, flow lost. 
 
1. INTRODUCTION 
 

To heat the ballast water we should use a heat 
exchanger. For choosing the right heat exchanger we 
need the thermal agent characteristics including the total 
flow. We also should consider the heat lost by 
convection and conduction. These terms could be 
presented in the following mode: 
• Q1 � the heat flows lost due to the vaporisation 

process, 
• Q2 � the heat flows due to convection at the surfac es of 

the water medium, 
• Q2 � the heat flows lost due to conduction through the 

walls. 
In order to provide stability to the ship, the ballast 

tanks are almost all the time pressurised. This is to avoid 
the free water surfaces that could rapidly move the 
centre of gravity, causing ships� overthrow. So, we will 
neglect the first components and we will calculate the 
flows lost by the walls. The heat flows lost through the 
walls is different for the external wall to the other 
internal walls. The most important quantity of heat lost is 
represented by the external wall of the tank. 

 
2. THE MATHEMATICAL MODEL OF THE  
HEAT FLOW LOST 
 

This study presents the heat losses by a ballast tank 
after heating it at different levels of temperature. We 
consider that the ship navigates in various condition of 
temperature, the ballast tank is a rectangular one, 
situated in double hull, and the total volume is 700m3. It 
is situated under the water line, so the temperature of the 
external side of the tank is in permanent contact with the 
sea water (WWB5- Wing Water Ballast 5). The 
dimensions of the ballast tank: L = 44m, l = 2m, H = 8m. 

 
Figure 1 Ballast tank location 

Considering that the ship navigates in aria where 
the marine environment temperature could be from 5 to 
25oC, we will calculate the flow lost by the external wall 
while the ballast water temperature inside the tank is 
45oC. The total area of the external wall is A = 352m2, so 
in the following we present the heat flow through this 
aria. The heat transfer rate is:  
 

Qw = q•Aw [W]    (1) 

Q = k •(tin-tout) [W/m2]        (2) 
where:  
- k � the overall heat transfer coefficient through t he 

external wall [W/(m2*K)] 
- Aw � aria of the wall, [m 2] 
- tin  � ballast water temperature, inside the tank, [ oC] 
- tout � sea water temperature of the marine environment,  

[oC] 
- q � the heat flow per unit, [W/m 2] 

 
k = 1/(1/�1 +��/�+1/�2)         (3) 

where:  
- � � the wall thickness, [m] 
- � � the thermal conductivity of the material of the wall, 

[W/m•K] 
- �1, �2 � the individual convection heat transfer 

coefficient for each material, [W/(m2*K)] 
 
2.1 The mathematical model of heat flow lost for a non 
insulated ballast tank 
 

The following tables present the heat flow lost by a 
heated tank, depending on sea water temperature. We 
consider that the tank was heated at 46oC. 
 

Table 1. The heat flow lost 
 

Sea water temperature   Eq. 
5°C 10°C 15°C 20°C 25°C 

T1 319.15 319.15 319.15 319.15 319.15 
T2 278.15 283.15 288.15 293.15 298.15 
�1 35 35 35 35 35 
�2 5000 5000 5000 5000 5000 
�1 50 50 50 50 50 
�1 0.02 0.02 0.02 0.02 0.02 
S 352 352 352 352 352 
q 1405 1234.08 1062.68 891.28 719.88 
Q 494730 434397 374064 313731 253398 
 494.73 434.40 374.06 313.73 253.40 
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Because the heat flow lost obtained have a big 
value, we use an insulating material for the tank. 
 
2.2 The mathematical model of heat flow lost for an 
insulated ballast tank 
 

The insulation will be used only to insulate the wall 
that is in permanent contact with the sea water. The 
material that we chose for insulation is polycarbonate 
with 2cm thickness.  

Polycarbonate can be mechanically bonded by 
standard methods. It can also be cemented by using a 
solvent such as methylene chloride or adhesives such as 
epoxy, urethane and silicone. The following tables 
present some of the technical data of the polycatbonate. 

 
Table 2. Physical properties 

 

No Property Value Unit Test method 
1 Appearance Cellular 

plan sheets  
- EN 1013 -

4 :2000 
2 Colour Various  - EN 1013 -

4 :2000 
3 Thickness 4, 6, 8, 10, 

16, 20 
mm EN 1013 -

4 :2000 
4 Density 1,2 g /cm3 SR EN ISO 

1183 -1 /04 

 
Table 3. Thermal properties 

 

No. Property Value Unit Test method 
1 Thermal 

conductivity 
0.2 W/mK ISO 8302 

2 Coefficient of 
linear thermal 

expansion 

0,7 10-4 /K ISO 11359-2 

3 Thermal 
deformation 
temperature 

135 0 C SR EN ISO 75 
� 1,2/2004 

4 Vicat point 
50N;500C/h 

50N;1200C/h 

143 
144 

0 C 
0 C 

SR EN ISO 306 
/ 2005 

5 Term U 3,9 � 2 W/m2. 0C DIN 2612 

 
We have three types of insulation using a different 

number of layers: 
 
Case 1: 2cm polycarbonate, 2cm vide, applied on the 
steel wall of the ballast tank 
 

q=(T1-T2)/(1/�1+�1/�1+ �2/�2+ �3/�3+1/�2) [W/m2]   (3) 
 

Table 4. The heat flow lost, case 1 
 

Sea water temperature   Eq. 
5°C 10°C 15°C 20°C 25°C 

T1 319.15 319.15 319.15 319.15 319.15 
T2 278.15 283.15 288.15 293.15 298.15 
      
      
      
q 42.20 37.51 32.46 28.36 23.290 
Q 14856 13203 11426 9985 8198 
 14.86 13.20 11.43 9.99 8.20 

 
The temperature drop is represented in the figure 2, 

3 and 4. They show the temperature lost by each layer of 
insulation material and also through the wall. 

 
Figure 2 Insulated wall, case 1 

 
Case 2: 2cm polycarbonate, 2cm vide, 2cm 
polycarbonate 
 

q=(T1-T2)/(1/�1+�1/�1+ �2/�2+ �3/�3 + 
+ �4/�4+ 1/�2) [W/m2]  (4) 

 
Table 5. The heat flow lost, case 2 

 

Sea water temperature   Eq. 
5°C 10°C 15°C 20°C 25°C 

T1 319.15 319.15 319.15 319.15 319.15 
T2 278.15 283.15 288.15 293.15 298.15 
      
      
      
q 38.26 33.97 29.38 25.57 20.96 
Q 13469 11957 10343 9002 7379 
 13.47 11.96 10.34 9.00 7.38 

 

 
Figure 3 Insulated wall, case 3 

 

Case 3: 4cm polycarbonate, 2cm vide, 2cm 
polycarbonate 
 

The difference between Case 2 and Case 3 is the 
thickness of one of the layers. 
 

Table 6. The heat flow lost, case 3 
 

Sea water temperature   Eq. 
5°C 10°C 15°C 20°C 25°C 

T1 319.15 319.15 319.15 319.15 319.15 
T2 278.15 283.15 288.15 293.15 298.15 
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q 34.99 31.04 26.84 23.28 19.06 
Q 12319 10926 9448 8196 6709 
 12.32 10.93 9.45 8.20 6.71 

 
The temperature drop for an insulated ballast tank 

 
Figure 4 Insulated wall, case 3 

 
In order to minimize the heat flow provided by the 

heat exchanger and the time for heating the water, we 
chose for insulating the tank the case 3. The following 
diagram presents dropping temperature for this situation. 
Temperature T1 is for the ballast water =45oC and T8 is 
for the sea water, also known. 
• T1 ballast water 
• T2 on the layer 1, inside the tank 
• T3 connection between layer 1 and 2 
• T4 connection between layer 2 and vide layer 
• T5 connection between vide layer and layer 3 
• T6 connection between layer 3 and tank wall 
• T7 on the tank wall outside the tank 
• T8 sea water 

 
The density of the heat flow was calculated before. 

So, we could calculate the temperature between layers 
using differential equation for temperature: 
 

q=�1/�1•(T1-T2)= �i/�i•(Ti-Ti+1)  (5) 

T2= T1-q•rT1 = T1-q•�1/�1                    (6) 
 
Where: 
rT1 � thermal resistance 
 

Temp. drop depending on sea water temp. T. 
  5oC 10oC 15oC 20oC 25oC 

T1 319.15 319.15 319.15 319.15 319.15 

T2 318.15 318.26 318.383 318.485 318.605 

T3 314.65 315.159 315.699 316.156 316.699 

T4 311.15 312.055 313.015 313.828 314.793 

T5 281.671 286.273 290.85 295.493 300.068 

T6 278.171 283.169 288.166 293.164 298.161 

T7  278.157 283.156 288.155 293.155 298.154 

T8 278.15 283.15 288.15 293.15 298.15 

 

The figure 5 presents the influence of the insulation 
material and its thickness on the thermal flow lost 
through an aria A = 352m2. 
 

 
Figure 5 The comparative heat flow lost 

 
3.  CHOOSING THE RIGHT HEAT 
EXCHANGER  
 
The heat flow that we need for heating the ballast water 
could be calculated using formula: 
 
Qw = mw•cw (tw-tHE) [kW] 
where:   
cw � specific heat capacity of water, 4.1855 [kJ/(kg• K)] 
tw � the temperature of the ballast water, 25�45 oC 
thw � the temperature necessary to be obtained, 47 oC 
mw � the flow of the heated water  
 

The ballast water from the tank will be heated using 
the heat exchanger. The selection was done using the 
Danfoss software.  
 

Table 7. The heat exchanger characteristics 
 

XB 70-1 200 Heat exchanger 
type  HEATING 

Danfoss Code  004B2499 

Capacity [kW] 2768 

  Hot side Cold side 

Flowrate [m3/h] 46,02 100,00 

Temperature in [°C] 80 23 

Temperature out [°C] 28 47 
Real 
pr.flow/ret.temp. [m3/h/°C] 46,020  27,5 

LMTD [°C] 14,8 14,4 

Pressure drop [kPa] 7 16 

Velocity [m/s] 3,3 3,1 

PHYSICAL DIMENSIONS 

Number  / elem : 99 100 

Water volume [l] 54,45 70,00 

Oversurfacing [%] 10,00 

All heatsurface [m2] 47,32 

Total weight [kg] 340 

PHYSICAL PROPERTIES 

Hot Side flow   Water  

Cold Side flow   Water  

Heat capacity [kJ/kgK] 4,185 4,176 
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Density [kg/m3] 986,2 994,1 

Viscosity [mNs/m2] 0,502 0,702 
Thermal 
conductivity [W/mK] 0,651 0,624 

 
First, the ballast water is heated using the engine 

cooling system; the sea water that was used as a coolant 
agent for the main engine low temperature cooling 
system that is usually discharged overboard, we directed 
to the insulated tank. We use this water for filling the 
ballast tank with sea water at 25oC. The temperature is 
not enough to kill the microorganism; so we will use a 
20 percent of the flow from high temperature main 
engine cooling system at 80oC temperature. This flow 
rate is directed by a heat exchanger that will heat the sea 
water from the ballast tank.  

 
 

Figure 6 The functional diagram 
 

This is a very efficient method because coolant 
water is necessary and would most likely be discharged 
into the ocean if it were not used to treat ballast water. 
Another benefit to this method is that there are no 
resulting chemical products. 

 
4. CONCLUSIONS 
 

Using this type of heat exchanger we will raise the 
temerature in the ballast tank from 25oC to 45oC in seven 
hours. Because for killing the microorgansims we need 
to maintain the high temperature for 4-5 hours it means 
that the heat exchanger will start after 35 minutes to rise 
the temperature at theone that we set before.  

After treatment, the ballast water need to be 
directed to another ballast tank, uninsulated to let the 
insulated tank free to be filled with sea water that need 
treatment.  

Because of this period of delay, the treatment 
method of ballast water by heating is suitable for those 
types of ships that have small quantities of ballast water 

to be treated, for example port-containers and general 
cargos, rather than the large ships like petroleum tanks 
that unload all the cargos once and need to fill most of 
the ballast tanks with sea water, almost at the same time. 
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ABSTRACT 
 

A long series of maritime disasters that have caused major damage by oil pollution at sea have been the catalyst for 
developing a new international legislation. Stemming from the compromise between the interests of the shipping 
industry and the oil interests, the new statutory liability regime imposed on shipowners, introduces a series of legal 
innovations and serves as a model for developing legislation concerning liability in other areas. But the international 
system is divided between four international conventions and the regime adopted by the U.S. unilaterally by OPA Act 
1990. UE., an ardent critic of the civil liability regime for oil pollution doesn�t develop its own compensatory scheme 
but actively sustains the reforming of the international system and it designs initiatives related to maritime safety. The 
paper aims to examine the elements of the international civil liability regime for oil pollution damage. The conclusion is 
that despite the fact that it was designed for success the image is of a fragmented system, unable to provide adequate 
compensation and undermined by a number of key deficiencies: maintaining the limitation of liability, narrow definition 
of damage which excludes the environmental damages and the principle of channeling the liability exclusively to the 
shipowner or his insurer. 
 
Keywords: oil pollution damage; limitation of liability; channeling the liability; the 1992 Civil Liability Convention; 
the 1992 Fund Convention; the 2003 Supplementary Fund Protocol; STOPIA and TOPIA; 
 
 
1. INTRODUCTION 
 

The 1967 Torrey Canion disaster has tested the 
adequacy of tort law based on negligence in the case of 
compensation for the damage created by the widespread 
pollution [1]. At the private law level, the 1969 
International Convention on Civil Liability for Oil 
Pollution Damage (CLC) set up a compensatory regime 
that was far more generous than that allowed by the tort 
of negligence law [1]. 1969 CLC is still the essence of 
the marine oil pollution legislation in many countries of 
the world [2]. In this convention have been decided the 
basic principles for oil pollution compensation, mainly, 
setting up a strict liability on the shipowner limited to an 
amount that was approximately double the limits set 
under the 1957 International Convention Relating to the 
Limitation of the Liability of Owners of Sea-Going 
Ships [3].  

This convention was followed by the 1971 
International Convention on the Establishment of an 
International Fund for Compensation for Oil Pollution 
Damage (Fund Convention) [1]. This provided for a 
Fund financed by levies on oil industry to compensate 
victims of pollution who fell outside or were 
inadequately compensated by the new statutory regime 
imposed on shipowners in respect of oil pollution [1]. 
The 1992 Protocols updated both the CLC regime and 
the Fund Convention provisions [1]. A new Protocol to 
the 1992 Fund Convention was agreed in May 2003 for 
the creation of a voluntary third tier of liability for oil 
pollution damage [4]. 

The effectiveness of the international system of 
compensation was raised with each new incident of oil 
pollution at sea: Amoco Cadiz in 1978, Exxon Valdez 
(in the US) in 1989, Erika (off the coast of Brittany-
France) in 1999 and Prestige (off the coast of Galicia-
Spain) in 2002 [5]. It is true that these incidents were the 

catalyst for the development and the revision of the oil 
pollution liability regimes internationally as well as 
domestically [3]. However the regimes have inevitably 
limitations because they were formulated to address 
immediate problems exposed by the incidents as a 
compromise between conflicting interests, rather than 
being given sufficient importance and were, in 
particular, influenced by commercial interests [3]. 
Despite these issues, civil liability regime for marine oil 
pollution was the first international liability regime that 
extended compensation obligations beyond the 
provisions related to personal injury and property 
damage provisions to environmental impairment, and 
has served as a model for liability rule development for 
the carriage of dangerous goods, the maritime carriage of 
hazardous and noxious substances, and revisions to civil 
liability provisions for nuclear damage [6]. In addition, 
the method of compensation entitlement under these 
regime of strict liability (without the need to prove 
negligence) has become the norm everywhere for oil 
pollution damage liability rules [6]. It was also explained 
as an efficient and equitable way to incorporate polluter 
pays principle into the field of environmental liability 
[6]. 

 
2. LEGAL SYSTEM-AN OVERVIEW 
 

The issue of liability for pollution and 
compensation has been addressed by the International 
Maritime Organization (IMO) with the help of the 
Comite Maritime International (CMI) which created the 
first international regime addressing liability for oil 
pollution damage and compensation [ ]. 

This regime was originally composed of the 1969 
International Convention on Civil Liability for Oil 
Pollution Damage (CLC) and the 1971 International 
Convention on the Establishment of an International 
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Fund for Compensation for Oil Pollution Damage (Fund 
Convention) [3]. It was followed by the International 
Convention on Civil Liability for Oil Pollution Damage, 
1992 and the International Convention on the 
Establishment of an International Fund for 
Compensation for Oil Pollution Damage, 1992. Finally a 
Protocol to the International Convention on the 
Establishment of an International Fund for 
Compensation for Oil Pollution Damage, 1992 was 
established in 2003. 

Among national regimes the most important is the 
regime developed by the US where there are both federal 
and State statutes relating to damage caused by oil 
pollution [8]. 
 
2.1 Controversial aspects of the international 
conventions 
 

The 1969/1971 Fund Conventions apply exclusively 
to oil pollution damage, which took place in the territory 
including the territorial sea of a Contracting State and to 
preventive measures taken to prevent or minimise such 
damage[7]. There is no restriction regarding the 
jurisdictional zone in which the preventive measures 
have to be taken in order to be covered by the 1969 CLC 
[7]. The 1992 CLC/ Fund Conventions maintain similar 
provisions but their applicability has been extended in 
order to cover a new jurisdictional zone following the 
establishment of the Exclusive Economic Zone under the 
1982 UNCLOS [7]. 

Apparently the 1992 CLC/Fund Convention regime 
would apply also to pollution damages caused on inland 
waters of a State Party provided that the ship in question 
is a sea-going vessel [8]. This issue was raised in 
October 2003 by the 1992 IOPC Fund Executive 
Comittee in the context of The Victoria Case, a vessel 
registered both for river and sea navigation, involved in 
an incident which occurred on the upper reaches of the 
Volga River, some 1.300 km from the Caspian Sea and 
Azov Sea [8]. In that case, the Fund Executive Comittee 
concluded that The Victoria is a ship within the meaning 
of the 1992 CLC and under general principles of 
international law the concept of the territory of the state 
covers inland waters, including rivers [8]. A different 
opinion was formulated by some delegations which 
expressed reservations about the applicability of the 
1992 CLC/ Fund Conventions, drawing attention to the 
preamble of the 1992 CLC which referred specifically to 
pollution posed by the worldwide maritime carriage of 
oil and the exclusion of inland waters from the scope of 
the LOSC [8]. 

The CLC regime applies to any sea-going ship or 
any seaborne craft of any type whatsoever, constructed 
or adapted for carrying persistent hydrocarbon mineral 
oil in bulk as cargo, provided that such a ship capable of 
carrying oil and other cargoes to be regarded as a ship 
only when it is actually carrying the oil in bulk, as cargo, 
and during any voyage following such a carriage, unless 
it is proved that it has no residues of such carriage of oil 
in bulk aboard [11]. Spills from tankers during ballast 
voyages are not covered by the 1969 CLC/1971 Fund 
Conventions [9]. 

The 1992 CLC applies to oil tankers as well as oil 
spillage from Oil/Bulk/Ore Ships which fulfil the 
requirement to be constructed for the carriage of oil [7]. 
Oil pollution damages arising from barges without 
steering and propulsion ability or floating storage units-
FSU as well as floating production, storage and 
offloading units-FPSO raises the question of 
applicability of the 1992 CLC [7]. While barges without 
steering and propulsion ability are to be treated as ships 
under UK law, such an answer is not so obvious for 
other types of crafts and is to be decided on a case by 
case basis [7]. In The Slopes (2000), the 
intergovernmental bodies of the 1992 Fund decided that 
the 1992 Fund�s policy is to apply the 1992 Conventions 
to offshore crafts only when they carry oil as cargo on a 
voyage to or from a port or a terminal outside the oil 
field in which they normally operate [10]. Weather or 
not a relevant ship meet the criteria for being considered 
as a ship within the meaning assigned to the term in the 
definition of the 1992 CLC has been the subject of 
several decisions adopted by the 1992 Fund Assembly in 
a number of cases such Maritza Sayalero(1998), The 
Dolly(1999), The Al Jaziah(2000), The Slopes(2000)[8]. 

The interpretations offered by intergovernmental 
bodies of the 1992 Fund are not binding and the matter 
may be referred to national courts, but according to some 
authors, it constitute persuasive evidence of the meaning 
of the provisions and can be taken into account by the 
national courts [10]. 

All structures that fall under the definition of ship 
under article I(1) would be subject to the 1969/1992 
CLC irrespective of their size [8]. The 1992 CLC does 
not apply to warships or to other government ships used 
for non-commercial activities [11]. 

Ecological damages are excluded from 
compensation [12]. Also, the regime does not recognize 
a right to compensation for a claimant whose claim is in 
essence of purely economic indirect/relational/secondary 
nature [8]; [10]; [12]. A trio of cases - Landcatch 
Ltd.v.International Oil Pollution Fund, P&O Scottish 
Ferries Ltd v. Braer Corp Times, The Sea Empress- 
considered these matter [1]. As a matter of principle it 
has been decided in Sea Empress that for an economic 
loss to be recoverable must be satisfied the requirement 
of a strong causal link between economic loss on one 
hand and the claimant�s activity on the other hand with 
the polluted area [1]; [7]. 

Strict liability of the shipowner and channelling of 
liability were adopted at the Diplomatic Conference in 
1969 due to the influence of the 60s nuclear conventions 
[15]. Claims for pollution damage under the Civil 
Liability Conventions can be made only against the 
registered owner of the ship concerned [17]. This does 
not preclude victims from claiming compensation 
outside the Conventions from persons other than the 
shipowner [8]. 

In the 1992 CLC the channelling as a principle was 
not abandoned, but it widens the category of people who 
are exempt from suit to now include in addition to the 
servants and agents of the shipowner, as originally 
specified in the 1969 CLC, the crew and pilots, together 
with charterers of any kind including demise charterers, 
operators, salvers, persons taking preventive measures 
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and the servants or agents of any of these categories [9]; 
[15]. Claims against such persons are expressly 
prohibited unless the damage resulted from their 
personal act or omission committed with the intent to 
cause such damage or recklessly and with knowledge 
that such damage would probably result [8]. A right of 
recourse is given to the shipowner both against the 
persons covered by �channelling provisions� as agai nst 
the third parties, i.e. port authorities [8]. 

Strict liability means that there is no need for the 
claimant to prove shipowner�s fault and only limited 
exceptions are available to the shipowner [7]. The 
shipowner is defined as the �registered owner� or, in the 
absence of registration, the person(s) owing the ship at 
the time of the incident [7]. 

When an incident involving two or more ships 
occurs and pollution damage results there from, the 
owners of all ships concerned shall be jointly and 
severally liable for all such damage which is not 
reasonably separable [11]. 

A public law liability may arise under EC 
legislation that exceeds the amount of compensation 
payable according to the 1992 CLC/Fund Conventions 
[1]. Therefore, whenever victims will not be 
compensated to the full of then damage due to the 
existing international liability and compensation system, 
the European Court of Justice�s ruling in Commune de 
Mesquer v. Total France SA and Total International Ltd. 
Case, allows them to turn to other persons involved in 
maritime transport, persons who cannot invoke the right 
to limit their liability: shipper, charterer and producer of 
waste [16]. 

The Court held that in this case of heavy fuel oil 
accidentally spilled at sea following the sinking of an oil 
tanker, it can be considered that the seller of the oil, also 
being the charterer of the ship carrying it, has 
�produced� waste if the seller-charterer contribute d to 
the risk that the pollution caused by the shipwreck would 
occur [16]. His contribution to the risk of pollution 
would consist in failing to take measures to prevent such 
an incident, in this case measures such as concerning the 
choice of the carrying ship. In such circumstances, for 
the purposes of Directive 75/442/ EEC on waste, it will 
be possible to regard the seller-charterer as a previous 
holder of the waste and to make him responsible for 
bearing the cost of disposal and compensating the 
pollution damage [16]. The French Court de Cassation, 
by a Judgment of 17 December 2008, has fully endorsed 
the European Court of Justice�s preliminary ruling in 
upholding the liability of the seller and charterer of the 
Total group companies [4]. 
 
2.2 International Fund for Compensation for Oil 
Pollution Damage, 1992 (1992 Fund) 
 

The 1992 Fund Convention materialise the 
undertaking of the oil pollution industry and in 
particular, oil importers to contribute to the 
compensation of oil pollution damage [7]. The 1992 
Fund Convention has the following purposes: to provide 
compensation for pollution damage to the extent that the 
protection afforded by the 1992 Liability Convention is 

inadequate; and to give effect to the related purposes set 
out in the Convention [13].  

Rationae materiae, the 1992 Fund Convention 
apply to pollution damage caused in the territory, 
including the territorial sea/ economic exclusive zone, of 
a Contracting State, and to preventive measures, 
wherever taken, to prevent or minimize such damage 
[13]. 

Rationae personae the 1992 Fund shall pay 
compensation to any person suffering pollution damage 
if such person has been unable to obtain full and 
adequate compensation for the damage under the terms 
of the 1992 CLC. The following reasons justify the 
compensation paid by the Fund: because no liability for 
the damage arises under the 1992 Liability Convention; 
because the owner liable for the damage under the 1992 
CLC is financially incapable of meeting his obligations 
in full and any financial security that may be provided 
under Article VII of that Convention does not cover or is 
insufficient to satisfy the claims for compensation for the 
damage; because the damage exceeds the owner�s 
liability under the 1992 CLC as limited pursuant to 
Article V, paragraph 1, of that Convention or under the 
terms of any other international Convention [13]. Thus, 
the Fund liability is secondary [8]. 

In situations were there is oil pollution damage but 
the ship responsible for oil spill hasn�t been identified, 
the claimant can be compensate by the 1992 Fund if he 
can prove that the oil that caused the damage came from 
at least one ship [7]. Thus, the Fund is liable for 
compensation from �mistery oil spills� where the sh ip 
that caused the damage is not identified [7]. 

The shipowner�s expenses for preventive measures 
falling under the definition of Article 6 of the 1992 CLC 
rank equally with oil pollution damage or clean-up 
claims by other parties [7].Therefore, to the extent the 
shipowner�s liability limit is exceeded, these are 
recoverable from the 1992 Fund in the same way and to 
the same proportion as other claims [1]; [7]. 

The Fund shall incur no obligation if: it proves that 
the pollution damage resulted from an act of war, 
hostilities, civil war or insurrection or was caused by oil 
which has escaped or been discharged from a warship or 
other ship owned or operated by a State and used, at the 
time of the incident, only on Government non-
commercial service; the claimant cannot prove that the 
damage resulted from an incident involving one or more 
ships [13]. The defences available to the 1992 Fund are 
more limited than those available to the shipowner [8]. 
In the specialized literature it was held that in such cases 
neither the shipowner nor the 1992 Fund have any 
liability under the 1992 Liability Convention and thus, 
the claimants will be have to try and recover against 
other parties [7]. The Fund may be exonerated wholly or 
partially from its obligation to pay compensation to such 
person, if proves that the pollution damage resulted 
wholly or partially either from an act or omission done 
with the intent to cause damage by the person who 
suffered the damage or from the negligence of that 
person [13]. There shall be no such exoneration of the 
Fund with regard to preventive measures [13]. 

The aggregate amount of compensation payable by 
the Fund was set at 203,000,000 units of account 
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[13].Time bar is similar to 1992 CLC but in addition the 
1992 Fund Convention allow the claimant to make a 
notification about the said notification [13]. 

Where an action for compensation for pollution 
damage has been brought before a court competent under 
the 1992 Liability Convention, such court shall have 
exclusive jurisdictional competence over any action 
against the Fund for compensation in respect of the same 
damage. However, where an action for compensation for 
pollution damage under the 1992 Liability Convention 
has been brought before a court in a State Party to the 
1992 Liability Convention but not to the 1992 Fund 
Convention, any action against the Fund shall be brought 
either before a court of the State where the Fund has its 
headquarters or before any court of a State Party to the 
Fund Convention competent under Article IX of the 
1992 Liability Convention [13]. In the specialized 
literature it was emphasized that there are no provisions 
in the 1992 Liability Convention or the 1992 Fund 
Convention for multiple proceedings thus, the conflict of 
laws provisions for each contracting state would apply in 
such cases [7]. 

Any judgment given against the Fund shall, when it 
has become enforceable in the State of origin and is in 
that State no longer subject to ordinary forms of review, 
be recognized and enforceable in each Contracting 
State[13]. 

 
2.3 The International Oil Pollution Compensation 
Supplementary Fund, 2003 
 

Threatened by the EU regional actions, the IMO 
quickly increased the financial caps (together with the 
compensation provided from the Fund) by 50.37% in 
2000 through the adoption of two Amendments [5]. On 
May 2003 a new Protocol was approved which provided 
a third tier of compensation through a Fund [12]. The 
total sum of the amount of compensation payable under 
the Supplementary Fund together with the amount of 
compensation actually paid under the 1992 Liability 
Convention and the 1992 Fund Convention shall not 
exceed 750 million units of account [14]. 

No compensation shall be paid by the 
Supplementary Fund for pollution damage in the 
territory, territorial sea or exclusive economic zone or 
area of a Contracting State until the obligation to 
communicate to the Director of the Supplementary Fund 
on the quantities of oil received have been complied with 
in respect of that Contracting State for all years prior to 
the occurrence of that incident [14]. 

Provisions related to jurisdiction and the 
recognition and enforcement are similar to 1992 Fund 
Convention. 
 
2.4 The position of European Union 
 

In response to the Erika incident, the European 
Commission has adopted two sets of legislative 
proposals in March and December 2000 respectively, the 
so-called Erika I package and Erika II package [15]. 

The first set of proposals was launched in a 
Communication on the Safety of the Seaborne Oil Trade 
and provides for amendments to existing EC Directives 

on port state control and on classification societies as 
well as a Regulation on the accelerated phasing out of 
the single hull oil tankers [16].  

In the second set of safety measures the 
Commission announced a proposal for a Directive 
establishing a Community monitoring, control and 
information system for maritime traffic, a proposal for a 
Regulation establishing a European Maritime Safety 
Agency (EMSA) as well as a proposal for a regulation 
on the establishment of an additional compensation fund 
[16]. 

The Fund for Compensation for Oil Pollution in 
European waters, known as the COPE Fund, would have 
an updated ceiling of 1 billion, instead of 200 million 
under the 1992 Conventions [15]. The Fund has never 
been established, the Council preferred to deliver the 
issue to the IMO as they considered that the issue, being 
international in scope, could be better addressed at 
international level [15]. 

The third maritime safety package consists of seven 
proposals for directives and regulations. These proposals 
demonstrated a clear intent to contribute and to 
participate in the international legal framework aimed at 
improving maritime safety and guaranteeing ample 
compensation for oil pollution victims [16].These 
position is a consequence of the dissatisfaction about the 
international scheme actually in force who could not 
provide adequate compensation due to existence of the 
limitation of liability and did not have a sufficient 
deterrent effect [15]. 

The UE has been an active supporter of reform, 
supporting the extension of liability to charterers, 
classification societies or flag states in the event of fault, 
as well as the amendment of the right to limit, aiming to 
revert the old test of �actual fault or privity� [8 ]. In a 
report to the UE Parliamentary Assembly dated 30 
March 2005, the Committee on the Environment 
suggested that in case of repeated refusal of the IMO to 
consider these issues, a threat should be made together 
with EU member states to leave the CLC Convention 
[8]. 

 
2.5 US regime 
 

The fundamental reason for the US unilateral 
approach to marine oil pollution is that US admiralty law 
was seldom harmonized with the international maritime 
conventions [5].  

A series of direct reasons must be taken into 
account. First, coverage of the pollution costs from 
major oil spills under the 1969 CLC and the 1971 Fund 
Convention, was considered inadequate [5]. The liability 
limit under CLC was set at approximately $14 million, 
even though the US sought a minimum of $50�60 
million [5]. Secondly, the ambiguous definition of the 
pollution damage under international conventions. The 
definition of pollution damage is a reflection of the 
different concepts over what constitutes damage [5]. 
These different concepts led to the adoption of a general 
definition which resulted in different interpretations 
among the national jurisdictions [5]. Thirdly, the 
political issue over whether the international convention 
shall prevail to the U.S. State Oil Pollution statutes states 
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thus leaving open the possibility of claims for 
uncompensated damages in the event of major oil spills 
[5]. 
 
2.6  STOPIA and TOPIA 
 

The decision to stop the review procedure of the 
1992 Conventions was due the offer made by ship-
owners through their P&I [8] Clubs to share the overall 
costs of the claims equally with the oil products 
receivers. Because the revision was abandoned, the 
Boards of International Group P&I agreed to implement 
a mechanism for increasing voluntary the minimum limit 
of ship-owner liability under the 1992 CLC in respect of 
small tankers (up to 29,548 GT) and this later has 
become known as Small Tanker Oil Pollution 
Indemnification Agreement (STOPIA). This agreement 
entered into force at the same time with the 2003 
Protocol, namely on March 2005 [8]. In addition, the 
discussions and consultations that took place between 
the Fund Secretariat, OCIMF, P&I clubs Board, 
Intertanko and ICS resulted in a supplementary 
agreement by which the ship-owners will be 
contractually bound to indemnify the Supplementary 
Fund in respect of 50% of the amount of any claim 
falling on the Fund, so that additional burden imposed 
under the Supplementary Fund will be equally shared 
[8]. The agreement was entitled TOPIA (Tanker Oil 
Pollution Indemnification Agreement 2006) and in 
contrast to STOPIA it applies to all relevant tankers 
irrespective of their size [8]. 

Both STOPIA and TOPIA have particular 
importance in case of exorbitant damages from oil 
tankers in State Party of the 2003 Supplementary Fund. 
These arrangements do not affect the rights of claimants 
in relation to damages caused by pollution but only 
concern the agreements between shipowners and oil 
cargo interests on who contributes and how much in the 
compensation [7]. 
 
3. CRITICABLE ASPECTS OF THE LIABILITY 
REGIME 
 

The international legal regime concerning the 
damage caused by oil pollution has undeniable merit to 
make the pass from a legal vacuum to an innovative 
scheme of compensation of the victims of oil pollution 
spills [3]. The international system had encountered 
many problems during its 20 years of application [2]. In 
addition to the problem of insufficient compensation, 
two other problems have been intrinsic to the 
international system: first, the refusal by the IOPC Fund 
to cover environmental damages and second, the lack of 
effective sanctions to the pollution-prevention system 
[2]. 

Finally, despite broadening of the geographical 
scope of the liability regime, its impact over 
transnational damages remain debatable in relation to 
high seas [6]. 

The refusal of the US to take part in the 
international regime has also posed an obstacle to the 
concerted international efforts aimed at controlling oil 

pollution by ship as well as handling the problem of the 
transnational oil pollution [2]. 

The necessity of updating and improving of the 
international system of liability for marine oil pollution 
generated much debates focused mainly on the following 
aspects: the limitation of liability; the narrow definition 
of the prejudice; channelling of the responsibility; 
broadening the scope of application. 
 
4. CONCLUSIONS 
 

Civil liability for oil pollution damages could not be 
effectivelly solved under the national law until the 
adoption of the 1969 Liability Convention, the first 
convention of the international liability regime. 
Considered an outstanding legal tool, it established the 
basic principles of compensation for oil pollution, 
mainly set of a strict liability for the shipowner up to a 
certain limit, a requirement of compulsory insurance as 
well as the channelling of liability exclusively to the 
shipowner and his insurer. To this principles, maintained 
by the 1992 Protocols, were added amendments in 
respect of limits of liability and compensation, enhanced 
protection for other persons than the shipowner, 
broadening of the scope of aplication. The norms of the 
convention regime become everywhere the rule for the 
law concerning liability for oil pollution. Finally, they 
served as a model for drafting of the legislation on 
liability in other fields too. The legal construction of the 
system of the international conventions is based on 
balancing of multiple economic and political interests of 
the shipping industry, on the one hand and oil interests 
on the other side. In fact, it constitutes an adaptation of 
the contractual model provided by the 1957 Limitation 
Convention where along with the shipowner and the 
cargo owner is brought a third party, the victim of the 
pollution damage. One can say that it is the �sourc e of 
evil�. The inadequacy of the international regime i s 
primarily seen through the inadequate compensation. 
Following every major oil pollution incident the limits of 
compensation were raised through new amendments. 
This challenged the shipowner�s limitation of liability. 
Another effect of the insufficient compensations is 
challenging the exclusive nature of liability under the 
international oil pollution conventions system. The �de-
responsibilization� of an entire category of person s 
involved in the running of ship affects not only the level 
of compensations but also the interest in the prevention 
of the pollution incidents. 

The international regime adressing liability for oil 
pollution is not unified. The refusal of the US to joyn the 
1984 convention system leads to the development of its 
own national oil spill liability laws which are far beyond 
not only in respect of the level of compensations 
afforded to individual claimants, the functions of the 
Fund but also in respect of the scope of the recoverable 
damages. Its provisions which provide compensation for 
ecological damages remain only a simple goal for the 
system of the international conventions. The 
fragmentation of the international system of liability 
affects adequate compensation and leaves open the issue 
of the transbondary pollution. 
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The future of the international regime of liability for 
marine oil pollution depends on the interests of the 
parties involved but also implies more and more large 
human collectivities and areas perceived as marine 
common spaces. It is preferable in these circumstances 
that the emphasis should be placed on preventive 
measures, effective sanctions of the pollution prevention 
system and ecological restoration. 
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ABSTRACT 
 

In 261 B.C., the Roman Senate took the decision to build a powerful fleet of 20 triremes and 100 quinqueremes to 
be able to stand the Carthaginian one. The ambitious Roman project was finalized in 260 B.C., when the ships were 
launched at sea and equipped with crews trained on land. The new ships engaged immediately in two little 
confrontations, at Lipara and near the coast of Italy. The first one ended with the Carthaginian victory while the second 
was won by the Romans. The two confrontations were followed by an important naval battle at Mylae that ended with 
the Roman victory, due to the new fight technique that involved the use of a plank to link the ships together at sea. 
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1. INTRODUCTION 
 

Between 264 B.C. and 261 B.C., the Roman legions 
from Sicily reputed noticeable successes, prompting 
Syracuse to conclude peace and conquering Agrigentum. 
Nevertheless, Carthage was still ruling over the Western 
part of Sicily, because of the military bases it had 
established in that area and of its fleet, which was 
dominating over the Sicilian waters. It became obvious 
that, in order to win the war, Rome needed war ships 
able to face the powerful fleet of Carthage. In 261 B.C., 
the Romans changed the military tactics they used in the 
War for Sicily and the Senate took the decision to build 
120 war ships, 20 triremes and 100 quinqueremes [1]. 
 
2. THE BUILDING OF THE ROMAN FLEET 
 

Putting the project into practice was not an easy 
task. Although the Roman navy was well developed, it 
was only made up of commercial ships and triremes. It 
lacked the quinqueremes, that were specific to the 
Carthaginian war fleet [2]. 

The Romans used a Carthaginian ship they captured 
in 264 B.C. as a model for their quinqueremes [3]. 
According to the literary sources, the Roman fleet would 
have been built in 60 days from the moment of cutting 
the trees [4]. The place where this happened could not be 
precisely identified. It seems that some ships were built 
at Ostia, where the Romans could survey the activity 
closely, and the other part of the fleet was assembled on 
the docks of the Greek cities in Italy. The ships built by 
the Greek craftsmen were paid and became the property 
of the Roman state [5]. 

A delicate problem was that of the crew necessary 
to equip the new fleet. A trireme was usually equipped 
with 200 persons, 170 of them being oarsmen [6]. In 
case of a quinquereme, the number of oarsmen raised to 
300 [7]. Rome needed a great number of men for the 
crews of the newly built ships. It was almost impossible 
that the total number of persons to equip the 100 
quinqueremes had been provided only by the socii 
navales from Italy. It seems that the crew of the fleet was 
heterogeneous, made of citizens from the coloniae 

maritimae of Ostia, Antium and Tarracina [8], also of 
Roman proletarii, citizens who had an income smaller 
than 400 asses [9], and people from the allied naval 
cities. The literary sources also mention the presence of 
the Samnite ethnics in the crews recruited for the great 
sea adventure [10]. 

According to Polybius, the crew was trained on 
land. The oarsmen had to sit on especially-built benches, 
in the same order as in the ships, and their leader was 
placed in the middle of them. The oarsmen bent on their 
back, at the same time bringing their hands to the chest, 
and then bent forward stretching their arms [11]. Some 
modern historians denied the possibility of training the 
oarsmen on land, but J. Thiel agrees with Polybius� 
record. He supports it with an account given by 
Polyaenus about the Athenian admiral Chabrias. He had 
to command 200 Egyptian triremes and trained the 
oarsmen on land, because they were young and unskilled 
[12]. Another argument to support Polybius� description 
is the major risk involved in embarking unskilled 
oarsmen. If Romans had taken aboard people with no 
previous training, the first naval experience would have 
ended in a disaster. The oars could have been broken, 
some sailors might have been wounded and the ships 
might have sunk [13]. 
 
3. THE BATTLE OF LIPARA 
 

In 260 B.C., the consul Gnaeus Cornelius Scipio 
was given the command of the newly built fleet while his 
colleague, Gaius Duilius, was supposed to handle the 
land army in Sicily. Scipio sailed to Messana with 17 
ships, to prepare the logistics for the Roman fleet that 
was to come [14]. Sailing towards Sicily, the consul 
learned there was an opportunity to seize the town of 
Lipara, that was under the control of the Carthaginians. 
This was the only harbor of a small archipelago at the 
north-east of the Sicily coast. The Carthaginian admiral 
Hannibal was at Panormus when he received the news 
regarding Scipio’s activity. He dispatched Boödes to 
Lipara, with a squadron of 20 quinqueremes, to prevent 
the Romans from capturing the city. Boödes sailed b y 
night, and appeared at the mouth of the harbour at dawn, 
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taking Scipio by surprise. The Roman squadron was 
trapped, and, having no way out, Scipio surrendered 
without opposing any resistance [15]. The literary 
sources also offer another version on the capturing of the 
consul Gnaeus Cornelius Scipio. According to this 
records, the Carthaginians used a trick to capture the 
Roman magistrate: they invited the consul on the board 
of the flag-ship to negotiate the fate of Lipara and, once 
on the vessel, he was taken prisoner [16]. As a result of 
this failure Scipio was given the cognomen Asina. Later 
on, he was probably redeemed, because he got to the 
consular power once again in 254 B.C. [17]. 

To compensate for the loss of 17 ships, Rome asked 
for help from the allied cities. The Roman fleet was 
completed by the addition of ships from Massalia, Ostia, 
Naples and Rhegium [18]. While waiting for the 
finalization of the fleet preparations, the ships were 
training at sea near the Italian coasts. Hannibal learned 
of these maneuvers of the Roman fleet and directed his 
ships to Italy. The African squadron, composed of 50 
vessels, attacked the Roman ships but the odds were on 
the Roman side. The Romans defeated the 
Carthaginians, which lost more ships than they had 
captured at Lipara [19]. After the first two naval fights 
the results were balanced, since each opponent enjoyed a 
small success. 
 
4. THE BATTLE OF MYLAE 
 

After Scipio was taken prisoner, the command of 
the fleet was given to Gaius Duilius. Shortly after he 
took the command, the consul started the fight 
preparations, because the enemy fleet was sailing near 
Messana. 

The well-known and decisive method in a naval 
battle was to outrun the enemy ship and to pierce it with 
the iron spur at the bow [20]. The Romans realized that 
they did not have either fast ships or skilled 
commanders, and they equipped the bow with a mobile 
boarding device, called corvus, that could be lowered 
either in front of the ship or on both sides when an 
enemy vessel would have tried to use its iron spur. When 
the bridge was lowered over the enemy ship, the soldiers 
could have captured it, like in a land fight. In this way, 
the Roman infantry was given more importance in the 
naval battles [21]. 

In order to lure the Roman fleet, Hannibal decided 
to sail to Mylae, a city in the north of Sicily, near 
Messana, intending to plunder it. The Carthaginian 
admiral was confident about his victory, because he 
knew the Roman fleet, consisting of heavy ships, would 
have had no chance in front of the fast African vessels.  

The Carthaginian fleet was made up of 130 vessels 
and a flagship, a heptares that belonged to the king 
Pyrrhus of Epirus [22]. W. Tarn showed that the Romans 
had about 143-145 ships, because they had possessed 
160 ships before the battle of Mylae, but he also 
considered the vessels Scipio Asina had lost [23]. 
However, it is possible to complete the number of the 
Roman ships calculated by W. Tarn, because, in the 
battle near the Italian coast, the Carthaginians lost more 
vessels than the Romans at Lipara. Probably, Rome 

equipped the ships captured from the Carthaginians and 
thus their fleet reached the number of 160 vessels [24]. 

The Roman squadrons were made of quinqueremes, 
triremes and probably penteconters. Certainly, most of 
the fleet was made of quinqueremes, because the enemy 
had similar ships. The percentage of this type of ship in 
the Roman fleet was about 80-90% [25]. 

The presence of the Carthaginians near Mylae, with 
the intention to plunder it, determined the consul Duilius 
to give the command of the land troops in Sicily to the 
military tribunes and he ordered the departure of the fleet 
[26]. When the Roman ships were noticed by the 
Carthaginians, they realized that the Romans had 
difficulties in controlling them, due to their lack of 
experience. The admiral Hannibal was sure about his 
victory and attacked the Roman ships without any 
preparation in advance. When the Carthaginian ships 
came closer, with the intention to rip up the enemy 
vessels, they were assaulted on the boarding bridges that 
allowed the access of the Roman soldiers on their decks. 
The Carthaginian first line was defeated by the new 
technique and the naval battle looked more like a land 
fight. During the second stage of the battle, after the 
surprise effect had disappeared, the Carthaginians tried 
to adapt to the new situation and made use of their 
agility in maneuvering the ships, rotating around the 
enemy vessels to strike them. This attempt failed when 
the second line of the Roman fleet entered the fight. The 
battle of Mylae, from August 260 B.C., ended with the 
victory of a great land force against an incontestable sea 
power [27]. 

The losses in the Carthaginian fleet were 
considerable. Polybius related that the Carthaginians lost 
50 ships, without indicating the number of captured or 
sunk vessels [28]. Eutropius mentioned that the Romans 
captured 31 ships and took 7,000 prisoners and other 14 
ships had been sunk, with 3,000 persons on board [29]. 
The Roman losses seemed to be significantly smaller, 
estimated at only 10 triremes. This type of ship was 
more vulnerable since it did not have a corvus. The 
conclusions drawn, considering the Carthaginian losses, 
is that the boarding technique applied by the Romans 
was less destructive, the number of captured ships being 
bigger than that of the sunken ones [30]. 

The victory at Mylae meant a lot for the Romans� 
morale. Rome became over night a naval power and got 
the means to conclude the War for Sicily, that seemed 
not to end in the near future and threatened to ruin the 
Italian commerce. The consul Gaius Duilius, the 
commander at Mylae, was the first magistrate who was 
given the naval triumph at Rome [31]. 
 
5. THE BOARDING BRIDGE (CORVUS) 
 

In 261 B.C, Romans needed only 60 days to launch 
their first important military fleet. The ships were still 
rudimentary and they could not be compared with the 
Carthaginian vessels, that were faster [32]. 

The Romans needed to compensate for the lack of 
naval experience of their commanders and crews and 
also for the lack of speed of their military ships. In order 
to reduce these disadvantages, they invented a boarding 
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bridge, that was later named corvus (kórax  in Greek) 
[33]. 

The technical data of the device used by the Roman 
naval forces are to be found in the Histories of Polybius. 
It seems that the historian from Megalopolis took the 
data offered by the Roman annalist Fabius Pictor [34].  
The Polybian account relates that the badly build Roman 
ships were equipped with a device called �crow�. Th is 
was made of a long pole of 7.3 m long and 22-25 cm 
wide, placed vertically at the bow and having a pulley at 
its end. Around the pole there was a board of 11 m long 
and 1.2 m wide, with a hole in it. The board was making 
the bridge. It had a small parapet and a spike at its end, 
used to grip the enemy ship. This could be lowered in 
front and also on both sides of the ship [35]. 

The new device was functioning as it follows: when 
an enemy ship was coming closer to a Roman vessel 
prepared to pierce it, the soldiers on the deck lowered the 
bridge over the ship of the enemies using the pulley; the 
enemy ship was gripped and the Roman soldiers passed 
on the deck of the vessel, capturing it as in a land 
confrontation [36]. 

The Romans who were skilled in land battles added 
this bridge to the ship in order to compensate the 
difference between them and the Carthaginians and to 
take them by surprise. The Roman innovation also had 
another major advantage, because it considerably 
decreased the number of the sunk ships. Using this 
technique, the Romans captured 31 Carthaginian vessels 
in the battle of Mylae [37]. 

W. Tarn rejected the validity of the information 
offered by Polybius regarding the boarding bridge. He 
noted that it was impossible for a Roman ship to be 
equipped with such a device, because its weight would 
have sunk the vessel. According to his analysis, the 
Roman ships could have been equipped at the most with 
a hook [38]. 

H. Rose and J. Thiel accepted the presence of the 
boarding bridge on the Roman ships that participated in 
the First Punic War. They proved that in case the 
Romans had used a simple hook, it would have been 
impossible for the soldiers to pass on the deck of the 
enemy ship. Another strong argument prove the usage of 
the boarding bridge in the naval battles during the War 
for Sicily: the boarding technique was given up with the 
development of the naval constructions and the building 
of easier and faster ships and hence, later on, this device 
is not to be found on the Roman vessels [39]. 
 
6. CONCLUSIONS 
 

The First Punic War broke in 264 B.C. and it 
opposed two different types of military powers: Rome 
was a great terrestrial power, which had just completed 
the conquest of Italy, while Carthage was a fearsome 
naval force, owning the most powerful fleet in the 
Western Mediterranean. 

At the beginning of the conflict, an African admiral 
warned the Romans that they would not be able even to 
wash their hands in the sea unless the Carthaginians 
allowed them to do this [40]. The Romans needed 4 
years to realize that it was not possible to win the war 

without a military fleet able to chase the Carthaginians 
away from the Sicilian waters. 

Launched at sea in 260 B.C., the first Roman fleet 
defeated the Carthaginians in the great naval battle from 
Mylae, through the use of a boarding bridge fixed on the 
deck of the ships. By this victory, Rome opened its ways 
on the sea and became a noteworthy naval power. 

 

 
 

Figure 1 Roman corvus 
(H. WALLINGA, The Boarding-Bridge of the 

Romans. Its Construction and Its Function in the Naval 
Tactics of the First Punic War, Groningen, 1956, pl. 1) 
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ABSTRACT 

If at the beginning of the era marked by the introduction of the steam engine and propeller to ships, the propeller 
was considered as an additional means of propulsion, since 1950, constructive ideas about ships equipped with sails 
began to appear, this time as an additional means of propulsion. 

Keywords: sails from cloth, rigid sails, the mechanical sail, hybrid sails 

 
1. INTRODUCTION 
 

Since ancient times, man has used wind as a means 
of actively propelling boats, but a very long time man 
could not sail without bearing winds (in the stern area), 
since propelling sailing installations were primitive, and 
in those times, the modern system of sails construction 
and orientation had not been discovered yet. Thus, sails 
must be constructed so as to function according to the 
trajectory of the vessel and to the wind direction, on any 
of the borders, in order to allow, depending on the need, 
to change the course of the ship (the ascent or descent 
depending on the wind direction and the navigation in 
volts). This is a prerequisite for the design and 
construction of various types and forms of sails, because 
during their use, they should be able to keep up in the 
wind, in order to capture and efficiently consume all its 
energy. 

Keeping up the sails in an efficient position through 
their support elements, relatively low, the masts, the 
fixed and mobile maneuvers, as well as other stiffening 
materials, offers the possibility for sails to be 
manufactured on templates as wing-type profiles, 
flexible, rigid or hybrid, their appearance becoming 
closer and closer to that of wings and less to that of 
classic sails. 

The effectiveness of any sail is determined by its 
ability to generate a large aerodynamic bearing force 
with a minimal frontal resistance induced. 

In setting optimization conditions for any sail, for a 
minimum frontal resistance induced, the criteria to start 
from are the next: 
1. establishing limits on the bending moment (the height 
of the sailing center), by taking into account the stability 
of the hull and limits on the height of the sail; 

2. the variation of the induced speed distribution, in 
order to minimize the frontal resistance induced, 
respecting the limit of the bending moment, and the 
determination of the load scale, from the distribution of 
the induced speed; 
3. the choice of projects for sections, based on 
considerations on the  viscous environment; 
4. setting the combination between torsion and flat sail, 
given the distribution of the downward current, the 
angles of the attack bearing force zero of sections, and 
the coefficients of the maximum upward force; 
5. the modification of the optimal plane form in order to 
get a form that can be practically built; 
6. analyzing the final form for comparison with the 
optimal performance 

 
2. TYPES OF SAILS 
 

Sails can be classified by the shape and material 
that they are made from, as it follows: 
 
2.1 Sails from cloth 
 

Ordinary cloth sails were first placed on large ships 
with conventional propulsion. Regarding the traditional 
sails, from sail material (soft sails), they were used 
successfully by shoners of the time, being considered 
very powerful ships. The Bermudian sail type is used 
also today to yachts and cutters. Waertsila Ab. Company 
conceived an automatic system of handling sails and 
designed the modern cruise sailing ships �Wind Star � 
(Figure 1), �Wind Song� and �Wind Sprits� between 
1986 and 1988. 

 

 
Figure 1 Modern cruise ship �Wind Star�, sails equipped 
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Since 1980, Nippon Kaiji Kyokai has registered 

ships of different types and displacements equipped with 
sails, as additional means of propulsion. Sails adopted by 
some ships were made from ordinary sailcloth, the role 
of the masts being taken during the march, by the 
installation of loading / unloading of the ship (ship 
cranes and sheers). 

With only one improvised sail, after 14 days of 
bearing to the wind ward, the gain in the area covered 
will be of 336 mm, which means, to a vessel with a 
speed of 12 Nods, a gain in time, bigger than a day of 
march (28 hours of march) and, at a rate of 0.666 tons / 
hour (16 tons / day), a fuel saving of 18, 664 tons 
(without taking into account �a decrease in motor t asks� 
and the lubricants saving). 

2.2 Rigid sails 
 

Since 1955, in Germany, the project plan of the ship 
�Dynaship� (Figure. 2) began to investigate the 
possibilities of equipping ships with conventional 
propulsion and semi rigid square type sails. This project 
of sail type was not in the end built, but the concept can 
be considered the predecessor of the rigid sail made by 
Yamada, who together with NKK built the first rigid 
square sail. 

Opening and handling the sail with angles 
corresponding to the wind dash are executed by 
hydraulic machinery. 

 

 
Figure 2 The general plan of the project of ship �D ynaship� equipped with rigid sails 

 
2.3 YAMADA-NKK type sails. 
 

These are rigid sails, which were located in the 
diametrical longitudinal plane, the first in the prow of the 
cargo store no. 1 and the second between stores 2 and 3, 

their handling being accomplished with an auxiliary 
motor controlled by a computer which calculates and 
controls their orientation angle, depending on the wind 
direction and on the force of the relative wind. 

 

 
Figure 3 Tanker �Shin Aitoku Maru�, the first moder n ship equipped with rigid sails 

 
As consequence of those features, the ship Shin 

Aitoku Maru, compared with a similar ship powered 
only with mechanical propulsion, achieved a fuel 
reduction by 30% -40% and the decreasing of the time 
planned for the voyage, by increasing the speed of the 
march. After 1980, more ships were equipped with rigid 
sails with aerodynamic profile, as auxiliary propulsion 

installation; only in Japan, 17 vessels were equipped 
with Yamada sails. 
2.4 The mechanical sail 
 

Mechanical sails can generate the highest 
coefficient of lift, significantly higher than that of the 
usual classic sail, but their drawback is that the sail is 
very heavy. 
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2.5 The turbo sail 
 

The turbo sail has as functioning principle, the air 
capture and its drawing behind the sail body, by a 
powerful electric ventilator. Although hoping that it will 
be a sail with a high lift, it was only experimentally used 
on small boats. 

In 1985, French maritime researcher Cousteau 
ordered a ship to be the successor of the famous ship 
�Calypso", called �Alcyone�, after which the ship 
�Calypso 2� will follow. Both vessels are equipped with 
the so-called �turbo-sails�. In reality, they are l arge  
wings resembling very much to Flettner’s rotating 
cylinders, although they do not rotate. �Alcyone� s hip 
has two turbo-sails, each with a height of 7 m. Currently, 
a team collects donations for �Calypso 2�, ship whi ch 
will have a single turbo sail with a height of 24 m. 

 

Figure 4 The ship �Calypso� equipped with Turbo sai ls 
 
2.6 The wing-type profile sails 
 

Keeping sails in an efficient functioning position, 
through their support elements, relatively low, such as: 
the masts, the fixed and mobile maneuvers, whales and 
other stiffening materials of the sails, provides the 
opportunity to conceive and build the profile of wing 
type, flexible, rigid or hybrid, and to be more effective; 
today, their appearance is closer to that of wings than to 
that of conventional sails (figure 5). 
 

 

 

Figure 5 Flexible wing-type sails 

The purpose of such installation is to use wind 
power for propulsion and to reduce fuel consumption 
and therefore the air pollution, eliminating, thus the need 
to use, exclusively, the engine propulsion. This type of 
modular sail offers the possibility to be lifted, if needed; 
the module cover is temporarily opened to allow the 
mast to extend up and closes around the base of the large 
sail for sealing. 
 
2.7 Hybrid sails 
 

The hybrid sail is patented to the State Office for 
Inventions and Trademarks, and consists of a rigid wing 
profile that will have also the role of mast, combined 
with a slit shutter, the mast being extended from the flow 
edge with a thin sail (soft material - from cloth). 

The technical problem solved by the hybrid sail is 
the use of a sail made of two parts (one rigid � of  rigid 
lightweight materials, plastics, aluminum, fiberglass, etc. 
and the other soft � from cloth), which provide bot h the 

classic appearance of flexibility and efficiency and the 
aspect of resistance in time. 

Next to these considerations, are those related to the 
using of shaped masts, aircraft wing-type, which 
significantly reduce the longitudinal resistance to 
progress of the ensemble mast-sail, and a flap (little 
wing) of board for attack on the wing mast, device 
similar to the fire sail from sails boats.  

Considering this type of complex sail determines 
the increase of the propulsion force of the boat or vessel 
and, just as in the case of aircraft, to a more rigorous 
control of the behavior of hybrid sail-wing in the air 
stream. 

The advantages of this sail are benchmarks for 
further studying the construction of sails used for trans-
oceanic ships and consist of: 

1. the use of the hyper-sustention device (flap), 
which improves the lift of the hybrid sail due to the 
increase of the sail area, the change in march of the 
curvature of the sail profile, leaving the surface constant 
or not, the possession of the limit layer on the back of 
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the wing and the delay for angles of incidence bigger 
than the critical angle, of the separations on the back. 

2. the lift coefficient increases almost 
simultaneously with the aspect of the  sail ratio in 
experiments, and on the other hand, the coefficient of 
frontal resistance does not change significantly; 

3. when using the flap, an improvement of the air 
flow on the back of the sail is found, especially when the 
flap is close enough to form a blower; 

4. the influence of the flap and soft sail on 
aerodynamic characteristics was investigated through 
experiments and showed that the flap influence on the 
lift is very big, increasing it by approximately by 30-
40%; 

5. the effect of the flap and flexible wing of 
adaptable form of the current determines the increase 
almost twice of the maximum angle of incidence, from 
normal wings; 

6. the sails system set from the main deck above has 
the advantage of adequate adaptation and using, at the 
masts, of devices and mechanisms from the loading/ 
downloading installations (sheers, cranes), but which, 
however, during the operation of the ship or for harbor 
maneuvers can be an impediment.   

The achievement of this system is based on the 
consideration according to which, for the optimization of 
the sailing propulsion system of ships, the design of a 
sail consists actually of the control of the boundary layer 
of separation, by the distribution of pressure in order to 
lift the maximum bearing force of the section and reduce 
the frontal resistance in viscous environment. 
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ABSTRACT 
 

Seafarers have access to a variated documentation that can be used in order to realize an overview of existing 
meteorological situation and estimate the future trend of the weather conditions. 

The first rule in forecasting at sea is that the weather will continue much the same unless you pass close to, or 
through, a front or a low. 

There are, however, other methods of forecasting, of shorter or longer duration that seafarers can use in practice. 
 
Keywords: forecasting, analysis, weather maps, radiofacsimile, methods. 
 
 
1. INTRODUCTION 
 

The seaman is necessarily an amateur 
meteorologist. Detailed knowledge of weather conditions 
helps to navigate safely, taking better decisions on their 
chosen route. 

Seafarers have access to a diversified 
documentation that can be used in order to realize an 
overview of existing meteorological situation and 
estimate the future trend of the weather conditions. 

There are several types of weather message 
broadcast by radio in most parts of the world: 

- Weather warnings; 
- Forecast messages; 
- Analysis and prognosis messages; 
- Synoptic messages. 
They add weather maps via radiofacsimile received 

on board and INMARSAT and also those prepared to 
ship based on direct observations made by seafarers. 

 
2. WEATHER MESSAGES 

 
Weather warnings and forecast messages are in 

plain language.  
Maritime weather forecasts include four types of 

severe weather warnings: small craft, gale, storm and 
hurricane force winds. 

The meanings of these warnings are: 
• Small Craft Warning: winds 20-33 knots and 

wave heights 2-3 m (7-10 ft.) 
• Gale Warning: winds 34-47 knots and wave 

heights 6-9 m (20-30 ft.) 
• Storm Warning: winds 48-63 knots and wave 

heights 9-16 m (30-52 ft.) 
• Hurricane Force Warning: winds 64 knots and 

over and wave heights over 16 (52 ft.) 
The Storm warnings are one of the most essential 

form of weather message. In these warnings are given 
the position of the low, or storm centre, the force or 
spees of the wind at different distances from the centre 
or in the several forecast or geographical areas affected 
and the expected movement of the centre in the 
immediate future. 

Forecast messages are issued at least twice daily and 
include an expectation of wind and weather in advertised 
areas for a period of 12 to 24 hours. 

An analysis gives nearly all you can want. When it 
is ploted you can immediately visualise the situation in 
any part of area covered.You can see just where any 
fronts are, where they will be during the next 12 or more 
hours and how bad the weather will be if and when on 
passes you. The deficiences of a forecast are removed in 
the analysis messages. The disadvantage is the time 
taken to plot it. 

The analysis and prognosis messages and the 
synoptic messages are in 5-figure groups, the numeral 
codes used being almost universal and the same as those 
used by ships for coding their own weather reports. This 
is the IAC (International Analysis Code) FLEET Code, 
form in wich analysis and prognosis messages are 
transmited to ships, abridged for marine use. 

It is advisable to plot two analysis messages a day, 
at 12 hourly intervals, because one is thereby using more 
up-to-date information.  

Synoptic messages gives nearly all the information 
one could need. Unfortunately, this kind of message 
takes a long time to plot (about 2 hours for an amateur 
meteorologist) and a further 45 minutes or more to 
analyse. 

 
3. WEATHER MAPS 
 

A weather map displays various meteorological 
features across a particular area at a particular point in 
time and has various symbols which all have specific 
meanings. Such maps have been in use since the mid-
19th century and are used for research and weather 
forecasting purposes. Maps using isotherms show 
temperature gradients, which can help locate weather 
fronts. Isotach maps, analyzing lines of equal wind 
speed, on a constant pressure surface of 300 mb or 250 
mb show where the jet stream is located.  

Use of constant pressure charts at the 700 and 500 
hPa level can indicate tropical cyclone motion. Two-
dimensional streamlines based on wind speeds at various 
levels show areas of convergence and divergence in the  
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wind field, which are helpful in determining the location 
of features within the wind pattern. A popular type of 
surface weather map is the surface weather analysis, 
which plots isobars to depict areas of high pressure and 
low pressure. [5] 

 
3.1 Analysis maps 

 
Analysis maps are based on weather observations 

from which patterns of higs and lowsas well as the 
locations of weather fronts are drawn. Much of the 
accuracy of the charts depends on the skill of the 
meteorologist or analyst who draws the pattern bassed on 
his interpretation of the observation. 

 
The surface weather analysis charts are going to be 

the most frequently use because they are the ones wich 
depict what the actual pattern looked like a certain time. 

There are two important factors to keep in mind 
when using any surface analysis map. 

 
First, the weather pattern over the ocean outside the 

major shipping lanes may be based on very few 
observations. Aboard ship we have no indication how 
many observation were used for each chart, so whether 
the analysis is precise or not has to be left to trust. 

 
Second, the analysis chart is not showing the pattern 

as it exists at time of receipt aboard the ship, but is the 
pattern as it was some three to six hours earlier 
depending on wich maps we elect to copy. This will be 
important in those weather situation that are changing 
rapidly, such as deepending lows moving at 40 knots.  

 

 
 

Figure 1 Analysis map  
(source: NOAA; http://www.noaa.gov/) 

 
3.2.Prognosis charts 

 
Prognosis charts are maps which display what the 

weather is expected to be like at a future time; in other 
words, a forecast map. 

 
 

The prognosis charts normally used are the Surface 
weather prognosis, the significant wave height prognosis 
and the 500 hPa prognosis. 

 
There are also other prognosis charts, such as 

weather depictions charts showing the types of clouds 
and weather expected over the ocean. 

 
Manual prognostic charts have special symbols 

which require a legend or previous knowledge which 
depict tropical cyclones, turbulence, weather fronts, rain 
and snow areas, precipitation type and coverage 
indicators, as well as centers of high and low pressure. 

 
Atmospheric models are computer programs that 

produce meteorological information for future times at 
given locations and altitudes. Within any modern model 
is a set of equations, known as the primitive equations, 
used to predict the future state of the atmosphere.  

 
The prognosis charts showing weather patterns at 

the surface and the 500 hPa level (about 4 800 to 6 200 
meters about the earth‘s surface) are produced by 
computers. As might be expected, the further into the 
future the prognosis, the more inaccurate it is likely to 
be. Thus, prognosis charts that predict for 12 to 48 hours 
agead will usually be more precise than ones that are for 
72 hours, especially in fast changing weather situations. 

 
Surface weather prognosis charts for seamen 

indicate the positions of high and low pressure areas, as 
well as frontal zones, up to five days into the future. 
Surface wind direction and speed is also forecast on this 
type of chart. Wave prognostic charts show the expected 
sea state at some future time. 

 
For purposes of severe weather, prognostic charts 

can be issued to depict current weather watches, 
convective outlooks for thunderstorms multiple days into 
the future, and fire weather outlooks. 

 

 
 

Figure 2 A manual prognosis chart of the weather 
36 hours into the future  

(source: NOAA; http://www.noaa.gov/) 
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Figure 3 An automated prognostic chart of the 96-hour 
forecast  

(source: NOAA; http://www.noaa.gov/) 
 

4. FORECASTING TECHNIQUES AND 
METODS 
 
4.1 Forecasting techniques 
 

The technique used with surfaces analysis charts in 
tracking the weather is based on the idea that the past is 
an indicator of the future. A minimum of two surfaces 
analysis charts received each day is recommended and 
more than this when the situation is rapidly changing or 
critical operations requiring the most up-to-date 
information are involved. 

Take the latest map and the one previous to it and 
then plot the earlier locations of the high and low centers 
and fronts. Plot these on the latest chart. Based on the 
past movement between the two maps, project ahead by 
noting the positions of these features at 12 and 24 hours 
ino the future on the latest map. Another useful feature 
to advance in the region of closely spaced isobars in 
wich gale force ore stronger winds are likely. 

 

 
 

Figure 4 Forecasting positions of low and high 
centers, fronts and strong wind areas using two surface 

weather maps 
 

4.2. Forecasting methods 
 
Forecasting based on history or <<Historical 

forecasting>>- predicting the weather by assuming that 
what hapened in the past will happened again this time- 
is one of the methods used to predict the tracks of 
hurricanes. 

One of the simplest methods of forecasting the 
weather is to assume that it will not change for a little 
while. This technique, called <<persistence 
forecasting>> is often reliable over periods of minutes or 
hours. In most locations, persistence forecasting doesn‘t 
work well for periods longer than a couple of hours, 
because the temperature and cloud cover often vary 
greatly between morning and afternoon, afternoon and 
evening and between day and night. 

A more reliable and versatile method of short term 
forecasting involves the assumption that a current 
tendency or trend will continue or that observed cycle 
will repeat. This is known as <<trend forecasting>>. It is 
a form of extrapolation- extending a defined rated of 
change into the future.  

Synoptic weather forecasting is done by assembling 
weather maps pf large regions from observed and 
reported data at numerous stations. The defining tool of 
synoptic forecasting is the weather map. At the 
temperate latitudes, major weather systems tend to move 
generally west to east at 20 to 30 kt. High pressure 
systems are usually associated with fair and warm 
weather, while low-pressure systems are associated with 
foul weather. 

Synoptic forecasting can be comparated to analog 
communications, in wich variables can change 
continuosly. Numerical forecasting is more like digital 
communications, in wich the variables are broken up 
into small parcels or packets and the behavior of the 
whole system is deduced by brute force of calculation, 
based on the laws of physics. 

The atmosphere and the oceans interact to produce 
weather on moment to moment basis. The motion of 
every single atom or molecule plays same role. The 
weather phenomena are the sum total of action of all 
these particles. Numerical forecasting has proven to be 
an excellent method of weather prediction for the short-
term (a few hours) and the medium term (up to a few 
days). 

Computer models have also been used to forecast 
weather trends for approaching months and season. 
 
5. CONCLUSIONS 
 

On board, seafarers have available a number of 
documents and maps able to provide meteorological 
information required for practicing a safe navigation. 

How they manage to collect and manage 
information depends to a large extent on the experience 
they have gained. Realizing some proper correlation 
between data obtained from direct observations or from 
real data analysis, can get an overview into the future 
evolution of weather conditions and they can establish a 
convenient route accordingly. 
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It is therefore important to know what resources are 
available to inform about the weather and the way in 
which they can operate conveniently. 
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ABSTRACT 
 

Over the past decades there has been a continuous increase in the public concern about general risk issues. The 
consequence of this trend is that whenever a catastrophic accident occurs - and receives media coverage - there is an 
immediate political and public demand for actions to prevent the same type of catastrophe in the future. Many of the 
past improvements in safety of marine structure have been triggered by disasters but there is a change in this trend. The 
maritime society is beginning, albeit slowly, to think and work in terms of safety assessment of individual ships instead 
of the very generalized prescriptive regulations which have evolved over the past 150 years. In line of these aspects it is 
clear that rational procedures for evaluating the consequences of accidental loads are highly desirable, not to say 
necessary.  Within a reasonable time span this makes it impossible to draw cause and effect conclusions from statistics 
alone and attempts of doing so would most likely be highly reactionary with questionable effectiveness. 
 
Keywords: ship�s grounding, refloating, simulation. 
 
 
1. INTRODUCTION 
 

A grounded ship is in a position not intended by her 
designers, builders, or operators, and is subject to very 
different forces and conditions than when in normal 
service; she is more like a poorly designed, inadequately 
protected, and usually inappropriately placed breakwater 
than a ship at sea. Like a ship being drydocked, part of a 
stranded ship�s weight is supported by the surrounding 
water, part by the ground. The portion of the ship�s 
weight supported by the ground is ground reaction (R), 
or tons aground; it is equal to the lost buoyancy. The 
ground reaction distribution is uneven and unpredictable. 
There are four major effects of ground reaction: 

• The loss of buoyancy alters hydrostatic 
characteristics and hull girder loading. 

• The upward force of ground reaction at the keel 
causes a virtual rise in the centre of gravity. 

• Extremely high local loading with damage or 
penetration of the hull can occur, particularly on 
rocky bottoms. 

• Ground reaction holds the ship stationary; she 
cannot respond to or fall away from disturbing 
forces, such as waves, as she does when afloat. 

The conditions of a stranding are seldom fully 
defined in the beginning and often are not completely 
defined during the salvage operation. The stranding 
condition and the environment are the principal sources 
of forces on a stranded ship. Stranding salvage is time-
critical; environmental conditions may improve or 
worsen with time, but the condition of a stranded ship 
steadily deteriorates.  

 
2. THE STRANDING CONDITION 

The way the ship lies on the ground and her position 
relative to the seafloor and coastline influence the 
casualty in two ways: 

• The way the ship lies on, and is supported by, 
the ground is a principal indicator of the effort 
required to free her. 

• Distribution of the ship�s weight between 
residual buoyancy and ground reaction affects 
stability and strength. 

• The ship�s position relative to the shore and 
underwater features can either intensify or 
mitigate environmental effects. 

Specific considerations are: 

• Magnitude and distribution of ground reaction. 
• Changes in list and trim caused by the 

stranding. 
• The area of the ship in contact with the bottom. 
• Depth of water under and around the ship. 
• Channel depth�depth of water between the 

ship and unobstructed deep water. 
• Position and attitude of the ship relative to the 

ground and the shore. 
An overall view on groundings categorize the 

accidents in two major groups: 
• Grounding on soft sea beds, so-called Soft 

Groundings. The damage to the hull in terms of 
crushing at the point of ground contact is 
limited but the hull girder may fail in a global 
mode due to shear force and bending moment 
exceeding the hull girder capacity. 

• Grounding on hard bottoms - so-called Hard 
Groundings. The primary concern here is the 
local crushing and tearing of the ship bottom 
due to a cutting rock. 

In accordance with Pedersen, the starting point of 
the theoretical analysis is to divide the scenarios leading 
to grounding into four main categories: 

• Ships following the ordinary direct route at 
normal speed. Accidents in this category are 
mainly due to human error, but may include 
ships subject to unexpected problems with the 
propulsion/steering system which occur in the 
vicinity of the fixed marine structure or the 
ground. 

• Ships which failed to change course at a given 
turning point near the obstacle. 
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• Ships taking evasive actions near the obstacle 
and consequently run aground or collide with 
the object. 

• All other track patterns than Cat. I, II and III, 
for example ships completely out of course due 
to loss of propulsion. 

When a ship runs aground on a soft sea bed the 
principal energy absorbing mechanisms which stop the 
ship are normally: 

• Deformation of the sea bed. 
• Friction between sea bed and hull. 
• Change of potential energy of the ship and the 

surrounding water. 
• Deformation of the hull. 
• Hydrodynamic damping. 

 

3. REFLOATING STRANDED SHIPS 

Stranded ships are refloated by the following 
actions: 

• Moving the ship to water deep enough to float it 
at the draft corresponding to its weight 
(displacement). 

• Deepening the water around the casualty. 
• Reducing the required draft at the grounded 

portion by removing weight, lifting, or altering 
trim. 

In practice, a combination of methods is normally 
used. In most cases, the stranded ship is lightened until 
the required freeing force is less than the available 
tractive forces, and then pulled into deeper water. It is 
often necessary to remove many tons of cargo, stores, or 
floodwater.  
 
3.1 Moving Stranded Ships 
 

The force required to move a casualty over its 
strand is the sum of the forces required to: 

• Overcome friction between the ship and 
seafloor. 

• Move loose seafloor material that may be 
pushed ahead of the ship. 

• Break or crush obstructions or impalements, 
such as rock outcroppings, coral heads, etc. 

• Overcome suction on soft bottoms. 
Friction is a function of ground reaction as modified 

by other factors, such as the coefficient of friction of the 
bottom, the area of the hull in contact with the bottom, 
and the casualty�s list and trim. Freeing force is reduced 
by decreasing the effects of these factors, as well as by 
decreasing ground reaction. 
 
3.2 Increasing Water Depth 
 

Water depth under and around a casualty can be 
increased to: 

• Obtain sufficient water depth to refloat the 
vessel. 

• Reduce ground reaction by increasing 
buoyancy. 

• Free one end of a vessel to allow it to be 
pivoted by other methods. 

Water depth inside small coves or estuaries can be 
increased by closing the entrance with sheet-steel piles 
or cofferdams. In some navigable rivers and canals, 
water level can be controlled to some extent by lock 
gates and dams � it may be possible to raise water level 
by increasing flow past upstream dams. On very soft 
soils, it may be possible to increase the ship�s weight, by 
flooding or other means, so that she settles more deeply 
into the seafloor. After she has settled, the excess weight 
can be removed to allow her to float free. More 
commonly, water depth around a casualty is increased by 
removing ground from under it. Ground removal is 
accomplished by scouring or dredging soft bottoms, or 
by blasting hard bottoms. These methods can also be 
used to cut channels to deep water through bars or 
behind vessels stranded high and dry.  

 
3.3 Temporary Reduction 

Dynamic friction is almost always less than the 
static friction between two objects. If freeing force can 
be reduced long enough for the pulling system to start 
the ship moving, it can usually be kept moving. 

• Swells increase the buoyancy of the stranded 
ship and decrease the ground reaction as they pass. High 
seas or heavy swells running during a retraction decrease 
the pulling force required to refloat the ship. If the 
pulling force is enough to start the ship moving at the top 
of a swell when ground reaction is lowest, the coefficient 
of friction is lowered instantly to the dynamic level. The 
dynamic coefficient of friction may be low enough that 
freeing force stays less than pulling force after ground 
reaction increases again, and the ship keeps moving. 
When there are no natural swells, ships passing parallel 
to the beach at high speed create swells that act like the 
natural swell. Destroyers running a long racetrack 
pattern as close to the refloating operation as safety 
permits are ideal for this purpose. 

• Jacking reduces freeing force by changing the 
nature of the ground reaction, rather than reducing it. 
Hydraulic jacks of 60 tons capacity or greater are 
employed to temporarily lift the ship. By taking up part 
of the ship�s weight on the jacks, the amount of weight 
bearing on the high friction interface between the ship�s 
bottom and seabed is decreased. The jacks are rigged on 
long spuds that can pivot at their bases, allowing the 
casualty to be moved when the friction force is 
sufficiently reduced. Jacks are placed symmetrically 
about the estimated position of the center of ground 
reaction and are secured with a retrieving line led to the 
deck. The jacks are raised to their maximum lift at the 
beginning of a pull. When the ship moves, the jacks will 
topple and must be reset for the next operation. Once the 
stranded ship is moving, it is often possible to keep it 
moving against the lower dynamic coefficient of friction, 
even if the ground reaction increases when the jacks trip. 
If not, the casualty is refloated by moving it seaward in a 
series of short steps. For jacking to be successful, the 
seafloor must be hard enough, or must be reinforced, to 
support the jacking forces. On rock seafloors, concrete 
rubble-filled beds or heavy timbers topped by steel plate 
are adequate foundations. On sediment seafloors, plate 
or timber mats are used to spread the load until the unit 
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pressure is less than the bearing capacity of the soil. 
Crushed coral, stone, shell, or gravel can be laid in to 
increase soil bearing strength. Similarly, the hull of the 
ship must be protected from the jacking forces. If these 
forces are not spread out along the hull, they will cause 
local damage at the point of application and may even 
rupture the hull. Steel weldments or heavy steel angles 
welded to the hull and padded with timbers are suitable 
jacking pads. The load is transmitted to the ship structure 
by shear stress in the welds and side plating. 

 
3.4 Explosives 
 

Explosive measures to reduce freeing force include: 
 

• Judicious use of small charges to deepen the 
water around the casualty and cut channels 
through hard bottoms (explosive dredging). 

• Explosively cutting or pulverizing coral or rock 
outcroppings that are impaling the casualty or 
blocking its retraction. 

• Using small charges along the length of the 
casualty to cause vibration and fluid behavior in 
the seafloor under the casualty. 

• Detonating moderate charges several hundred 
feet from the casualty to generate artificial 
swells to momentarily increase buoyancy. 

Use of explosives requires skill and experience to 
avoid damaging the casualty.  

 
4. SIMULATION OF REFLOATING A SHIP 
USING HER OWN ENGINE 
 

During the simulation session, represented by the 
notation S1, using Transas Navi Trainer 5000 simulator, 
we�ve tried to analyze the possibility of refloating a ship 
by using her own means of propulsion, namely her main 
engine.  

The ship, with her main characteristics and 
dimensions is presented below, a bulk-carrier, Figure 1, 
fully loaded and she runs aground on a soft muddy 
bottom, where the water depth is 15 metres.  

The detailed actions taken to refloat the grounded 
ship only by using her main engine are presented in the 
figures below.  

 

Figure 1 � The simulated bulk-carrier 
 

 

Table 1 � The main characteristics and dimensions o f the 
simulated ship 

 

Type of engine  Diesel 1 x 14720 kW 

Type of ship Bulk-carrier 

Bowthruster No 

Sternthruster No 

Type of propeller  Fixed pitch propeller 

Deadweight 202000 DWT 

Maximum speed 14.6 Knots 

Maximum Length 290 m 

Maximum Beam 46 m 

Bow draft 17.7m 

Stern draft 18.7 m  

 
Due to the nature of the sea bottom, namely mud, 

the ship doesn�t manage to refloat by using her own 
means of propulsion. The ship cannot manoeuvre astern 
because the pivot point or the gyration point (the point 
from where the bow and the stern can be seen gyrating 
with the same angular speed) changed its� position (at 
the stern of the number three hold as it can be seen in the 
picture) and thus it remains fixed in a position relatively 
close to 1/3 of the ship�s length measured from the bow. 
It can be easily seen that approximately 100 m of the 
ship�s length measured from the bow is �stuck� in t he 
mud, and the thickness of the bed is at least 1.5 �  2 
metres if taking into account only the difference of draft. 

Using the main engine at �full speed astern�, 
initially shows the fact that the ship�s refloating could be 
possible but the motion vector with its� direction astern 
(although it has a certain value that indicates the ship�s 
movement and its� possible refloating) indicates a lateral 
motion, a motion of gyration of the ship about the pivot 
point. 

During the simulations, we have selected a series of 
pre-set parameters, like: 

• bow/stern drafts 
• transversal/longitudinal speeds 
• vertical and longitudinal forces 
• rolling moment, pitching moment, 

lateral moment 
following their variation for different situations of 
refloating attempts.  

Further on I am going to present in details the 
actions taken to refloat the ship, attempts made only by 
using the ship�s main engine. It must be also taken into 
consideration that around the casualty there is no tide, 
wind and/or surface current.  

Simulation S1 presents the ship�s sailing with a 
constant speed of approximately 3.3 � 3.7 knots, on  a 
direction that leads to the grounding area close to the 
coast line, where the fathom line in the chart indicates 15 
metres.   

In S1 � 1 it can be seen the ship�s heading on a 
course of 044°, ship�s backwater and wave formed at  the 
ship�s bow due to small depths. Usually, during low 
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speeds, at the ship�s bow there are no waves when there 
is enough depth below the ship�s keel because the ship 
does not �push� hard enough the quantity of water a head. 
We made this remark because during the grounding, 
showed in S1 � 5, only the backwater of the ship is  going 
to be seen, the propulsion machinery hasn�t been stopped 
and the bow waves have disappeared completely.  

The ship stays on its heading of 044° 3 - 044° 7 until 
she runs aground when a slight change of heading occurs 
(045° 7), (a change that is accepted in normal conditions 
of the ship�s making way through water), as it can be 
seen in S1 � 1, S1 � 3.   

Once the ship runs aground, the ship�s speed drops 
suddenly, (S1 -4) from 3.7 knots to 0 knots, which 
indicates that the ship ran aground on a block mud bank 
which is 1.5 � 2 metres thick.  

If the ship�s speed dropped in steps, which indicates 
a progressive thickness of the mud bank, the chances for 
refloating the ship would have been higher, meaning that 
the grounded length would have been shorter and maybe, 
if using ballasting/de-ballasting bow and respectively 
stern tanks operations, the grounded length would have 
been wrenched from the mud.  

By changing the values of the selected parameters, 
the ship�s behaviour while aground can be observed. 

The parameters for bow and stern draft and the 
parameters for the transversal speed are presented in S1 
� 2. It can be seen that, due to the fact that the ship sails 
in a calm waters area, with no tides and currents, the 
value of the parameters used during the analyzed period 
before the grounding event, do not change. 
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Figure 2 S1-1 Ship�s heading towards shallow waters  
 

 
 
Figure 3 S1 � 2 The graphics of the parameters chos en 
for the selected case 
 

 
 
Figure 4 S1 � 3 The fathom line of 15 metres and th e 
image of the future positions of the ship if she stays on 
the same heading 
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Figure 5 S1 � 4 Ship�s grounding and sudden drop of  the 

ship�s speed 
 

 
 

Figure 6 S1 � 5 The Grounded Ship 
 

5. CONCLUSIONS 
 

Despite all efforts, the ship does not manage to 
refloat herself and in this situation the only available 
solution is to move the cargo from the forward tanks to 
another ship. 

The conditions of a stranding casualty are not 
completely defined in the beginning and they are not 
fully defined during the salvage operation. The stranding 
condition and the environment are the principal sources 
of forces on a stranded ship. The operations for 
refloating a stranded ship are time-critical and 
environmental conditions may improve or worsen with 
time, but the condition of a stranded ship steadily 
deteriorates. The first manoeuvre taken into 
consideration to be applied is represented by the attempt 
to refloat the ship by using the means present onboard 
(ship�s own means of propulsions and ballast/de-ballast 
operations). These are the fastest manoeuvres available 
onboard and in the same time they are the cheapest ones. 
The longer the ship remains in a stranded position, the 
higher are the possibilities for a ship to suffer severe 
damages and a pollution event to occur. In this paper we 
are trying to analyse the possibility of refloating a ship 
by using her own means of propulsion, namely her main 
engine, in combination with ballasting and de-ballasting 
the stern tanks and the ones on the portside and starboard 
side. For this purpose we have performed several 
simulations using TransasNavi Trainer 5000 Simulator. 
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ABSTRACT 
 

The paper analyzes bulk handling quay cranes with single-rope, two-rope and four-rope grabs and methods of grab 
calculation, including establishing the grab mass, geometry and kinematics and efforts in the grabs elements. A study 
case with Bocsa quay crane 18 t - 32 m is included, with two of the most defavourable case scenarios in exploitation. 
 
Keywords: quay crane, grab, port operator, cargo, maritime transport 
 
 
1. INTRODUCTION 
 

Freight transport needs to have increased efficiency 
and for this is necessary the stationary time for loading 
or unloading of ships to be minimized. In this regard, a 
key element is the port equipment with sufficient 
equipments for mechanization and automation of port 
operations. [1]  

Mechanized transshipment is rational only if the 
methods and apparatus used for transshipment of cargo 
are chosen accordingly to the work situation, type of 
cargo and depending on how the transshipment facilities 
are used rationally and are maintained properly in good 
condition. [2] 

Using quay cranes with high productivity is 
required for loading and unloading cargo as quickly as 
possible, need of primary importance in operating 
activities of ships and ports. 

Grabs are attachable equipment for cranes on tires 
or tracks, intended to load and unload bulk materials like 
grain, ore, sand, gravel, iron waste, wood waste, logs etc. 

Mechanics parts of quay cranes with grabs 
malfunction and are out of service due to their accidental 
failure, or their failure due to wear.  

Accidental failures are caused by poor design, 
manufacturing or exploitation problems, for example, 
gear teeth break due to incorrect coupling of the ballad 
wheel gearboxes, crankshafts break due to hidden 
defects beyond the control of the manufacturing stage or 
due to saturation, mobile subassemblies collide, working 
tools break as a result of irrational exploitation, chains 
and ropes break due to heavy lift, etc. 

Wear processes are causing the most damage to 
mechanical components. Practically all mechanical parts 
of quay cranes are subject to abrasive wear processes, 
fatigue, corrosion or adhesion, which sometimes act 
independently or as a rule, simultaneously. 

The most common are fatigue failures due to wear 
of the elements required in rolling friction (bearings, 
gears, rollers, etc.) and damage from abrasion wear 
(sliding and rolling bearings, working bodies, etc.) 

 
2. GRAB TYPES  
 

Depending on the action mode there are the 
following grabs types: 

• cable grabs 

•  hydraulic grabs 
• grabs with electromotor. 
There are many constructive solutions for grabs, 

depending on their destination, i.e., depending on the 
materials with which it operates. For small and medium-
grained materials (a <200 mm) are used bucket grabs, 
while for large materials (a > 200 mm) are used polyp 
grabs. [3] 

The four-rope grab have a reduced dead weight 
with shorter closing times compared to motor grabs. 
Four-rope grabs manage a far better payload per move, 
have higher operating speeds and improved overall 
handling performance.  

These cranes can out-perform a two-rope mobile 
harbor crane with a motor grab by up to 30%. One 
additional benefit of the four rope grab is its rigidity 
which makes it far less susceptible to knocks and 
damage when used in tough, nonstop operation and this 
result in reduced maintenance requirements and reduced 
downtimes. [4] 

The advantages of a single-rope grabs are that they 
can be operated on every kind of crane and they are quiet 
robust. So they fit for areas or circumstances where is 
only low maintenance possible. Disadvantages are that 
this grabs are very slow and can appear problems with 
the working high, because of the length of the closing 
rope. In harbours with tide it can happen that during the 
time when the water is on the lowest point the grabs can 
not reach the top of the hoppers. Or at least the necessary 
time per cycle rises up, because the jib has to be lifted 
much more to reach the hopper on the shore- site.  

The two-rope and four-rope grabs need a crane with 
2, respectively 4 winches.  

In the two rope grab case, one rope is the holding-
rope, the other one is for closing and opening the grab.  

A four- rope grab is working with the same 
mechanism, but he has 2 holding-ropes and two closing-
ropes. The positions of the 4 ropes in the top of the grab 
has to correspond nearly with the position of the 4 
winches in the jib-head. The closing force of all 
mechanical rope grab depends on their dead weight and 
how often the rope is folded inside the closing 
mechanism. The more often the rope is folded, the 
slower the grab is closing, but the more power it has. [5] 
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3. GRAB CALCULATION 
 

Grab calculation involves determination of its mass, 
the elements that define the geometry and kinematics of 
the system and work forces and efforts necessary for 
strength calculations. 

The only certain initial data are the usable volume 
(V30) and the nature of the material. For this reason any 
calculation method is using empirical data obtained 
statistically. In addition, the designer may have reference 
models. These circumstances make the results to be 
approximate and their validity should be tested 
experimentally. 

 
3.1 Establishing the grab mass. 
 

Mass of the grab should be correlated with material 
mass and properties as the process of filling is made by 
digging and traction effort in the closing cable can�t 
exceed the grab weight. Mass of material is determined 
by the formula: 

ρ
v

m k

V
M 30=

     (1) 
 
where V30 is the usable volume, � - material density, Kv - 
filling and aeration complex coefficient of the material. 

Physical characteristics of some representative 
materials are shown in table 1.  

 
Table 1. Physical characteristics of some bulk materials 
 

Material 
k0 

(maxim) 
� 

kg/m3 
q0 

daN/m 
kv 

(max) 
Hard dry 
sand 

0,375 
1600-
1800 

100 1.15 

Iron ore 0,400 
2200-
2750 

200 1.30 

Coal 0,425 850-950 62 1.22 
Wheat 0,450 700-800 36 1.15 

 
where q0 is specific resistance at digging. 

At cranes equipped with grab, load capacity is: 
 

Q = M0 + Mm                                (2) 
where M0 is the mass of the grab. This can be viewed as 
the fraction k0 of the whole load capacity, ie 

QkM ⋅= 00                                     (3) 
where k0 takes the values shown in table 1. Eliminating 
Q from equations (2) and (3), we obtain the relation 
between M0 and Mm: 
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or using (1): 
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Own mass distribution on the grab constituent parts 

should be the following: 
• top beam mass(including share of tyrants mass)  
m1 = 0.3 M0  

• buckets mass (including share of tyrants mass) 
m2 = 0.5 M0 
• lower beam mass 
m3 = 0.2 M0 

It is favorable that the lower beam mass is as small 
as possible, as its weight reduce the digging force that 
can be developed at the buckets teeth. 

 
3.2  Geometry and kinematics.  
 

The main geometry of grabs is usually expressed by 
L which is the maximum opening of the buckets. This 
can be determined by the formula: 

 
3

30)6.2....2.2( VL =                               (6) 

 
(smaller values correspond to lighter materials). 

It is recommended the following proportions: 
• Bucket width  
B = (0.45 .... 0.55) L 
• Tyrants length   
lB = (0.55 ... 0.7) L 
• Joint coordinates:   
l1 = 0.4L 
l2 = (0.15 ... 0.25) L 
e1 = (0.05 ... 0.06) L 
e2 = (0 .... 0.05) L 
• Maximum angular opening of the buckets:  
2� = 156 ... 160� 
Values and similar relations are proposed by other 

authors like Vainson, Dukelski and Ernst. 
 
3.3 Efforts in the grabs elements 
 

Efforts calculation in the grab elements is made for 
the position open, at the beginning of filling and for 
position closed after filling. It can be approached 
analytically by writing the equilibrium conditions of the 
main components: high beam, low beam, and bucket.  

 

 
 

Figure 1 Hoisting system of cable cranes, 
Source: Wim Vlasblom, Lecture Notes on Dredging 

Equipment and Technology [6] 
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When the grab is empty, open, at begin of filling, it 
is considered that it is supported by the closing cables, 
while the lifting cables are loose. In this case the effort S 
from each of the two closing cables is  

 
S = 0,5G0-V                                  (7) 

 
where G0 is the weight of the empty grab and V is the 
normal component (oriented vertically upwards) of 
resistance to digging. From the formula is showed that S 
is maximum when V is zero. It is therefore reasonable 
for the calculation to consider V = 0, therefore: 
 

S = 0.5 G0 = G1 + G2 + G3 = (m1 + m2 + m3) g    (8) 
 
where G1, G2, G3 are the weights of the elements 
concentrated in the grab joints. Noting with i the gear 
ratio and with � the yield of closing hoist, vertical forces 
acting are: 
F1 = G1 + (i�-1) S on the upper beam; 
F2 = G2 in joint bucket with bars; 
F3 = G3 + iS� on the lower beam. 

Force F1 is transmitted along the bar (FB), therefore 
it appears H1 horizontal component whose value is 
determined graphically. 

In point of articulation of the bar with bucket, 
forces G2 and FB determine the resultant R2, and in the 
joint of bucket with the lower beam forces iS�, G3 and 
H3 determine resultant R3. Therefore the bucket is under 
the action of R2 and R3 forces and Hi, resistance to 
digging, which should make the equilibrium. 

Result these forces are concurrent, namely in the 
top of the bucket, where it acts force Hi. Force Hi is 
assumed a priori horizontal, whereas under the 
hypothesis of calculation (8) the vertical weights forces 
are balanced by effort S. 

For the full grab the force polygon is similar and at 
the buckets weight is added the weight of the material. 

Analyzing the two cases it is showed that closing 
force Hi is maximum when grab is open. It declines as 
the bucket close, being proportional to the weight of the 
grab and the gear ratio of the hoist. From this point of 
view is favorable a higher transmission report. At the 
same time it requires more cable wound around the 
drum, thus a longer closing time and a lower 
productivity.  

The solution should be a compromise between the 
two conflicting requirements. [7] 
 
4. BOCSA QUAY CRANE 18 T- 32 M STUDY  
CASE 
 

The analyzed quay crane is a Bocsa crane in the 
propert of one of the largest cereals port operators from 
Constanta Port. 

 It usually loads and unloads: 
• sunflower (aprox. � = 0,45 t/ m3); 
• wheat (� = 0,75 45 t/ m3); 
• corn (� = 0,75-0,76 t/ m3) ; 
• barley (� = 0,63-0,68 t/ m3).  
We analyze the forces that appear in the most 

defavourable case, when the crane operates corn. The 
grab capacity is 13 m3 and the empty grab mass is 8 tons.  

The load mass is 13 m3 x 0,76 t/ m3=9,88 t cargo. 
The total mass of the loaded grab is 9,88 t + 8 t = 

17,88 tons. 
 

F=17,88 t x 9,8 m/s = 175,224 kN. 
 
Tension in the cable pressing on the 4 maneuver 

reels is: 
 

reelkN
nn
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The most defavourable case is when the load is 

raised on 2 maneuver cables. This is a  very frequent 
situation that happens to the port operator cranes. 

In the particular case when the reel is blocked by 
dirt scum, appears the frictional force 

Ff = � x T , where � corresponds to the friction 
between iron and iron (� = 0.16). Frictional force is an 
additional force in the grab cable and is added at the 
tension force.  

 
Ff= 0,16 x 45,16 = 7,22. 

 
Thus, traction force in the cable is  
 

T +Ff = 45,16 + 7,22 = 52,38 kN 
 

5. CONCLUSIONS 
 
Worldwide in ports, operating cargo depend highly 

on port handling equipments.  
Unexpected malfunction of handling equipment is 

disturbing and sometimes total stop of the cargo 
handling process in a terminal port. For these reasons, 
the organization of port equipment repairs should be 
done with great care and discernment. Maintenance, no 
matter how well done, can not remove all effects of 
normal wear over a longer period of operation. 

In the study case, the worst case scenarios of Bocsa 
18 t - 32 m quay crane exploitation are when corn is 
loaded on two maneuver cables instead of four cables (a 
very common situation), and the reel is blocked with 
deposition of material (dust). In such cases we calculated 
friction forces and tension. 
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A NAVIGATOR�S LIFE ABOARD SHIP. 
THE EXPERIENCE OF THE FIRST VOYAGES 

 
OPRISAN NAIE GILLES 

 
Naval Academy �Mircea cel Batran�, Constanta, Roman ia  

 
ABSTRACT 
 

In the present paper we show a few requests to strictly satisfy the professional discipline aboard ships, as well as 
the way to voluntarily involve every student to get the most of the training elements concerning his future professional 
activity. 

From the very beginning we have to present the author�s experience, gathered aboard �Somes� and �Neptu ne� 
ships and eventually we�ll read some lines from the personal diary of the student Diana Moldoveanu, who graduated the 
Naval Academy �Mircea cel Batran� from Constanta, c oncerning the level of the willingness and personal involvement 
for learning from the beginning a largest ever experience from all the ship�s districts. 

We are positively convinced that this paper will be useful for all naval and marine students and is to contribute to 
increase the willingness level so much needed aboard ship, as well as for the own professional specific training. 

 
Keywords: Training student, practical activities aboard, watch service, deck service, engines service, psychological 
adaptation, professional activities relationship, activity discipline, etc. 
 
1.     INTRODUCTION1 
 

The navigation across the seas and the oceans of the 
world attired and will continue to do it only the people 
having an emphasized sense of responsibility, people 
with a physical capacity and an important nervous force, 
as well as a pronounced spirit of sacrifice near the limit 
between sacrifice and adventure. 

But, for every single individual, the emotions and 
the feelings of the first voyages are to be definitely 
unforgotten. 

The present exposal will try to partially reflect the 
feelings of the teacher aboard school ship in the 
instruction practical trips and the students aboard the 
same ship, too. More than that, we�ll present a part of the 
diary of a graduated girl, embarked in her first voyages. 
We are sure the material will be received as very 
interesting for both the didactic personnel and the 
students in the Navy. 

 
2.     THE PLACE AND THE ROLE OF NAVAL 
PRACTICAL EXERCISES IN THE SPECIFIC 
PROCESS OF THE PROFESSIONAL  FORMING 
OF THE NAVAL AND MARINE STUDENTS 

 
The Naval practical activities, mostly the  embarked 

students one, is an important didactical activity included 
responsibly in the educational plans of the Navy as a 
continuous  and compulsory activity,  due to the 
formation of the specific professionalism of the students, 
for their promotion and, finally, serving them to get the 
maritime officer licence. 

As the possibility to act formatively by this 
discipline, the physical training, during the preparing 
hours of the students was severely restricted after 1990, a 

                                                 
1 Mention the contribution in achieving this work of mr. 
col. (rs.), psiholog Dan NICOLAU. 
 

smaller number of the physical training in the navy (!!!) 
as in any other discipline, the transfer of the instructive-
formative action, including them into the practical 
nautical exercises. 

Developed on Mamaia Lake, at the seashore, 
including the coastal area of the Black Sea, in the 
Constan�a and Midia-N�vodari harbors or aboard school 
ships on the seas and the oceans of the world, the naval 
exercises are in fact an important form to develop the 
didactical organizing acting to obtain specific psycho 
motional qualities, so needed in this socio-professional 
activity. 

The nautical practical activities of the naval and 
marine students presents some special features we show 
a little further: 

- it is a didactical activity, a little more ample, 
differentiated, but also submitted to all didactical and 
psycho-pedagogical laws, adapted to the naval 
education;  

- this didactical activity has, at the same time, a 
larger specificity degree, needing the elaboration or the 
adaptation of some specific work methodologies for the 
naval students, either on Mamaia Lake, to row or swim 
in the open sea, or aboard school ships, or some specific 
criteria also specific to appreciate and evaluate the 
students. And these ones are stimulating and 
challenging. 

- generally speaking, the nautical practical 
activities of the naval and marine students, as well as the 
embarked activities, represent a very serious didactical 
activity a little less known, developed in a relative 
isolation, in a permanent potentially dangerous status, far 
from the other people except the crew mates, in concrete 
conditions the students notice from the very beginning, a 
strictly abiding rules attitude, discipline in every respect. 
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OPRISAN Naie - The first voyage, aboard the 
fishing ship ,,Somes�, from Tulcea harbor, on 

Sulina Canal, across the Black Sea, up to 
Constan�a harbor. 

 
- in this activity of forming and training the 

students, the discipline is obviously emphasized aboard 
ships, no matter if they are civilian or military, 
professional navigators or students. All of them take part 
to every specific activity, facing the difficulties and the 
physical, psycho motional or psychical requests, no 
matter the weather conditions, the state of the ship, the 
naval traffic, etc. All these and many more others mean 
for all navigators, students and teachers as well, elements 
of the specific stress; 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The fishing ship ,,Somes�. In anchor in the Midia-

N�vodari harbor, was the first school ship of the 
civilian Navy, after 1989.2 

 
- embarked practical activity is one of the most 

expensive forms of the school activities, developing 
aboard a school ship that really navigates involving 
important expenses, meaning the general maintenance of 
the ship as to answer in an adequate manner to the 
security needs of a national ship: R.N.R. (�Romanian 

                                                 
2 The fishing ship ,,Somes�  was taken over, afterwards, 
by The Romanian Institute of Marine Researches 
(I.R.C.M.) Constan�a, and renamed �Mare Nigrum�.  

Naval Registry Book�)  and of international security 
imposed by I.M.O. (�International Maritime 
Organisation) and C.I.O.V.O.M. (�International 
Convention to Protect the Human Lives in the Open 
Sea). 

The expenses imposed by the fuel, oils, changing 
pieces, maintenance and cleaning materials, the daily 
food and water supplies, protection and salvation devices 
and equipments, as well as the payment (currency) for 
the personnel as the international laws and rule of the 
traffic establish; 

- the nautical practical activities of the students 
represent a difficult didactical activity, involving a 
serious degree of specific experience for the ones to 
organize and work to fulfill. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Developed on Mamaia Lake, combined with the 
swimming in the open sea (or closer to the shore), as 
well as the practical activities and exercises aboard, 
involve a superior involvement level, a conscious 
participation, sense of volunteering, correctness, 
professionalism, experience and exactingness from all 
the personnel involved.3 

The specialists agree that aboard school ships they 
realize the mist efficient specific professional training. 

 
 
 
 

 

                                                 
3 The new level we, the teachers in physical training, 
reached was noticed in 1990, when we participated 
aboard school ships to do the training and the other 
professional activities our specialty includes in the Navy. 
Embarked by the naval and marine students and the 
professional navigators, we methodically studied the life, 
the challenges and the requests the life aboard ships 
raises. We directly act to form physical capabilities and 
specific psycho motional skills necessary in this kind of 
activity. We also implemented in the life and daily 
activity aboard ships, first of all another way of thinking 
another manner to treat things, some other habits and 
volunteering for everyone. 
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The previous instructionof the naval and marine 
students on the rescue boat of ,,Somes� ship in the  

Midia-N�vodari harbor, Romania 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Aboard rescue boat of the fishing ship ,,Somes� in 

the area of Midia-N�vodari harbor and�,  

,,An important part of the Romanian naval 
education was from its very beginnings, the instruction 
aboard school ships of the youngmen who had chosen 
this career. 

As time goes by, the importance of the school ships 
and other ships fulfilling in different periods of  practical 
exercises, appears as fundamental for the training of 
thousands navigators. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

�swimming two miles away in the open sea.  

 
The students acting this way aboard these ships as 

watch services on the upper deck, together with the older 
navigators, passing different roles in the voyages on the 
Black Sea or other seas and oceans or even on the 
Danube river, could check them up and consolidate their 
technical and navigation knowledge they acquired in the 
laboratories and the classrooms. They also developed 
this way the character, the loyalty to the ship and the 
ship crew, the discipline to face the worst challenges the 
sea could raise against them. By their instructing and 
formating role for the navigators�, (...) �the scho ol ships 
meant an important chapter in the Romanian Education 
evolution�. 4 

 
3.    THE ANALYSIS OF THE SPECIALISTS� 
OPINIONS CONCERNING THE ROLE OF THE 
SPECIFIC PHYSICAL AND PSYCHO MOTIONAL 
TRAINING IN THE PROFESSIONAL FORMING 
OF THE NAVAL AND MARINE STUDENTS 

 
The heuristic dialogue and the investigation 

questionnaire-type concerning the need to orientate the 
physical training to the challenges and professional 
requests of the navigation activity. 

a. The heuristic dialogue (discussion). To find out 
the specialists� opinion concerning intimate, varied and 
specific aspects of this professional activity in our 
embarking conditions aboard ships, together with our 
students brought in a large quantity of specialty 
information and knowledge. We rapidly gathered anew 
personal; experience to whom we added scientific and 
theoretical elements offered by the specific literature. 

                                                 
4 BITULEANU Ion - historian, writer, dr. Universitary 
professor in the �Mircea cel Batran� Naval Academy,  
Constanta; Eventually, he became Pro-rector of ,,Spiru 
Haret� University, Constanta; 
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All that was to complete an experience of over 30 
years in the high level naval educational field, made us 
be certain in promoting these new experiences and treat 
our study with scientific arguments. 

 
 
 
 
 
 
 
 
 
 
 

Part of the professional navigators from aboard 
�Somes� volunteered in the Midia-N �vodari 
harbor to take part in the tests, studies and 

researches. 
 

The heuristic discussions near to the pedagogical 
experience constituted a permanent basis for our 
research. As general conclusions, we can mention the 
following: 

1. As a principle, almost all the specialists in the 
domain are conscious knowing  that our present level of 
specific psycho motional training of the navigators did 
not reach the real needs of the navigation activity; The 
number of the naval accidents, disasters, etc., the lost of 
lots of material goods could be far more reduced if this 
issue were treated more thoroughly at the level of the 
navigation personnel; 

2. Everybody without any exception knows 
everyone will pay attention to abide the regulation 
concerning the periodical training courses, but mainly 
theoretical of the crew members to fulfill the ,,roles of 
the ship� , and very rarely executing real actions. They 
resume most of the training on simulating actions, not on 
practical ones. And the formation of their skill deeply 
suffers; 

3. Another part of the specialists acting in the 
navigation count a little bit too much on individual and 
collective rescue means and devices of the ship means, 
in spite all these were never launched on water, the 
moment the situation imposed this. So, they lost their 
efficiency remaining some ,,dead devices�. 

�The moment the ship is sinking, the man imagines 
that the whole Universe is sinking, too. Not having the 
two wooden boards under him he loses his courage and 
the reason, too�. 

The moment he founds in that very second a 
rescuing boat, it doesn�t mean he�s saved at all, b ecause 
he still stays stunned watchind frozen to the disaster. His 
life stops right now. 

Covered by the night, caught by the water stream, 
whipped by the wind, horrified by the empty spaces 
between the wawes, by noise and silence he�ll put an end 
to his life in less than three days. I know, victims of the 
wreckages you did not die because of the sea, because of 
starving or thirst, but rolled by the wawes you died of 
horror under the seagulls cries! 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Exercising the rescuing from drowning in the area 
of Midia -  N�vodari harbor, Romania 
 

I got this way the certainty that many shipwrecked 
persons die long before the physiological or physical 
conditions become, by themselves, deadly�. 5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Exercising the rescuing from drowning in the area 
of Midia -  N�vodari harbor, Romania 
 

The lack of the practical training, of the 
psychological training, of the experience and effective 
capacity to struggle to survive, because of the practical 
execice missing, is obvious; 

4. We finally present another disarming opinion. 
Even if at a worldwide level , according to the statistics 
�at every 90 minutes a ship suffers  damages in the open 

                                                 
5 ALAIN BOMBARD - �Shipwrecked by own will� , 
Stress Publishing House, � Graphic Art� S.A., 1991.  
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sea�,  and �at any 36 hours a  ship suffers wreckage� , 
that �200,000 people die  every year swallowed by the 
sea waters�,  another �bunch� of specialists, (actually 
they are not too many) have an alarming opinion, saying 
there is no use to make such an effort to train the skills 
and the knowledge of the navigators, the manner we 
exposed above, because those mentioned disasters 
maybe  would never happen!!! 

They are mainly the ones torn away from the 
practical activities, thinking from their large offices, 
letting God to solve those problems men could solve! 

A little more sad is the fact that those persons 
reduce their activity just �checking off� the instr uction 
and training actions in their �captain�s logs�, mar king 
figures, terms and OK-s. All that having decision power, 
organizing responsibilities...6 

 
4.     THE NAVIGATOR�S LIFE FROM THE 
PROFESSOR EMBARKED ABOARD THE 
SCHOOL SHIP  PROSPECTIVE 
 

4.1. The first voyages and the  effective practical 
activities embarked for instruction and specific training 
aboard the school ship �Neptune� 
 

After the first voyage on �Some ��  there followed 
some other voyages as � Teacher for the practical 
instruction�  aboard the ship �Neptune�. 

Voyage 1: Constan�a - Bandârma (Turkey); Voyage 
2: Constan�a -Aspra Spitia (Greece); Voyage   3: 
Constan�a - Ilepsis (Greece);  
Voyage   4: Constan�a - Cavalas (Greece). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

I put back again in function the swimming pool 
abpard school ship ,,Neptune� 

 
Eventually, because of the interest we showed to 

fulfill at a highest level this kind of activity with the 
students, the Senate named me �Chief of  embarked 
practical activities�  aboard � Neptune� , having 76 
students aboard and 8 other professors from other 
specialties (navigation, electromechanics, 

                                                 
6 The sea storm (tempest) or the naval sinister cannot 
choose its victims after the rank or responsibility. As a 
concrete example, Romanian ship �F �lticeni� sunk 
during a storm in the Aegeean Sea, part of the crew 
managed to save themselves, but the skipper the 
mechanic and even the captain drowned! 

communications) one of the most efficient and long 
voyages of practical activities. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

OPRISAN Naie - Chief ov embarked practical 
activities aboard school ship �Neptune�, 59 days 

 
During allalong two months (59 days) we had the 

following ittinerary: Black Sea, Bosphorus Sarrow Sea, 
Marmara Sea, Aegean Sea, Adriatic Sea, Ionic Sea, 
Corinth Canal, Mediteraneean Sea, Gibraltar Narrow 
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Sea, Canarias Islands (Gran Canarias - Las Palmas) and 
back.7 

Together with our students and the professional 
navigators aboard, we learnt every moment, and 
completed our knowledge and experience so far, with 
everything we needed to know from the specific of the 
navigation activity. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The Corinth Canal, splitting The Greece from the 
half island of Pelopones 

 
A second important action was our direct 

participation in the exercise alarms given by the captain 
of the school ship to accomplish �The roles of the ship� : 
�fire on board�, �man overboard�, waterhole�, 
�abbandon ship�. 

 
4.2. A study we made aboard ship concerning the 
specific physical and psycho motional requests level of 
the professional activities of the professional navigators. 
 

Therefore, standing all these difficult periods, 
together with the agitated sea periods, some different 
restriction to the food and the water, the maintenance 
and the cleaning of the ship, �all for one�, no mat ter if 
student navigator or professor, we gathered a valuable 
specific practical experience, which helped a lot in 
realizing the research. 

 
4.2.a. The determination of the specific psycho motional 
requests in current conditions of life and activity aboard 
ship 
 

                                                 
7 I was told I was lucky to pass the Corinth Canal, 
because a lot of old navigators reach the retiring age 
without passing this Canal ! 

The life and activity aboard ships involves from the 
navigators to have some important specific qualities, as 
well as psychological, psycho physiological, psycho 
temperamental, dictated by the different specific of the 
activities. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The Corinth Canal 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

The school ship �Neptune� in anchor in Ilepsis  
harbor - Greece 

 
A main condition to make us able to use the general 

psycho pedagogy in our specific domain, and to try to 
treat the study through the image of the activities aboard, 
was the knowledge about the psycho physical 
particularities of the life and professional activities 
aboard the ship. And by doing all that we took into 
account the physical intellectual and psycho motional  
specific requests aboard ship. 

The experience we directly  gathered, the recent 
conclusions of the most recent pedagogical observations 
on the experiment made aboard ship, permitted us to take 
out the following specific aspects particularities from the 
navigation activity: 

1. The professional gearing as well as the navigators 
psycho motional requests is often influenced by the way 
the ships were designed, they were built and are 
exploited as: 

a. The universality and the specialization: The 
universality represents the specialists� tendency to design 
ships able to answer any multi-purpose activity having 
different specialized crews; The specialization is the way 
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to design a single purpose specialized ship, for a special 
kind of activity. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Between the specific  particulary aspects in our 
study, we based also on the specialty litterature we 

consulted very thoroughly 8 
 

As the specialists in the domain ( F. Sîntion, 1980) 
say, as the specialization impose some special 
constructions characteristics and the specialized devices 
to make performance in its domain, the universality 
make a various technical endowement in order to reach 
that mentioned multi purpose capability to respond a 
various pack of requests. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The simulation of the ship abandon (the most 
complex role) and swimming in the sea, in the 

harbor area Casablanca - Maroc 
 

The psycho physiological effects of this first group 
of particularities (the universality and the specialization) 
are represented more in two phases: 

a) the technical endowement of a modern ship 
impose the existence of a large number of specialities 

                                                 
8 I. I. Alecsandrov, 1972; G. F. Keller, 1974; P. S. Siris, 
1974; G. D. Gorbunov, 1979; I. L. Gancear, 1981; E. G. 
Milner, 1981; F. P. Iliin, 1983; V. L. Kneazicov �i colab. 
1987; T. Orlick, 1986, 1990; M. Epuran, 1990; P. 
Bundsen, 1994; I. E. Unesthall, 1996; F. Sîntion, 1984, 
1987, 1980, 1998; C. Voiculescu, 2003, 2004; V. Ene, 
2003, 2004, etc. 

aboard with everything they mean concernind the 
specific training  of the personnel, the selection of the 
personnel, the knowledge of the leaders aboard ship. All 
that means the introduction of a new methodology of 
selection and specislty training according to each 
specialty; 

b) the specific psycho motional and psycho 
physiological requests the navigators have to answer 
during the voyages  are very different, in a very large 
number and very intense most of the time. It imposes 
adequate instruction and training for the navigator 
personnel, in order to help them face all these 
challenges. 

2. The interaction and the interdependence between 
the members of the crew by realizing aboard  some 
complex functional relationship; we could mention here 
just the most important ones as: the relation specialist 
(man) as user of the technique the ship is endowed; the 
relation between the members of the same specialty; the 
relation between the different specialty members 
(between teams); the relation between the chief ( captain 
or department chief) and the members of the crew. 

3. The particularities linked by the psycho-
sociology of the ship crew. From this point of view, the 
crew can be considered a small group submitted to the 
cohesion rules, conformity, group motivation, simpathy 
or antipathy relations  indiferrence, all of them 
influencing more or less the life and the activity on 
board. 

Specifically, the crew is a closed group, having a 
small number of members. The life aboard is generally 
balanced as the weather is good. That means a wide, 
tight and good communication between all categories of 
the crew. The personal relations can develop in time: 

a) in a positive direction, reaching a better 
knowledge, an increasing mutual confidence, a spirit of 
helping each other, a cohesion of the group. Now there is 
a good opportunity for the performance and skills to 
raise their level; 

b) in a negative direction, one can reach an 
exhausted dialogue, with nothing to comment, no matter 
when on duty watch or the free time. There can occur 
this way non-compatibilities of psycho social origin, 
some intollerance towards the others, nervousness, 
conflicts, etc. They all do not have real external causes, 
but are bad enough to destroy the formerly mentioned 
balance and affecting of course the general efficiency. 

c) As we already mentioned, the most important 
factor influencing the psycho physical state of the 
navigators and thus the capacity and the efficiency of the 
activity is the ship instability (the balance, the 
oscillations) of an agitated sea. 

It is a very rare situation to navigate on a flat sea 
(�flat calm�).  The oscillation along the ship (�rolling 
motion�)  is always combined with the oscillations 
created by the progress of the ship (�rocking motion�),  
both being combined and having bad effects on all 
activities aboard. The effects are perceived by all 
personnel, only the intensity of perception being 
different. And this comes along the years with the 
experience. 

So the walking on the ships becomes more difficult, 
the objects start to move, all the activities either training 




















































































































































































































































































































































































































































































































































