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LEGAL PROVISIONS ON LAYTIME AND DEMURRAGE IN CHARTERPARTIES 
 

ADASCALITEI OANA  
 

Constanta Maritime University, Romania 
 
ABSTRACT 
 

The article presents the main forms of calculating laytime and legal conditions for their suspension, contractual 
provisions on demurrage or, in the absence of express provisions in the charterparty for demurrage, conditions for 
damages for detention to become payable. 
 
Keywords: laytime; demurrage; damages for detention; charterparties; 
 
 
1. INTRODUCTION 
 

The period of time within which the loading or 
discharging operation is required to be completed will be 
prescribed in the charterparty is known as laytime [1]. If 
the period is exceeded, he will have to pay compensation 
to the shipowner in the form of demurrage or damages 
for detention [1].  

Laytime and demurrage constitute a complicated 
field, both from a technical and a legal standpoint [2]. As 
a consequence of this complexity, laytime and 
demurrage give rise to many difficulties and frequent 
disputes [2].  

 
2. THE CALCULATION OF LAYTIME 
 

Most of charterparties contain an express term 
fixing laytime and this can be done directly specifying 
the number of days or less directly by an agreement that 
a specified weight or measurement of cargo will be 
loaded or discharged in a particular period of time [2]. In 
a general cargo charterparty it is usual to exclude days 
which are not worked at the port from the computation 
of laytime such as Saturdays and Sundays or Thursday 
afternoon Fridays in Muslim countries [3]. In this cases 
only working day şi weather working may count as 
laytime [3]. 

Working days means all days on which work is 
ordinarily done at the port excluding Sundays and 
holidays (Fridays in Muslim countries) [4].The term 
describes a day of work and it is immaterial that on a 
working day the charterer is prevented from loading 
unless the cause of delay is covered by an exception [4]. 
Evidence of custom is admissible to explain the meaning 
of working day [4]. The number of hours in a particular 
working day on which a ship is required to load will 
depend on the custom of the port and Saturday will 
normally count as a whole day although it may not be 
customary to work in the afternoon [1]. The number of 
hours in a particular working day may be settled by 
express or implied agreement [4]. 

Weather working day excludes from the calculation 
of laytime those working days on which loading would 
have been prevented by bad weather [1]. In 
jurisprudence it was held that weather must affect the 
loading process and not merely the safety of the vessel 
with the result that the mere threat of bad weather which 

resulted in a ship being ordered from berth by the 
harbour master did not prevent the period in question 
from counting as weather working days [1]. When bad 
weather occurs for a part of the weather working day a 
reasonable apportionment should be made of a day 
according to the incidence of the weather upon the 
length of the day that the parties either were working or 
might be expected to have been working at the time [4]. 
Therefor if two hours are lost due to rain, laytime is not 
suspended for two hours out of 24, rather for one quarter 
out of 24 hour conventional day if the normal working 
hours are eight [5]. It is irrelevant if no work is actually 
taking place on a working day although the weather was 
fine [5].  

Where the clause refers to a weather working day of 
24 consecutive hours the ratio method is not used and a 
deduction is made of the actual amount of time that has 
been lost or in a case of a vessel waiting for a berth 
would have been lost [5].  

In a tanker charterparty there are not like to be such 
exceptions to laytime due to the nature of work period at 
the oil terminal [3]. However there will be other express 
exceptions to the laytime such as the time it takes to shift 
the ship from her anchorage place to her berth (in a berth 
charterparty this will be considered as part of the voyage 
even though the charterparty has allowed the notice of 
readiness to be given earlier than arrival on berth) or 
deballasting as this is a ship operation to make the ship 
ready to load [3]. 

Cargo to be discharged at the average rate of not 
less than- tons per day.Such clause where the tonnage of 
the cargo divided by the average rate of discharge gives 
a fraction over a day does not allow the charterer the 
whole of the last day [4]. Probably the fraction is to be 
computed by the proportion of hours used to the hours in 
the working day [4]. The weight of cargo actually loaded 
or discharge and not the nominal cargo on which freight 
may be payable must be used for the calculation [4]. 

Cargo to be loaded at the average rate of tons per 
hatch per weather working day.The provision requires 
the stipulate rate to be multiplied by the number of 
hatches which the vessel possesses the product being 
divided into the tonnage of cargo carried [4]. 

Cargo to be loaded at the average rate of not less 
than 150 metric tons per available working hatch per 
day.A working hatch is a hatch into which there is still 
cargo to be loaded or from which there is still cargo to be 
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discharged [4].Permitted laytime is ascertained by 
dividing by 150 the greatest weight of cargo loaded into 
any one hold and the making any necessary adjustments 
if loading into any hatch was prevented by non-
availability [4]. 

Cargo to be discharged at the average daily rate of 
1000 mt basis 5 or more available working hatches pro 
rata if less number of hatches per weather working day. 
The wording provides an overall rate for the ship 
provided rather than a rate for hatch [4]. In consequence 
provide there are five hatches available when the ship 
commences discharging the daily rate will aply [4]. 

If a hatch becomes temporarily unavailable during 
loading or discharging the relevant period will not count 
as laytime but the laytime available will not increase 
simply because loading or discharge of a particular hold 
is complete [4]. 
To count as laytime. A provision that a certain period of 
time, e.g. overtime is to count as laytime will normally 
be construed as if were intended for the benefit of the 
shipowner [4]. Conversely a provision that time is not to 
count as laytime will normally be construed as if it were 
intended for the benefit of the charterer [4]. It will not, 
however avoid the running of demurrage since in default 
of the clearest words “time”, which is or is not to count, 
is laytime and not time on demurrage [4]. 

Sometimes a clause provides that in certain 
circumstances time is to count as used as used laytime 
[4]. If the laytime clause provides that certain days- such 
as Saturdays, Sundays and holidays are to count as 
laytime if used these days will be treated as laytime for 
the purpose of such a clause [4]. 

Once loading and discharging has been completed, 
laytime comes to an end even if the cargo operations 
have been concluded within the laytime allowed and 
there is unexpired laytime [3].Thus if loading is 
completed within the laytime allowed but the ship is 
delayed due to the charterers failure to give the Master 
instructions or because cargo documents are delayed, the 
charterer will be liable for damages for detention [3]. 
 
3. SUSPENSION OF LAYTIME 
 

Charterparties, in regard to the time for loading or 
discharge fall into two classes: for discharge in a fixed 
time and second, for discharge in a time not definitely 
fixed [4]. The approach to be applied where laytime is 
not fixed is summarized in jurisprudence as if  no time 
be fixed expressly or impliedly by the charterparty, the 
law implies an agreement by the charterers to discharge 
the cargo within a reasonable time, having regard to all 
the circumstances of the case as they actually existed, 
including the custom or practice of the port, the facilities 
available thereat, and any impediments arising therefrom 
which the charterers could not have overcome by 
reasonable diligence [2].  

The charterers will be excused for any obstruction 
such as a strike of the dock labourers, the lack of an 
available berth due to congestion in the port or arrest of 
the vessel-which effectively interrupts the loading, 
provided that is out of his control and that otherwise they 
had conducted the operation with reasonable dispatch 
[1]. However, circumstances to be taken into account do 

not include those which the charterer could be expected 
to have avoided [2]. 

If by the terms of the contract, laytime is fixed, the 
charterer has an absolute and unconditional engagement 
for the non-performance of which he is answerable, 
whatever be the nature of the impediments which 
prevent him from loading it, unless such impediments 
are covered by exceptions in the charter [4]. In the 
absence of the exceptions the charterers will be held 
liable for the delay caused by congestion in port, strikes 
of stevedores employed by the shipowner, the need to 
remove temporarily the ship from the port for her own 
safety during bad weather, civil commotions [1], 
insufficient supply of cargo, ice preventing loading [4]. 

In jurisprudence it was held that the charterer in 
order to gain protection of an exception must prove not 
only the existence of the excepted cause but also that he 
could not by reasonable exertion or precaution have 
prevented the operation of the cause [4]. It was held too 
that where an obstacle, which is within an exception, 
prevents loading or discharging in the method adopted 
by the charterer but does not affect other available 
methods, the charterer is allowed a reasonable time to 
make up his mind whether the obstacle will continue and 
to make arrangements for using the other methods 
available if continues [4]. 

The charterer will not be held liable if impediments 
arise from the loading or discharging being illegal by 
law of the place where they have to be performed or 
arise from the fault of the shipowner or those for whom 
he is responsible or from a frustrating event [4]. 
 
4. PROVISIONS RELATING TO DEMURRAGE 

 
Once the laytime has expired the charterer is in 

breach and would be liable for damages for detention 
[3]. However the majority of charterparties include a 
clause providing that he may retain the vessel for 
additional days in order to complete the loading or 
discharging operation on payment of a fixed daily 
amount, known as demurrage [1]. It is common practice 
in voyage charters to specify a demurrage rate, that is, an 
amount payable as agreed damages for each day or part 
of a day that a vessel is detained by the charterer [2]. The 
charter stipulates for a fixed number of days on 
demurrage or no time limit is expressed as e.g. “eight 
days for loading after which demurrage at £ 2,000 per 
diem” [1]. 

An agreement to demurrage is not, therefore, the 
payment of the contractual price for the exercise of a 
right to detain, it is no different in nature from any 
agreement providing for payment of liquidated damages 
[2]. The demurrage is recoverable by the shipowner 
irrespective of whether he suffered damage by the 
detention of the vessel [7]. Demurrage will cover losses 
of freight arising under subsequent charterparties 
affected by the delay or from consequent reduction in the 
number of voyages possible under a consecutive voyage 
charterparty [1]. An agreement to pay demurrage is 
normally treated as preventing the shipowner recovering 
from the charterer more than the agreed sum for the 
wrongful detention of his vessel. This is so however the 
delay is caused, whether by simply failing to load or 
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discharge within the laytime, even if the delay could be 
described as deliberate: Suisse Atlantique v NV 
Rotterdamsche Kolen Centrale [1976] or by failing to 
provide a cargo: Inverkip Steamship v Bunge [1917] or 
by providing a cargo of the wrong sort: Chandris v 
Isbrandtsen-Moller [1951] [2]. The position of the 
shipowner is anomalous since he is unable to rescind the 
contract and withdraw the ship during the demurrage 
period unless the failure of the charterer to load amounts 
to a repudiation of the contract on his part or the delay is 
so substantial as to frustrate the object of the contract [1; 
5]. 

Demurrage is primarily due from the charterer but 
recovery may also be made from a bill of lading holder, 
provided that the bill of lading incorporates the terms of 
the charter and the demurrage clause is worded so as to 
encompass the liability of a bill of lading holder [5]. 

A demurrage clause may be struck down by the 
courts as a penalty if the rate is fixed so high as to be 
extravagant and unconscionable in comparison with the 
greatest possible loss that court could flow from the 
breach [1; 7]. In such circumstances the courts would 
consider the shipowner adequately compensated by 
being allowed to recover his actual loss [1; 7]. In reverse 
cases where the rate is fixed at an unreasonably low 
level, the shipowner is unable to recover his actual loss 
but is limited to the specified demurrage clauses rate 
even though the delay has been deliberately caused by 
the charterer for his own benefit [1]. 

Liability for the payment of demurrage accrues 
immediately on the expiration of the laydays and runs 
continuously through Sundays, holidays and other 
periods normally excluded from laytime e.g. bad weather 
working days [1]. The maxim which defines the situation 
is “Once on demurrage, always on demurrage” and 
means that times count for demurrage unless the parties 
have unambiguously provided otherwise [2;3;6;7]. Thus 
in Asbatankvoy charterparty the allowance of six hours 
after giving notice of readiness does not apply if the ship 
is already on demurrage when notice of readiness is 
given [3]. Laytime exceptions are held not to be 
applicable to a demurrage period unless expressly 
worded to that effect [1;5]. A general specific clause is 
unlikely to be specific enough [3]. 

These types of clauses which excludes or limits the 
liability in demurrage or it may be one which suspends 
the continuing obligation to discharge and therefore, pro 
tanto, suspends the breach which would otherwise have 
given rise to the obligation to pay demurrage [2]. These 
clauses must be clearly expressed if they are to have that 
effect. Unclear or ambiguous clauses will be ineffective 
for that purpose [2]. In a case where the charterers 
claimed to be excused from any liability to pay 
demurrage by a clause in the charter which provided that 
‘. . . unavoidable hindrances which may prevent . . . 
discharging . . . always mutually excepted’ it was held 
that the clause was not clear enough to exempt the 
charterers from liability in respect of periods when the 
vessel was on demurrage and they were in breach of 
contract [2]. 

If the wording of the exception is ambiguous it will 
be construed against the charterer, as the party seeking to 

rely on it. The burden of proof is on the charterer to 
show that the terms of the exception apply [3]. 

An exception can be expressly worded so as to 
cover the demurrage period as , for example, where it 
was provided that demurrage was to be paid at 12 s 6 d 
per hour unless detention arise from a lock-out strikes 
etc.[1] Similarly where the clause provided that 
‘Charterers shall not be liable for any delay in . . . 
discharging . . . which delay . . . is caused in whole or in 
part by strikes . . . and any other causes beyond the 
control of the charterers’ [2]. In jurisprudence it was held 
as clear exceptions: fire, storm, causes beyond the 
control of the Merchant which will cover the breakdown 
of loading equipment as result of bad maintenance on the 
part of the operator, who was an independent contractor 
of the charterer; breakdown of machinery or equipment 
in or about the Plant of the charterer, supplier, shipper or 
consignee of the cargo [3]. 

Demurrage will not accrue during a period where 
delay was due to the fault of the shipowner or resulted 
from action taken by him for his own convenience [1;7]. 
This will be the case even if the shipowner fault is 
rendered non-actionable by an exception clause [5]. If 
they were not set out in the charter, the period during 
which a vessel may remain in demurrage will depend on 
the circumstances [7]. 

 
5. DAMAGES FOR DETENTION 
 

Where there is no provision in the charterparty for 
the payment of demurrage, a charterer will be liable for 
damages for detention for all the time he detains the 
vessel after the expiration of the laydays [1]. Another 
situation where damages for detention are payable is 
where a charterparty stipulates a fixed number of days 
for the payment of demurrage and these days have 
expired [1;2]. If the charterer is in breach of the 
charterparty in other respects and delay is caused the 
charterer will not be liable for demurrage but for 
damages for detention [3]. Thus, for example, if the 
charter delays the ship at the load port once loading has 
been completed either because it has not paid his agents 
and therefor the ship is prevented from leaving, or the 
charter fails to nominate the discharge port [3]. Even 
delays in loading or discharging may give rise to losses 
that fall outside the demurrage provisions [5].Thus, 
delay my cause less cargo to be loaded then required by 
the charter and this will give rise to a claim for dead 
freight [5]. 

It is important to determine whether a claim is one 
for demurrage or for damages for detention for a number 
of reasons [3]. First, the rate of damages is at an agreed 
rate for demurrage but not for damages for detention 
unless the charterparty expressly provides otherwise [3]. 
Therefore the owner would have to prove its loss and 
adduce evidence as to the market rate for the ship [3]. 

Where there are no provisions in the charterparty 
for the payment of demurrage damages are at large and 
will be asserted by the court in relation to the actual loss 
suffered by the shipowner [1].  

If the charterparty provides a fixed number of days 
for the payment of demurrage and those days have 
expired, the court will normally assess the damages at a 
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figure corresponding to the agreed demurrage rate, 
though it is open to either party to prove that such a rate 
does not represent the actual loss suffered by the 
shipowner [1]. Secondly, charterparty sometimes require 
presentation of all documents relating to a demurrage 
claim within quite a short time limit, failing witch the 
claim is time barred [3]. If the time bar applies to 
demurrage claims, but not claims for damages for 
detention, the latter claim will be subject to the general 
contractual time bar of six years from the breach of 
contract [3]. Thirdly, unless the charterparty expressly 
provides for a lien for demurrage and damages for 
detention there will be no lien for either of the claims not 
expressly referred to [3]. 

Once the specified demurrage period has expired, 
the shipowner is no longer obliged to remain in port to 
complete the loading operation and to be restricted to a 
claim for damages for detention [1]. If part of cargo has 
been loaded may sail and claim compensation in the 
form of dead freight, or if the charterer has failed to ship 
any cargo, he may rescind the charter and sue for 
damages at large [1]. On the other hand, if the delay 
occurs at the discharging port, he has little option except 
to complete the loading operation and claim damages for 
detention [1]. 
 
6. CONCLUSIONS 
 

There are a number of legal and technical 
implications relating on laydays, demurrage and 
damages for detention. First, they refer to conditions in 
which charterer will not be held liable: lack of 
exceptions in contract, if impediments arise from the 

loading or discharging being illegal by law of the place 
where they have to be performed or arise from the fault 
of the shipowner or those for whom he is responsible or 
from a frustrating event. Secondly, they refer to types of 
clauses which exclude or limit the liability in demurrage. 
These clauses must be clearly expressed if they are to 
give rise to the obligation to pay demurrage. Thirdly, it is 
important to determine whether a claim is one for 
demurrage or for damages for detention for the correct 
evaluation of damages awarded to shipowner. 
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1. INTRODUCTION 
 

The very moment the vessel becomes an arrived 
ship, charterer is entitled to full use of the laydays. A 
series of standard clauses are designed to transfer risk of 
delay from the charterer to shippowner. The outcome 
depends on the type of charterparties i.e.berth 
charterparties or port charterparties.  

 
2. CLAUSES REQUIRING CHARTERER TO 
NOMINATE A REACHABLE BERTH 
 

Voyage-charterparties may contain clauses which 
require the charterer to nominate a “berth reachable upon 
arrival” or a “berth always accessible” [1].  

In jurisprudence it was held that the berth was not 
reachable upon arrival and the charterer was in breach 
with his obligations in situations where the berth was 
congested, lack of tugs or pilots or prohibition of night 
navigation [2]. It was held too that unlike wibon or time 
lost clauses, there is no distinction between congestion 
and bad weather [3]. Also the berth was not reachable on 
arrival if there is no sufficient depth of the water in the 
berth or in the port [1]. 

On the other side the word arrival means arrival at 
the point, weather within or outside the commercial or 
fiscal limits of the port, where the indication or 
nomination of the particular loading place would became 
relevant if the vessel where to be able to proceed without 
being held up [1]. From that moment, the charterer will 
have to bear the risk of any delay in that he will be liable 
for damages for breach of contract in failing to nominate 
a reachable berth [4].  

Since the clause has no incidence on laytime, the 
time which normally is excluded from laytime( eg. 
Sundays and holidays) is not excluded from the 
computation of the damages [1].  

From the time the vessel is an arrived ship the 
charterers are entitled to full use of the permitted laytime 
and the owners cannot recover damages at full large for 
the breach during the running of such time and cannot 
recover both demurrage and damages for the same delay 

[1]. The charterers, instead, could trade off the time 
saved in loading against the initial time lost while they 
were prevented from nominating a reachable berth [4]. 

If the ship isn’t an arrived ship, shipowner can 
recover damages for the delay and their calculation must 
take into account delays which would have occurred in 
any event if the ship have berthed at once [1].  

Time saved on discharge cannot be credited against 
time lost waiting for a reachable berth to be nominated 
[4]. 
 
3. CLAUSE TIME LOST WAITING FOR A BERTH 
 

Usually used in Gencon contracts provides that time 
lost waiting for a berth to count as loading/unloading 
time [4].The use of the time lost clause or of standard 
clauses related to particular ports whose waiting place is 
outside the limits of the port may well seem to be 
particularly appropriate to cases where the charterparty 
reserves to the charterer an option to chose a 
loading/unloading place out of a range of ports at some 
of which the risk of congestion may be greater than at 
others or at some of which the risk of congestion may be 
greater than at others or at some of which the usual 
waiting place lies inside and at others outside the limits 
of the port [5].  

In English doctrine it was argued that in the absence 
of any express provisions the existence of the option 
means that the charterer by the way he requires the 
contract to be carried out may influence the incidence or 
extent of the risk to be borne by the shipowner [5].  

The clause shifts the risk before the vessel becomes 
an arrived ship, i.e. from the moment when it could have 
entered a berth had one been available [4]. When the 
clause operates, the charterer will still be able to rely on 
the laytime exceptions [3].  

Specifically the clause would not allow the 
shipowner to count as laytime periods when excepted 
causes such as holidays, bad weather and strikes would 
have prevented laytime from running had the vessel been 
in berth [1]. Likewise, in case of a port charterparty the 
clause does not allow the shipowner to count as laytime, 
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the period covered by exceptions had the vessel been an 
arrived ship [1].It is irrelevant that notice of readiness 
has not be given because it cannot be owing since no 
berth being available [1]. It must be noticed that when 
together with the lost waiting for a berth clause operates 
a force majeure clause relating to delay the later shall 
prevail [1; 3; 4].  

In the case of a berth charterparty the clause will 
cover the period while the vessel is waiting in port for a 
berth until a berth become available [4]. In a port 
charterparty it will operate while the vessel is waiting 
outside the port and even while the vessel is waiting 
inside the port in circumstances where it isn’t 
immediately and effectively at the disposal of the 
charterer [4]. 

In berth charterparties there is no conflict between 
time lost and a exception clause [3].  

The situation is different in a port charterparty case. 
If the vessel waiting for a berth is also an arrived ship 
laytime provisions take precedence and time lost clause 
is regarding as surplusage [4]. The only possible 
exception is where the usual waiting place is outside the 
ports limits [3]. 

 
4. TIME TO COUNT WEATHER IN BERTH OR 
NOT/ TIME TO COUNT WEATHER IN PORT OR 
NOT CLAUSES 
 

Shall mean that if no loading or discharging berth is 
available on her arrival the vessel, on reaching any usual 
waiting-place at or off the port, shall be entitled to tender 
notice of readiness from it and laytime shall commence 
in accordance with the charter party. Laytime or time on 
demurrage shall cease to count once the berth becomes 
available and shall resume when the vessel is ready to 
load or discharge at the berth [6]. 

In The Kyzikos [1989] case it was held that such a 
clause preempts laytime run where no berth is available 
but not in situations where a berth is reachable but can’t 
be reached due of fog [1;2]. A recent decision, Suek AG 
v Glencore International AG [2011] recognised as 
valid(in a cif contract) a notice of readiness in 
circumstances where a vessel was prevented from 
reaching a berth because of concurent conditions, 
unavailable berth and tidal conditions[7]. 

To take advantage of a wipon clause, the vessel 
must be within a usual waiting area for ships seeking to 
enter port [1]. 
 
5. CLAUSES DESIGNED FOR SPECIFIC PORTS 
 
 In the case of ports which are frequently congested 
or where the normal waiting place is outside the port 
limits, standard clauses standard clauses are designed 
which provides that laytime is to run from the moment 
from the time the vessel reaches a specific point but is 
unable to proceed further because of the shortage of 
berths or other obstruction [4]. Such clause will be 
effective even though the vessel does not become an 
arrived ship at that time [4].  

 
 
 

6.    NOTICE OF READINESS 
 

The charterers require notice of arrival of the ship 
so that it can arrange to load the ship promptly [2]. The 
moment notice of readiness is given provides a starting 
point for the calculation of laytime [4]. Usually the 
moment is precisely determined in charterparties [4]. 

Unless the charterparty provides to the contrary, for 
a notice of readiness to be valid, the requirements which 
entitles the notice to be given, such as arrived ship and 
ship ready to load, must exist at the moment the notice of 
readiness is given [4]. In this respect, in jurisprudence it 
was held that where the holds require fumigation after 
the notice was given after the notice was given, such 
notice is invalid even though the work necessary to make 
the vessel ready takes only a short time and is completed 
before a loading berth becomes available [3].However it 
was recognised that a valid notice of readiness could be 
given even though some preliminary routine matters 
such as removal of hatch covers, still needed to be 
attended to, provided that they were unlikely to cause 
delay [3]. 

Where an invalid notice of readiness is given it will 
not become valid when the facts change so as to justify a 
notice being given [1]. In other words an invalid notice 
could not be treated as inchoate becoming effective 
when the cargo become available for discharge [8; 9]. 

In the absence of a valid notice of readiness, 
laytime will not start and as a consequence not only that 
the owners have earned no demurrage but also they are 
obliged to pay charterers dispatch money [8]. Laytime 
will not count even the ship commences 
loading/discharging operations [1]. By contrast to the 
normal position a charterparty may indicate that laytime 
is to run after the service of a notice of readiness even if 
the ship was not in fact ready, provided that the notice 
was served in good faith [1].  

Usually charterparty provides that the laytime shall 
not commence before the commencement date except 
with the charterer sanction [2]. If the charterer requests 
the ship to tender notice of readiness and berth before the 
earliest lay day, then the charterer has sanctioned the 
earlier commencement of the laytime [2].  

If an owner gives notice of readiness which is 
premature because it is before the earliest permissible lay 
day then, by contrast with a notice which is invalid due 
to the ship being unready for loading/discharging or it is 
not an arrived ship, it takes effect in the earliest lay day 
[1]. 

Most charterparties requires the shipowner to obtain 
free pratique before giving the notice of readiness and 
laytime will not commence before that moment [3]. 
Other clauses may provide that notice of readiness may 
be tendered after arrival of the vessel in loading port, at 
any moment, provided that the vessel is cleared by the 
port authorities [10]. 

The commencement of laytime shall run from the 
moment the notice of readiness was served provided that 
the requirement for port clearance to be given before 
notice of readiness was waived by charterers [10]. Many 
standard forms of charterparty provide that laytime will 
not commence until six hours after notice of readiness 
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has been tendered or received or until the ship has 
berthed, whichever is earlier [2]. 

In this respect English law takes a strict view and a 
notice of anticipated readiness is ineffective even though 
the vessel was in fact ready to load at the time the notice 
was given [4]. For such a notice of readiness to be 
effective it is required an express or an implied 
agreement to dispense with the need for a notice, or a 
waiver or an estoppel binding on charterers in respect of 
the necessity for a further valid note [4].  

In jurisprudence it is considered that this means a 
supplementary factor-something else- necessary to be ad 
to the mere knowledge of readiness on the part of the 
charterers [4]. This point of view is different from the 
European jurisdictions where it is considered that an 
anticipatory notice of readiness is effective provided that 
the vessel is ready at the time the notice expires [4]. 

Several decisions have considered the issue in 
English law. In The Happy Day [2002] charterers argued 
that no valid notice was ever given and laytime never 
commenced under cl/30. The charterers claimed dispatch 
[8]. It was held that the doctrine of waiver may be 
invoked and applied and the commencement of loading 
by the charterer or receiver without rejection or 
reservation regarding the notice of readiness could be 
treated as the „something else” which was required to be 
added to mere knowledge of readiness on the part of 
charterers in order for a finding of waiver or estoppel to 
be justified [8].  

In other case The Front Commander [2006] the 
instance held that if a charterer uses a vessel, known to 
be ready at the time of use, which has been tendered to 
him by a valid notice of readiness, or by an invalid 
notice whose invalidity is known, he must expect time to 
run against him, allowing for any relevant notice time, 
and subject to any express contrary agreement [11]. In 
that case the charterers not only consented to an early 
tender of notice of readiness, berthing, and 
commencement of loading, but gave orders to that effect 
[11]. 

If the charterers accept the notice of readiness so as 
to give rise to a waiver or estoppel it has been said that 
acceptance cannot be withdrawn unless induced by fraud 
[1].A notice of readiness with inaccurate statements will 
be void unless it is accepted by the charterer or its agents 
or there is a waiver of the requirement for a notice of 
readiness [2]. 

 
7. READINESS 
 

A ship must be ready to load so as to prevent the 
cancelling clause from operating although she may not 
have complied with some requirement necessary before 
laytime starts [1]. Whether or not a ship is ready to load 
depends on a variety of factors such as position of the 
vessel, weather it is physically capable of receiving the 
cargo, and whether it has complied with all the port 
health and documentary requirements [4]. 

The ship must actually be ready subject to de 
minimis [2]. Notice of readiness to load can be given 
even though it is impossible to commence the loading 
operation because the vessel is not in berth [4]. The test 
of readiness to load is less stringent if applied in respect 

of port charters than in the case of berth charters [4]. 
Berthed vessels have normally to be prepared in all 
respects to receive cargo before notice of readiness can 
be given [4]. It has been held that an arrived ship could 
give notice of readiness even though the hatches had not 
been removed or the discharging gear rigged, provided 
that such work could be completed by the time the vessel 
berthed [4]. 

Provided that other requirements are met a vessel 
may be ready to load when it becomes an arrived ship 
under a port charter party or where the charter provides 
that laytime shall begin to run „whether the ship is in 
berth or not” [4]. 

The ship must be discharged and with ready in all 
her holds so as to give charterer complete control of 
every portion of the ship available for cargo, except so 
much is reasonably required for ballast to keep her 
upright [4].  

In jurisprudence it was held that so long as even the 
smallest portion of the previous cargo remains to be 
discharged or ready to unload if overstowed cargo has to 
be removed before access can be gained to the 
charterer’s cargo, the vessel is no ready to load [4]. The 
vessel must be fit to receive the agreed cargo i.e. the 
holds must be clear and free from contamination, the 
required loading gear must be fixed [4]. 

Where the charterer is given the choice between a 
range of cargoes, the vessel may legally be ready to load 
even though not fit to receive the particular cargo 
selected by the charterer [4].  

Where there is more than one port of loading with 
optional cargoes and the charterer seeks to cancel on the 
ground of insufficiency of the loading gear he must 
prove that at the cancelling date the ship was in such a 
condition that the shipowner would be necessarily 
unable to load some cargo which the charterer was 
entitled to call upon him to take on board at the first or 
some subsequent port [1]. 

Legal requirements such as satisfying the health 
requirements and obtaining the necessary documentation 
have been regarded as mere formalities and shipowners 
have been allowed to give notice of readiness even 
though they have not received free pratique [4]. Such 
notice will be presumably effective in such 
circumstances if the required documentation is obtained 
by the time or shortly after the ship berthed [4]. 

Notice of readiness will be void if the ship is not 
ready and no time will count at all until the she is ready 
even though it may not take long to make her ready [2]. 
Contractual clauses which provide that laytime will 
count even the ship is not ready, except the time making 
her ready, must imply a term that the notice of readiness 
must be given in good faith [2]. 
 
8. CONCLUSIONS 
 

The moment notice of readiness is given provides a 
starting point for the calculation of laytime. Charterers 
seek to use charterparty provisions shifting risk of delay. 

Risk transfer is accomplished in voyage  
charterparties through a variety of ways. According to 
Clauses requiring charterer to nominate a reachable berth 
owners cannot recover damages at full large for the 
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breach during the running of such time and cannot 
recover both demurrage and damages for the same delay. 

Another option is through the clause time lost 
waiting for a berth which means that the existence of the 
option has the significance that the charterer by the way 
he requires the contract to be carried out may influence 
the incidence or extent of the risk to be borne by the 
shipowner.  

Clauses Time to count weather in berth or not/ Time 
to count weather in port or not provides that laytime 
shall resume when the vessel is ready to load or 
discharge at the berth. 
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ABSTRACT 
 

This Article aims at present the role of the master as agent of necessity for the shipowner. Based on jurisprudential 
decisions it also presents the division of responsibility in case of discharging operations and reallocation of risk by 
agreement which transfers responsibility for loading, stowage and discharge operations from the shipowners to 
shippers, charterers or consignees.  

In practice, problems result for the charterer where he delivers the goods to another person than one entitled or 
when he confronts the situation of the absence of any consignee ready to receive the cargo. Last but not least, problems 
arise where goods with similar condition, destined for different consignees, are shipped together and lose their identity 
during the voyage due to the obliteration of leading marks or becoming irretrievably intermixed with other cargo. 
 
Keywords: agent of necessity; division of responsibility; delivery of goods. 
 
 
1. INTRODUCTION 
 

Liability is different in various stages of the voyage 
charterparty. It can be channelled to the master in the 
carrying voyage or delivery of goods stage. It also may 
be a division of responsibility between the shipowners 
and a multitude of actors involved in discharge 
operation.  

Only by express contractual provisions or 
exemptions the responsible person will be discharged. 

 
2. THE CARRYING VOYAGE 
 

On completion of the loading operation, the 
responsability for continued performance of the 
charterparty will be transferred to the shipowner [1]. 
Thus the captain is the agent of the owners in providing 
those necessaries for the voyage which by the terms of 
the charter are to be paid for by the owners [1] or as 
agent of necessity under two obligations: the necessity 
for an extraordinary action such as sale, borrowing 
money on bottomry, salvage agreements, transhipment, 
jettison and second, no posibility of communicating 
with, or obtaining instructions from his principals 
wheather shipowners or cargo-owners [2].  

The necessity remains if it proves imposible to 
obtain instruction because, although the cargo-owners 
have been comunicated with, they have failed to give 
instructions [2].  

In modern times, however, the master has lessened 
authority owing to the increased facility of comunication 
[2] and the quality as agent of necessity will be rare in 
practice. If an agency of necessity is established it may 
entitle the agent to reimbursement from the principal of 
the necessary expenses incurred and in some 
circumstances remuneration for necessary services [2]. 

In recent case Ene I Kos v. Petroleiro Brasileiro 
(the Kos) [2010] it was held that the owners were not 
entitled to remuneration after the vessel was withdrawn. 
The owners were not doing anything more than required 
of a gratuituous bailee by way of caring for the cargo 
during the 2,64 days that elapsed before before the vessel 

sailed away. Where there was no element of accident, 
emergency or necessity, remuneration which had not 
been expressly or impliedly agreed could not be due [3]. 
In substantion of the decision the Cargo ex Argos [1872] 
case was cited: not merely is a power given but a duty is 
cast on the master in many cases of accident and 
emergency to act for the safety of the cargo in such 
maner as may be best under the circumstances in which 
it may be placed; and as a correlative right he is entitled 
to charge its owner with the expenses properly incurred 
in so doing [3].  

Also, if an agency of necessity is established it may 
afford the agent a defence to a tort action, e.g. for 
conversion [2]. 

The master has the duty of taking reasonable care of 
goods entrusted to him by by doing what is necessary to 
preserve them on board the ship during the ordinary 
incidents of the voyage, e.g. ventilation, pumping or 
other proper means [2]. Reasonable measures include 
also that necessitating expenses to prevent or check the 
loss or deterioration of goods by reason of accidents for 
the necessary consequences of which the shipowner is by 
reason of the bill of lading under no original liability and 
the shipowner will be liable for any neglect of such of 
duty by the master [2].  

The Master will have a lien on the goods for any 
expenses incurred in the performance of such duty [2]. 

As the Master has to exercise a discretionary power, 
his owner will not be liable unless it is affirmatively 
proved that the master has been quilty of a breach of 
duty [2]. 

In jurisprudence it was held that if the master 
cannot comunicate with cargo-owner will be entitled to 
sell the goods which are damaged or perishable [2]. If 
however the master can but does not, comunicate with 
cargo owner before selling goods, the cargo-owner will 
be entitled to recover damages for conversion even 
though sale is reasonable [2]. 

Where the vessel in which goods are shipped is 
hindered by an excepted peril from completing the 
contract voyage, the shipowner must, if the obstacle can 
be overcome by reasonable expenditure or delay, do his 
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best to overcome it [2]. It is only where an excepted peril 
renders the completion of the voyage physically 
impossible, or so clearly unreasonable as to be imposible 
from the bussines point of view that the shipowner is 
justified in throwing up the voyage without the consent 
of the charterer or shipper [2].  

The test of weather completion of the voyage is 
imposible may depend on the possibility of effecting 
repaires or the cost of repaires [2]. 

Where the shipowner is prevented from completing 
the contract voyage by a peril which cannot be overcome 
in reasonable time or by damage which cannot be 
repaired at a reasonable expense he is not bound either to 
repair or tranship though he elects to do neither he must 
hand over his cargo to the cargo-owner freight free or, if 
the cargo-owner is not present to receive it and cannot be 
communicate with, the master must act for the best as 
the cargo-owner’s agent [2]. He has, however, the right 
to earn freight either by repairing his own ship and 
proceedeing to the port of destination or by transshipping 
the goods into another vessel to be forwarded thither and 
he may delay the transit a resonable time for either of 
these purposes [2]. 

In case of justifiable transhipment by the master as 
agent for the shipowner, the cargo-owner will be bound 
to pay the full freight originally contracted for, though 
the transhipment was effected by the shipowner at a 
smaller freight [2]. Semble, the master cannot, without 
express authority, bind the cargo-owner to more 
unfavorable terms in the contract of transhipment as by 
wider exceptions or to pay a larger freight than that 
originally contracted for, unless comunication with 
cargo-owner is imposible, and forwarding the cargo on 
such terms as would appear to a reasonable man to be 
the most beneficial course of the interest of cargo [2]. 

If the hidrance of the ship’s voyage is not caused by 
an excepted peril, the shipowner is not entitled as of 
right to tranship on his own account on terms more 
onerous to the shipper than the original contract( though 
he may be bound to do so on account of the cargo-
owner). Instead, he is liable for delay or failure to deliver 
[2]. 

The shipowner will normally indicate to the 
consignee the estimated time of arrival at the discharging 
port but there will be no cancelling clause for this 
voyage since the cargo owner for obvious reasons will 
have little interest in cancelling the charterparty at this 
stage [1]. 

 
3. PERFORMANCE OF CONTRACT-
UNLOADING 
 

Laytime will run from the moment the vessel 
arrives at the port and is ready to unload [1]. The right of 
naming the discharging berth is vested to the master 
where the cargo is deliverable to several consignees or 
indorsees of bill of lading [2].  

If the ship is under a charter this right belongs: to 
the charterers if the charterers hold the bill of lading; if 
the bills of lading are not held by the charterers, to the 
bills of lading holders, if all agree on the place of 
discharge, or to the majority of the bills of lading holders 
so long at any rate as the minority do not disent; if there 

is no agreement, to the charterers or possibly to the bill 
of lading holder with the preponderating interest [2]. 

Where the charterer is given the express right to 
nominate a berth, the vessel will not become an “arrived 
ship” until it reaches the specific berth nominated by him 
[1]. In exercising this option, the charterer is under no 
obligation to consult the convenience of the shipowner 
and may even nominate a congested berth so long as the 
resultant delay is not so prolonged as to frustrate the 
object of the charter [1]. 

Discharge is a joint operation, the shipowner being 
responsible for moving the cargo from the hold to the 
ship’s side and the consignee for taking it from alongside 
[1]. This division of responsibility may be modified by 
the custom of the port or by express provisions in the 
charterparty [1]. Thus it may be agreed that the 
shipowner will be responsible for the cost of discharging 
in which case he will have to bear such incidental 
expenses as the cost of any necessary rebagging of the 
cargo [1]. Alternatively, the charter may provide that 
discharge is to be free of expense to vessel with the 
result that the charter will be liable for stevedoring costs. 

In Jindal Steel v. Islamic Sipping (Jordan II) [2005] 
the central issue was whether (as shippers and 
consignees argue) art. III, r. 2 of the Rules defines the 
irreducible scope of the contract of service to be 
provided by the carrier by sea or (as the carrier argues) 
art. III, r. 2 merely stipulates the manner of performance 
of the functions which the carrier has undertaken by the 
contract of service [4].  

In cases where the parties to a contract of carriage 
agree that loading, stowage and discharge are to be 
performed by shippers, charterers, and consignees, the 
specific question is whether the carrier is nevertheless 
liable to cargo owners when the latter, or their 
stevedores, perform those functions improperly or 
carelessly [4]. In other words, the question is whether 
such an agreement, which transfers responsibility for 
these operations from the shipowners to shippers, 
charterers or consignees, is invalidated by art.III, r. 8 [4]. 
It was held that such a reallocation of risk by agreement 
is permissible and that in the postulated circumstances 
the carrier is not liable [4].  

 
3.1. Notice of readiness to discharge 
 

English Law does not require notice of readiness to 
unload to be given in the port of discharge in the absence 
of custom of port or special contract [1]. Is the 
responsibility of the consignee to keep a lookout for the 
arrival of the ship [1]. If however the charterers or 
consignees have been prevented by the shipowner’s 
wrongful act or omission from learning by reasonable 
diligence of the ship readiness to unload they will to that 
extent be discharged [2]. 

In practice, few problems result for the charterer, 
since modern standard forms invariably contain an 
express provision requiring the shipowner to give notice 
of readiness [1]. Even at common law, notice must be 
given in cases where the shipowner fails to reach the 
designated port but invokes the so near thereto as she can 
safely get clause [1]. 
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Where the ship already arrives on demurrage, days 
on demurrage begin to count on arrival, even if notice of 
readiness would have been required under the 
charterparty for the commencement of the laydays [2]. 

 
3.2.  Delivery of goods 
 
3.2.1. Delivery to the entitled person 
 

Normally the requirement is to deliver to the 
consignee named in the bill of lading or to any person to 
whom the consignee has validly indorsed the bill [1]. In 
the event of no bill of lading having been issued, the 
consignee will normally have been designated either in 
the charterparty or in a non-negociable receipt [1]. 

The shipowner or master is justified in delivering 
the goods to the first person who presents to him a bill of 
lading, making the goods deliverable to him on his 
giving security, though the bill is only one of a set, 
provided that he has no notice of any other claims to the 
goods or knowledge of any other circumstances raising a 
reasonable suspicion that the claimant is not entitled to 
the goods [2].  

If the shipowner is aware of adverse claims, he may 
run the risk of liability in conversion for the full value of 
the goods should he deliver anyone other than the person 
rightfully entitled [1]. In case of doubt he should 
interplead and refuse to deliver the goods until the rival 
claimants have resolved the issue in court at their own 
expense [1]. 

The shipowner is not entitled to deliver to the 
consignee named in the bill of lading, without the 
production of the bill of lading, and does so at his risk if 
the consignee is not in fact entitled to the goods [2]. If a 
shipowner who delivers the goods to another person than 
that entitled, is in fundamental breach of the contract and 
he is prevented from relaying for protection on the bill of 
lading exceptions [1].  

The shipowner is liable if he delivers to someone 
who is not in fact the holder of the bill of lading even if 
he does so without negligence [2]. Clauses exempting 
the shipowner from loss or damage after discharge do 
not apply to delivery to a person who is not the holder of 
the original bill of lading [2]. 

Another possibility is that the person who claims 
the goods as entitled to them is unable to produce the bill 
of lading and in such a case, the captain can deliver them 
to him on his giving security or an indemnity against 
possible adverse claims by others [2].Under a bill of 
lading contract he is under no obligation to do so, nor 
save in exceptional circumstances can he be ordered to 
effect such delivery under a time or voyage charter [2]. 

 
3.2.2. Delivery when consignee fails to accept delivery 
 

On arrival at the port of discharge the shipowner 
may confront the situation of the absence of any 
consignee ready to receive the cargo [1]. In such a 
situation he is required to allow the consignee a 
reasonable time in which to collect the cargo, after which 
he may land or warehouse it at the consignee’s expense 
[1].  

The shipowner still preserves a lien on goods and it 
is his duty to act reasonably in doing so rather than 
render the charterers, if they are not the defaulting 
consignees, liable for demurrage [2]. It is doubtful 
whether the shipowner can divest himself of his strict 
liability as carrier merely by warehousing the goods 
although to counterbalance any such potential liability he 
will retain the protection of the carriage exceptions [1]. 

Personal delivery may be excused if in certain ports 
delivery to a dock company or to harbour porters may is 
accepted [1]. Semble, if there are express contractual 
provisions to that effect [1].  

In jurisprudence was held as effective clauses in 
excluding the shipowner from liability when landing 
agents employed by them fraudulently delivered the 
cargo without presentation of a bill of lading [1]. 

If in unloading, the master owing to the delay or 
absence of the consignee, difficulties arise from the 
inaccurate description of the goods in the bill of lading 
the consignee must bear the resulting lost [2]. 

 
3.2.3. Delivery of mixed and unidentifiable goods 

 
Problems arise where goods with similar condition, 

destined for different consignees, are shipped together 
and lose their identity during the voyage due to the 
obliteration of leading marks or becoming irretrievably 
intermixed with other cargo [1].  

In jurisprudence have been established rules to 
follow for most of the situations encountered in practice, 
rules in which the liability of the shipowner depends on 
whether or not the event causing the loss of identity is 
covered by an exception or a peril of the sea for the 
event that lead to loss of identity [1].  

In such an event while the shipowner will avoid 
liability, the unidentifiable cargo will become the 
property of the bill of lading holders who will hold as 
tenants in common of the whole, in the proportion in 
which they severally contributed to it [1]. 

The principle applies where the parcels of cargo 
shipped have all arrived to the destination [2].The 
situation is different where part of the whole cargo have 
been lost at sea or a part of them have arrived 
unidentifiable [2].  

The solution is the principle upon which the same 
percentage can be applied both to cargo lost at sea and to 
the unidentifiable cargo and the share of each 
consignee’s loss is in the proportion which the difference 
between the number of marked goods delivered to each 
consignee bears to the total of such differences for all the 
consignments [2]. 

Where the occurrence is not covered by an 
exception, the shipowner will be in breach of his 
obligation to deliver the specified goods to the consignee 
and will not be able to reduce his liability by requiring 
the consignee to accept an appropriate proportion of the 
mixed goods [1].  

Another possible situation is where part of cargo 
shipped in bulk is lost or damaged during the voyage as 
the result of an excepted peril [1]. In such a case the 
shipowner is not required to apportion the loss or 
damage between the various consignees but can deliver 



Constanta Maritime University Annals                                                                     Year XIII, Vol.18 
 

 24 

the full quantity of sound goods to the first consignee to 
take delivery [1]. 
 
4. CONCLUSIONS 
 

There are a number of legal implications for the 
voyage charter party performance- the carrying voyage 
and unloading stage. First, the quality as agent of 
necessity will be rare in practice. If an agency of 
necessity is established it may entitle the agent to 
reimbursement from the principal of the necessary 
expenses incurred and in some circumstances 
remuneration for necessary services. Also, if an agency 
of necessity is established it may afford the agent a 
defence to a tort action.  Secondly, from a legal point of 
view the carrying voyage is question of responsibility. 
The division of responsibility in case of discharge 
operations may be modified by the custom of the port or 
by express provisions in the charterparty. In 
jurisprudence it was established that such a reallocation 
of risk by agreement is permissible and the shipowner 

will be exonerated. Thirdly, the shipowner is liable if he 
delivers to someone who is not in fact the holder of the 
bill of lading. Due to express contractual provisions, the 
shipowner may be excused to deliver to an entitled 
person. Finally, in case of mixed or unidentifiable goods, 
the liability of the shipowner depends on whether or not 
the event causing the loss of identity is covered by an 
exception that lead to loss of identity. 
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ABSTRACT 
 

The paper presents considerations about the mathematical modelling and the use in assessment of ship stability. 
Stability criterion is defined in the context of an expression. The connection between that stability criteria and the safety 
against capsizing is expressed as ordinal measures. The paper proposed a classification of stability criteria according 
with their possibility of dissimilarity. 
 
Keywords: safety, capsizing, stability, criteria. 
 
 
1. INTRODUCTION 
 

Part of our life and moreover of the researches is 
mathematics. One of the definitions for mathematics as 
“something where neither know what we are talking 
about not if what we are saying is write or wrong”, was 
given by the English philosopher and mathematician 
Bertrand Russel. If we analyse this definition we can 
affirm that this is hallucinatory because in general terms 
the mathematics can be considered as the most exactly 
and purest science.   

Of course this can be considered real only in respect 
to pure mathematical exercises, where the theorems, 
axioms and definitions can prove what are we doing and 
the results we are obtaining. The problem is completely 
different in the situations when we try to interpret our 
mathematical findings, like for example when we use 
mathematical models to express the real facts. 

There are areas of study, like engineer education, 
where sometimes the difference between the 
mathematics, on the one hand, and the interpretation of 
mathematical relationship correlated with the validity of 
application in real facts, on the other hand, is widely 
neglected. This is an extremely important problem 
because they are not aware of how to correlate the 
mathematical expressions with models of real situations. 
This aspect is very important if it is trying to make 
mathematical models of real situations which are not yet 
sufficient modelled. 

The development of a pure mathematical 
relationship is a logical determined straight forward 
operation but to make a mathematical model is not. The 
mathematical model can be considered a practical act of 
research in order to find a mathematical relationship that 
might be used as a model to express real situations and 
or facts. Of course, the heuristically created relationship 
can not be considered all the time as a valid model of 
reality due to the fact that this is only a hypothesis which 
still has to be proven. In respect to reality, each 
mathematical model has deficiencies in proving 
procedures.  

To make the mathematical model practicable, in 
majority of the situations, it is hard to avoid or to neglect 
some of the conditions and facts which are present in 
reality and the necessity of simplification is involved. 

The effect of such simplifications will be discovered 
only by applying repeatedly the hypothesis and interpret 
the results against what really happens.   

Analysing the hypothesis, there are two situations 
that have to be differentiated: Firstly the value and 
integrity of a mathematical model may be to explain 
qualitatively what really happens, like for example it can 
be taken from the Mathieu equation that under certain 
conditions extremely heavy rolling of a ship travelling in 
head or following seas may occur or follows from 
linearized equation of the roll motion that the roll 
amplitudes depend on the excitation frequency. We can 
agree such explanatory models and there is nothing 
wrong with them but, can be a improper use of 
mathematics if the authors protrude the models as exact 
solutions of a problem, especially in case of a real 
problem. 

Secondly, the main purpose of a mathematical 
model is to provide quantitative predictions. Almost in 
all cases, such predictions are subject to errors. Those 
errors are, in some of the situations, measuring errors 
which inevitably occur when the input and output of a 
model is determined in the corresponding reality in order 
to test the accuracy of the model. In other situations, 
more frequently, the errors came from the neglects in the 
model. In this way, the validation of the model is made 
formally, although a formal judgement of the errors 
could be made by another methods like for example 
statistical methods. Hence, is taken into account the 
practicality degree of accuracy. Thereby, the accuracy of 
the model is compared against its complexity and usually 
the engineers does not pay attention for the maximum 
achievable physical correctness but for results which are 
good enough for his purposes and can be obtained with 
an acceptable effort. 

In the view of the problem related to capsizing of 
ships there are various mathematical models issued but 
there is not yet a comprehensive and valid one. Many of 
the mathematical models that abounds the literature 
pretend that are offering a solution related to capsizing, 
although those models only explain some qualitatively 
aspects of the problem or, sometimes, derive from the 
mathematical complexity of the methods used that the 
results are valid. The latter aspect has been amply 
described and criticized in [1]:”Put all your faith in 
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mathematical theorems and terminologies and the 
problems of the ship stability will disappear.”  
 
2. AN ATTEMPT TO DEFINE THE SHIP  
STABILITY CRITERIA  
 
 In particular terms, the word “stability” used in 
naval architecture did not correspond with the same 
meaning in engineer mechanics.   
 In the field of naval architecture and ship design, 
ship “stability” is related to safety against capsizing. If 
this word is expressed in combination with other terms 
like initial stability, range of stability, stability 
calculation, it reveals aspects which are correlated with 
the safety against capsizing. 
 As opposed with the aspect presented above, related 
to the meaning of the word “stability”, the expression 
“stability criterion” is used in naval architecture in a 
more accurate and precise sense. Moreover, this sense is 
expresses in conformity with the definitions stated in the 
dictionaries (e.g.[2]): “Criterion” means “standard for 
making a judgement” and “standard” means  “model” or 
“measure”. 
 Having in view the above definition, we can say 
that the expression “stability criterion” may have the 
following meanings: 

• The model which is the base for judging safety 
against capsizing; 

• A measure of the safety against capsizing. 
 If we have a look over the actual stability criterion, 
issued by IMO, we can state that some of the actual 
criteria appear more as a requirement than as a measure 
(e.g. “the righting lever GZ shall not be smaller than…”)  
 In this case, it can be affirmed that the requirements 
are the values of the safety measures for which a vessel 
is considered unsafe. 

As we can see from the above definition, the 
“stability criterion” is in strong correlation with the 
capsizing of the ship. In this context the meaning of 
“capsizing” can involve the following aspects: 

• Which are the circumstances that we shall speak 
of capsizing in connection with stability criteria 
(e.g. a ship that is in unstable equilibrium it is 
not automatically considered as capsized, in 
spite of the fact that its condition is the same as 
when capsized); 

• In the context of stability criteria it can be 
pertinent that a ship can be considered capsized 
if the inclination (heeling angle) has values that 
exceeds the limit for the ship to be safe and to 
comply with her scope. A ship can not be 
considered capsized only if it is upside down.  

There are multiple situations that cause capsizing of 
a ship. A general classification can divide these causes in 
two main categories: 

• The causes which can be controlled by the 
Master (e.g. neglecting the free surfaces of 
liquid in tanks, improper lashing of cargo and 
shifting of cargo, errors in assessment of ship’s 
KG, uneven transversally distribution of cargo, 
human errors, etc); 

• The causes which cannot be controlled by 
Master (e.g. stability failure due to ship design 
and construction, shipping of large amount of 
water on deck, stability failure due to incorrect 
declared weight of cargo by shippers, heavily 
rough seas).  

For both categories of causes presented above, the 
safety against capsizing can be realized by taking proper 
actions to avoid those dangerous situations and may 
avoid the capsizing of ship. 
 Considering what just had been said one might 
wonder why it has been tried to define the meaning of 
the word “stability criterion” in place of directly defining 
a measure of safety against capsizing. It will be shown in 
the next section that there are some good reasons to 
differentiate between stability criteria on the one hand 
and a measure of safety against capsizing (in a strict 
sense) on the other hand. There is no difference with 
respect to the final aim; but with regard to the means, i.e. 
the philosophy of modelling, it is useful to make a 
difference. 
 
3.  SAFETY AGAINST CAPSIZING ON THE 
MODELING OF STABILITY CRITERIA 
 

The fact that total safety cannot be achieved was 
learned from the continuously researches and engineers 
work. Even after years and years of researches, has been 
widely accepted, as a rational measure of safety against 
the occurrence of such events, the probability that certain 
unwanted events will not occur during a prescribed time.  

The concept of probability has led to important 
progresses in many fields of research and proved to be 
very useful. Moreover, in the last decades it turned out 
that is almost always possible to apply in practice due to 
lacking of relevant information as well as sufficient 
knowledge of physical relationships. 

The probability that a ship will not capsize during 
its lifetime is the fields where this concept has proven to 
be true, and was very well explained and presented by 
engineers [3]. 

Additionally, in this explanation was mentioned the 
idea that would not be enough even if it would be 
possible to calculate the probability that a vessel will not 
capsize during its lifetime and the value of probability of 
non-capsizing would have to be determined, as a 
function of ship characteristics and at which the ship is 
considered safe enough.  

Hence, the concept of probability raised to aspects: 
• It would not make such sense that to choose a 

arbitrary value to be as safety limit after passing 
through all the laborious work of calculating the 
probability; 

• Instead of ascertain the probability of non-
capsizing, to determine a rationally safety limit 
would be a more necessary and demanding task. 

 In this way, would be more than necessary to be 
considered the relationships between safety and 
economics as well as the problem of minimizing the total 
loss. 
 In our days, researches on individual risk ahs shown 
that rationally determined acceptable risks are not 
necessarily accepted [7] while in the past engineers were 
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convinced to accept a rationally safety limits as 
normative requirements.  
 The probability of non-capsizing of a ship during its 
lifetime is the result of an average of many probabilities 
of occurrence of events and situations and even a very 
small probability of non-capsizing is not sufficient 
because the proper safety is considered in respect to 
particular situations. 
 In this sense, to achieve a proper safety means that 
the product of the probability for the occurrence of a 
certain situation (e.g. heavily rough seas, shifting of 
cargo) times the probability of capsizing in such 
situation must be very near to zero. The result of this 
product deducted from one is also a probability and in 
this context will be a measure of safety.  Even though 
this idea can be considered simpler than the probability 
of non-capsizing of a ship during its lifetime, our 
knowledge is not sufficient to apply it for real facts. In 
this sense a safety limit would be in strong connection 
with the rationally based safety limit and for every ship, 
taken as a particular case, the one or other may 
dominate. 
 In the end can be concluded that basically known 
how safety against capsizing in a strict sense should be 
measured; but things are too complicated to actually do 
it. 
 
4. STABILITY CRITERIA AS ORDINAL  
SAFETY MEASURES 
 
 In most of the situations, naval architects are able to 
design ships which have adequate safety against 
capsizing although this aspect (i.e. safety against 
capsizing) cannot be ascertained in a strict sense. One 
thing is sure, the naval architects are actually applying 
for that purpose and they have never reflected on the 
concept. This is the result for much confuses thinking 
about this problem. 
 The highest level of measurement is that the safety 
measurement in a strict sense to be an absolute or ratio 
scale. In the situations when measurements on this level 
are not possible they can be made on a lower level and in 
this way an ordinal measure of safety against capsizing 
can be the interpretation of stability criteria. 
 Many times in the situation of two ships of same 
type and size, although we have been taught that the ship 
with higher GM value is safe than the one with a lower 
GM value (within certain limits), the judgement of the 
safety was actually the history of safety records of the 
ships from which could be ascertained that the safer one 
is the one with higher GM. It is very well known, 
especially in practice, that is difficult to generalize the 
ship behaviour in a random seaway and in many times 
accompanied by heavily storms only from the GM value.   
 The situation just described corresponds exactly to 
the procedure when establishing an ordinal scale for an 
attribute of a set of items. In the first instance, based on 
the experience, we have to be able to state for pairs of 
ships S and V of a set of ships if 
 
Ship S is safer than ship V       (a) 
Ship V is safer than ship S       (b) 
Ship S and V are equally safe  (c) 

Then, it is necessary to find a “f” of the particulars of the 
ships S and V which corespond for the above three cases 
respectively: 

 
f(S) > f(V)  (a’) 
f(V) > f(S)  (b’) 
f(S) = f(V)  (c’) 

 
(S and V are used here to designate particular pairs of 
ships as well as their characteristics). 
 It can be deducted that any function “f” which 
complies with the above requirements constitutes an 
ordinal measure of the safety against capsizing. 
Moreover, the obvious parallelism between stability 
criteria and such a measure of the safety against 
capsizing is obvious. It also covers the fact that to a wide 
variety of stability criteria comply with the infinite 
number of possible ordinal scales.  
 We can conclude that once the ordinal scale was 
established this may represent a special category of 
mathematical modelling, a mathematical relationship 
(i.e. the function f) is connected with real facts (i.e. the 
experience that a ship S is safer than a ship V etc.). 
 
5. ASSESSMENT OF THE SAFETY AGAINST 
CAPSIZING 
 
 In the field of ship stability, assessment of the 
safety against capsizing means to find that measure of 
stability expressed as a value of a stability criterion 
beyond which a ship is considered safe. Such a value 
will be called limiting value. The values of stability 
criteria do not indicate the levels of safety, having in 
view that those criteria are only ordinal measures. 
However, those criteria allow the comparison of the 
safety of ships. The function f(S) can be considered as 
limiting value only if the ship S is known to be 
sufficiently safe. Another ship V will be at least as safe 
as ship S only if exists the relationship f(V) ≥ f(S). 
 It is very important to be mentioned that when 
stability criteria are derived as ordinal measures it was 
assumed that the ships are of same type and size. 
Moreover, for a valid comparison of the safety of ship S 
and of ship V, the environment in which a ship V 
operated has to be similar to that of a ship S. 
 Of course, the best way is to find a proper 
“calibration ship” but this has been proven that is not an 
easy task. Even the widely used limiting values for 
stability criteria, proposed by Rahola, may be interpreted 
as derived from an imaginary “average” ship and it is 
quite evident that those values cannot be valid for 
particular ships which not correspond or are significantly 
different from the average. That’s why, one of the 
deficiencies of Rahola method is the insufficient 
definition of the average ship and the result is that naval 
architects and Masters are in many situations not able to 
establish that in a particular case the limiting values may 
not be valid.  
  It seems that making use of model tests it is 
possible to adapt the limiting values of the average ship 
for other different ships This situation is illustrated by 
the findings derived from an investigation of the capsize 
of a coastal tanker in ballast condition [8].  
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 For simplify the matter, it was considered only the 
area under the righting arm curve up to a heeling angle 
of 30°, and the data from [8] was derived in form of the 
table as follows: 
 
Limiting values of Area up to 30° 
IMO Criterion                              0.055 m rad. 
From test for Ballast Condition   0.041 m rad. 
From test for Loaded Condition  0.026 m rad. 
 
Actual values of Area up to 30° Criterion 
Loaded condition                        0.055 m rad. 
Balast  condition                         0.096 m rad. 
 
 Based on the stability calculations and the above 
figures, the interpretation of the results may be as 
follows: 

• For the ship in loaded condition a lower 
limiting value of area under the curve up to 30° 
will satisfy the IMO limiting value only if it 
assumed that the environmental conditions used 
in experiments are similar to those on which the 
IMO limiting value is based; 

• In order to provide sufficient safety for the 
vessel in ballast condition, the limiting value in 
this sense is according to the test results and is 
higher than IMO value.   

 
 The interpretation of the results from the actual 
values is based on the facts that the seaway used for the 
tests (which corresponded to the seaway during the 
accident) was less severe than that underlying the IMO 
value. In this situation is valid even a greater limiting 
value for vessel in ballast condition than the value 
derived from the test. We can make a sarcastic comment 
and affirm that it was necessary the accident of the ship 
and then the capsizing tests to discover those values. 
Accidentally or not one of the purposes of the test 
programs presented at that time [4] was to adapt limiting 
values from ships considered safe for vessels which the 
safety cannot be estimated sufficiently.    
 
6. CLASIFICATION AND COMMENTS OF 
STABILITY CRITERIA  
 
 The stability criteria were divided by some 
researchers [11] in two categories 

• “Statistical approach” - which includes the 
criteria based on the fact that the values of 
freeboard and metacentric height  to be derived 
from the righting arm curve; 

• “Physical approach” – which includes criteria 
based on the comparison of the areas under the 
heeling angles and righting moment curves 
(known as weather criterion). 

 As both categories of stability criteria mentioned 
above are based, more or less, on physical relationships 
and moreover both relay on statistical information, this 
division does not make such sense. A very important 
aspect that has to be mentioned is that in both cases the 
stability criteria fail to cover the most essential physical 
phenomenon and this is the dynamic behaviour of a ship 
in random seas. 

 Grading the efficacy of stability criteria seems to be 
a more efficient classification. As was shown in [5], a 
possible way to do this is to introduce a measure of the 
discrimination ability of the particular criteria. Another 
possible way is to state how widely the limiting values of 
various criteria scatter for a set of different ships. An 
example for this may be derived from [4].  It should be 
mentioned here that criteria are not explanatory models 
and by contrary are predictive models and in this sense 
another classification would apply for explanatory 
models. 
 The stability criteria based on the values of righting 
arm curve in still water are the most used. Those criteria 
are based on a pure empirical relationship between 
characteristics of the righting arm curve and safety 
against capsizing and without any reserve takes care of 
the effect of the waves and all kinds of heeling moments. 
This can be considered the first step that in those 
stability criteria it is improper to be assumed that the 
limiting values are the same for all kinds of ships. 
However, astonishingly was the fact that it was found 
possible to obtain limiting values from casualty statistics 
of not too well defined sample of ships.  Beyond any 
doubt, the people who would never rely on such 
statistically derived limiting values will be the naval 
architects because they would assess the stability for 
each kind of ship by comparing its righting arm curve 
with that of similar ships, existing ones and - if 
casualties available – capsized ones. Sometimes the view 
is held that information from existing ships is of little use 
because they might become casualties in the future. This 
does not apply if severe weather experience of the 
existing ships is considered. 
 The main advantage of the stability criteria based 
on the interpretation of righting arm curve is the fact that 
they lend themselves to very simple improvements. As 
was shown in [5] a criterion derived by properly 
combining different characteristics of the righting lever 
curve provides a better discrimination between safe and 
unsafe ships of a sample than if the characteristics are 
used individually. The results in limiting values of 
criteria which are valid for a wide range of ships than the 
up to now criteria are the application of the hull factor 
form proposed in [4]. 
 The comparison of the heeling and righting arm 
curve is another well known type of stability criteria, 
where only the levers at various heeling angles as well as 
the area under the levers (calculated from zero or 
windward angle) are compared. In this case of stability 
criteria are used either the ratio between certain areas 
under righting arm curve or the difference between 
heeling and righting levers.  As in the case of stability 
criteria based on the values of righting arm curve in still 
water, here also the relation between safety against 
capsizing and criteria is pure empirical and in this way 
there is no differences between this type of criteria and 
the type of criteria based only on the righting lever 
curve. Practically, it is the same procedure if have to be 
determined the differences between righting and heeling 
levers or the limiting values of the righting levers 
according to experience with similar ships. 
 The only goal remained is the problem of 
quantifying correct the moments and the windward 
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heeling angle because the criteria using heeling levers in 
addition to righting levers have no automatic advantage 
against those based solely on the righting lever curve. Of 
course some engineers can consider as superior the 
criteria which use the values of heeling levers but this 
can be attributed to misunderstanding that more 
complexity automatically provides better models. 
Therefore, it would be of great interest among maritime 
community of engineers and researchers to carry out 
investigations for quantifying the discrimination ability 
for criteria including heeling moments in order to 
determine their superiority. 

The safety level guaranteed to the ships by the 
compliance with stability criteria, however, is in general 
unknown and it is still a big open problem. It is indeed 
typical to open the way to alternatives by stating that “a 
level of safety has to be guaranteed, as a minimum, by 
any alternative assessment”. Statements like this are 
often used to try to avoid excessive relaxation of safety 
standards, but in fact are less meaningful than they could 
appear. Of course, ship safety at sea was greatly 
improved by the development and implementation of 
present stability criteria, as contained in IS Code, and 
other measures (for example the assignment of 
freeboard), although being these measures 
recommendatory in nature or not so widely adopted. 

In order to achieve sufficient level of safety with 
respect to stability, all elements creating stability system 
have to be taken into account. Taking into account the 
fact, that less than 20% of all casualties are caused by 
faulty or bad design of the ship, the safety requirements 
that refer mainly to design features of the ship cannot 
ensure sufficient level of safety, in particular with regard 
to ships having design features. 
 In the end we can conclude that since 1962 the use 
of stability criteria based on the probability of capsizing 
was proposed [9]. The superiority of this method over 
conventional criteria it has not been proved till today and 
it is clear that its efficiency and extension of the validity 
for all kinds of ships would not be so good. Probably, 
this aspect is one of the reasons that the stability criterion 
based on probability did not become accepted.  
 
7. CONCLUSIONS 
 
 It is right to emphasize that mathematics by itself 
cannot solve a physical problem. The most important 
step is the modelling, i.e. a formulation which includes 
the most significant features of the problems to a 
sufficient approximation, and this must be tested by 
experiment in the history of ship hydrodynamics. The 
cases where theories are obviously physical relevant or 
where mathematics has preceded the experiments and 
vice versa are abundant in the literature. The examples 
are revealed in the calculation of virtual mass, 
development of ocean spectra and breaking waves or the 
wave motion in a rolling tank.  
 In the fields where mathematics is not yet 
developed the engineer’s insight and experience can 
offer an adequate solution. In this fundamental problem 
of stability criterion based on values of righting lever a 
mathematician might note that nobody appears to have 
counted the numbers of independent dimensionless 

parameters and that the criterion is not a dimensionless 
relation but that GZ is expressed as a length.  
 Can be conclude that is correct to affirm that safety 
as a concept should be measured with ordinal scales. By 
ordinal scales is qualitatively measured whether an 
object has more or less the same attribute in question, in 
addition to giving distinction between objects. However, 
an ordinal scale cannot indicate by how much an 
attribute is more or less than some other attribute, i.e. no 
quantification. In the other way, the same will not apply 
to intact ship stability since for this specific element of 
safety a higher order measurement scale exists, as 
recommended in IMO resolutions related to intact 
stability. 
 Today, capsizing accidents were occurred very 
often in quartering and following seas conditions. In a 
quartering sea, the most dangerous situation is subjected 
to the dynamic effect of a ship motion especially due to 
shipping water on deck and cargo shifting. It is well 
understood that these situations are occurred in a 
operation at relatively higher ship speed. From the above 
point of view, may be affirmed that ship stability criteria 
must be set up as a function of sea state, ship speed, 
heading angle of encounter wave in proper way. 
 The responsibility of the ship’s officers is for 
understanding the behaviour of the vessel and they 
should always be ready to adjust its stability for the 
circumstances that the ship is in at the time 

There is a necessity of rethinking of the stability 
problems, arising from the new ship design trends, new 
ship’s operation from economical point of view, as well 
as competitive officers on board vessels capable to face 
the new challenges, generating new requirements that 
will protect lives, environment and proprieties. 
 In particular situation the safety against capsizing is 
of course depending on the parameters mentioned. There 
are even more parameters to be considered (as e.g. wind, 
shifting of cargo). Because we are not yet able to 
determine the safety against capsizing theoretically we 
are using criteria which are based on experience and 
which implicitly take care of all effects which as yet 
cannot be dealt with in a physical correct and 
comprehensive manner, of course it would be possible to 
develop criteria which explicitly depend on the seaway, 
ship speed etc. 
 The maritime industry efforts still have not solved 
the problem of stability problems, especially for 
particular ships, particular types of cargoes, particular 
loading conditions as well as severe weather conditions. 
 Development of prevention measures, in a form of 
stability criteria, to avoid accidents or loss of ships 
remained an open issue and should therefore continue to 
a final and reliable solution.   
 However, till reliable solutions will be available, the 
main responsibility remains in the hands of the master 
and navigation officers who must recognize very quickly 
the symptoms of stability loss and to take action in due 
time, by using the only available means for the moment,  
in order to minimize the risk of damage to ship and 
cargo. 
 Of course, all possible solutions of prevention show 
good promise but involve high expenses from the owner 
side and the possibility of introducing still remains as a 
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prospect and based on the individual owner’s preference. 
Moreover, all those solutions will have an impact on the 
vessel’s terms of speed and cargo carrying capacity 
which are not negligible factors. 
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ABSTRACT 
 

The article presented is intended to highlight the activity and efforts developed by the Romanian Naval Authority 
(RNA) in order to fulfil the obligations assumed by Romania and required by the IMO Conventions and EU Directives. 
The organizational structure reveals that RNA is complying with the new requirements and recommendations regarding 
the pollution prevention and pollution response. It is stressed the good cooperation with the International Maritime 
Organization (IMO) and the European Maritime Safety Agency (EMSA) and the important achievements concerning 
the application and the enforcement of the MARPOL requirements in the area of jurisdiction has been brought. The new 
equipment and advantages of the CleanSeaNet System is described. A real case of marine pollution shows how MCC is 
functioning by applying the satellite image information in order to suppress any form of violation in respect with 
national and international legislation for marine pollution prevention 
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1. INTRODUCTION 

 
Cleaner seas represent an objective which involves 

the maritime states all over the world. The European 
Union member states are strongly committed to act in a 
harmonised manner to protect and intervene in case of 
maritime pollution as per the requirements of specific 
IMO conventions and European directives and 
regulations. 

To understand how important the struggle against 
marine pollution is and also the role played by the 
National Administration, is important to shortly present 
the Romanian Naval Authority (RNA), specialized 
technical body, acting as a state authority in the field of 
the safety of navigation, that represents and fulfils the 
obligations assumed by Romania with regard to 
international agreements and conventions such as those 
connected with environmental protection against marine 
pollution from ships. 

Maintaining a competitive level and a sustainable 
development are the major objectives even in the context 
of the world crisis’ negative effects. RNA provides high 
quality level services in accordance with the provisions 
of the legal and regulatory requirements which are 
included in the quality system policy and the procedure 
of the Management System having an essential 
contribution in the company competitiveness. The 
Romanian Naval Authority’s motto “Safety through 
Quality” represents the importance given to the highest 
standards within the company. 

The main tasks of the Romanian Naval Authority 
regarding the fight against pollution have been defined 
including the following: 

• Inspection, control and surveillance of 
navigation in Romanian maritime waters and inland 
waterways; 

• Fulfilment of the obligations assumed from the 
international agreements and conventions to which 
Romania is part of; 

• Representing the Romanian Government 
within the international organizations in the field of 
naval transports; 

• Implementation of international rules, 
regulations and conventions into Romanian legislation; 

• Development, endorsement and submission of 
drafts laws and mandatory norms to the Ministry of 
Transports for approval; 

• Port State Control and Flag State Control;   
• Coordination of search and rescue activities in 

the Romanian navigable waters and of the actions to be 
taken in case of navigation accidents and casualties; 

• Protection of navigable waters against 
pollution by vessels;  

• Sanctioning of the contraventions and 
investigation of the navigation accidents and casualties; 

• Technical surveillance and certification of 
maritime and inland water ships, offshore drilling units 
flying the Romanian flag and of naval equipments, as per 
RNA regulations; 

• Supervising the compliance of the Romanian 
naval transports with the provisions of the ISM Code and 
ISPS Code. 

To meet and apply the requirements set in the 
international conventions such as SOLAS/1974, 
SAR/1979, MARPOL 1973/1978 and OPRC/1990, 
Romanian Naval Authority has been legally appointed as 
the responsible authority to perform the management and 
mission co-ordination for SAR and Oil Response 
activities and also to monitor the vessels’ traffic within 
the area under Romania responsibility, through Maritime 
Coordination Centre. 
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The one roof concept, as per IMO recommendation, 
which includes VTS and SAR-OPRC under a single 
umbrella, is one of the strongest points of the related 
centre which permits to act in a unitary manner for 
monitoring, controlling, coordinating and intervention in 
case of maritime incidents, casualties and pollution. 

The Maritime Coordination Centre (MCC), through 
SAR - Pollution Department and VTS Department, 
performs activities regarding search and rescue, 
prevention and response to marine pollution, as well as 
the surveillance and management of the vessels’ traffic, 
24 h/day. The Maritime Coordination Centre has full 
responsibility in cooperating between RNA and other 
international organizations involved in the field of search 
and rescue of human lives at sea and marine pollution. 
By attending national and international programs in this 
field, such as seminars, trainings, conferences and 
organizing national and international exercises in order 
to reach the specific standards at highest level has 
increased the role and importance of the Romanian 
Marine Coordination Centre within the region. 

 
2. ROMANIAN NATIONAL PREPARATION, 
RESPONSE AND COOPERATION IN CASE OF 
MARINE POLLUTION 

 
MCC is involved with the International Maritime 

Organization in working groups, within the Marine 
Environment Protection Committee (MEPC) and Sub-
Committee on Radio communications and Search and 
Rescue (COMSAR), providing technical assistance, 
issuing international legal regulation regarding SAR and 
oil response activities. MCC has been also designated as 
national operational contact point (NOCP), according to 
the National Contingency Plan for Oil and HNS 
pollutions. 

For the application of the stipulations of art.6 of the 
International Convention (1990) regarding the 
preparation, response and cooperation in case of 
hydrocarbons pollution, there is established a 
harmonized system for action in case of pollution with 
hydrocarbons named the National System which 
includes the measures for preparation and response in 
case of pollution with hydrocarbons.  

The National Plan for preparation, response and 
cooperation in case of marine pollution with 
hydrocarbons is part of National System. 

The authorities involved with this Plan are: 
•  Ministry of Water and Environmental Protection 

(Designated Department) - for coordination of 
activities connected with the function of National 
System, elaboration and updating of National 
Plan, Contact National Point with international 
authorities;  

•  Civil Protection Commandment - for terrestrial 
intervention; 

•  Romanian Naval Authority of the Romanian 
Ministry of Transport - for maritime operations; 

•  Ministry of Defence - Navy Forces - for military 
navies. 

The Plan consists in application of the provisions of 
International Convention for preparation, response and 

cooperation in case of pollution with Hydrocarbons, 
adopted at London in 30 November 1990 (OPRC 1990). 
The application of this Plan covers the Romanian Black 
Sea coast, territorial sea and Romanian exclusive 
economic area, with the aim to mitigate promptly and 
efficiently the incidents with hydrocarbon pollution, for 
protecting the sea environment, coastal area and human 
life and health. The Plan includes also the requests for 
organizing at national level preparations, cooperation 
and intervention in case of pollution, the methods of 
action after receiving the report regarding the 
hydrocarbon pollution, promoting the international 
cooperation and research for mitigation of marine 
pollution with hydrocarbons. 

At national level the coordination for the application 
of the Plan is performed by the Ministry of Waters and 
Environmental Protection, in cooperation with the 
Ministry of Transports, the Ministry of Internal Affairs, 
the Ministry of Public Administration and the Ministry 
of Defence, which have responsibilities in coordination 
of actions for preparation, cooperation and response, 
through their designated departments and subordinated 
units, as set in the Plan. 

For interpretation of the Plan, regarding the juridical 
status of interior maritime waters, territorial sea, 
contiguous area and Romanian exclusive economical 
area, the terms are defined as per art.2 of OPRC 1990 
and as per those specified in Law 17/1990 as amended.  

  Commanders of maritime navies under Romanian 
flag, commanders of marine drillings units, of ports and 
installations for hydrocarbons, have the obligation to 
immediately report at RNA all incidents of hydrocarbons 
pollution by them or by others or the presence of 
hydrocarbons in water. 

Pilots of civil or military airplanes must report to 
the Centre for air traffic all incidents of hydrocarbons 
pollution observed in water. 

The Centre for control of air traffic will transmit 
immediately the information to RNA or if the case, to 
National Agency “Romanian Waters”, DADL. 

The Operative Commandment for Marine De-
pollution (CODM) – is the coordinator of activities in 
case of marine pollution with hydrocarbons and is 
conducted by a General Coordinator (Prefect of 
Constanta County) and by a Deputy General Coordinator 
(President of Constanta County Council). 

CODM is the National Centre for Intervention in 
case of Emergency, the operational base of all actions for 
mitigation of marine pollution, in case of entrance in 
action of Plan or in case of regional cooperation.  

CODM organizes and leads annually for all units 
included in the National System a general exercise for 
intervention in case of major marine pollution with 
hydrocarbons. List of intervention forces, the equipments 
for response and communication of the units which are 
parts of National System is permanent updated and kept 
by the Permanent Secretariat of CODM. 

Rules of the Plan are stipulated by the 
Governmental Decision nr.1232/2000 for approving the 
Methodological norms for implementation of provisions 
of International Convention regarding the civil 
responsibility for damages produced by hydrocarbons 
pollution, 1992 (CLC, 1992). 
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In case of pollutions other than those stipulated in 
1992 Protocol, according by Governmental Ordinance 
nr.15/2000, compensation of spending for de-pollution 
and restoration is made under the principle polluter pays.  

As an important tool within MCC, Constanta VTS 
is a modern and integrated system for maritime traffic 
management and it has the responsibility of monitoring, 
conducting, surveillance and coordinating vessel traffic, 
in order to improve the safety and efficiency of 
navigation and to protect the environment in the VTS 
area fully connected with AIS and LRIT systems.  

As an obligation for an EU costal state, Romania, 
performs the application of the CleanSeaNet service, 
which is a satellite based monitoring system for marine 
oil spill detection, tracing and surveillance by checking 
on scene the satellite images.  

MCC is also connected to SafeSeaNet (SSN) 
System for port and alert notifications. This system 
consists essentially of setting up an electronic network 
between the maritime administrations of the member 
states in order to facilitate the implementation of 
maritime safety aspects. 

The connection with the Global Integrated Shipping 
Information System (GISIS) database of the 
International Maritime Organization, allows introducing 
all information regarding port reception facilities, SAR 
and marine pollution incidents. 

To protect the marine environment by coordinated 
prevention response and limitation of consequences of 
pollution from ships as well as by monitoring and 
managing the vessel traffic, RNA is committed to  

 
 

 
Figure 1  

 
Figure 1 Area of responsibility for national 

intervention in case of pollution and SAR operations 
minimize loss of life, injury, property damage and risk to 
the environment by maintaining the highest professional 
standards. 

These objectives are permitting to provide an 
effective SAR services for all risks, to protect the marine 
environment and to improve the safety and efficiency of 
navigation within maritime responsibility area. 

The legislative frame has been implemented 
containing all the relevant provisions with regard to EU 
Directives and IMO Conventions. Romania has ratified 
important conventions, protocols and agreements 
concerning the protection of the marine environment 
such as MARPOL 73/78 with all annexes; OPRC1990; 
CLC 1992; Bunkers 2001, as well the regional 
agreements: Bucharest Convention, 1992, Odessa 
Ministerial Statement, 1993, Regional Contingency Plan.  
The following EU Directives were transposed, 
implemented and enforced: 

• Directive 2000/59/EC on port reception facilities 
for ship-generated waste and cargo residues; 

• Decision 2850/2000/EC setting up a Community 
framework for cooperation in the field of 
accidental or deliberate marine pollution; 

• Directive 2005/33/EC amending Directive 
1999/32/EC as regards the sulphur content of 
marine fuels; 

• Directive 2002/59/EC of the European Parliament 
and of the Council of 27 June 2002. 

At EU level, Constanta MCC is part of the 
Consultative Technical Group for Marine Pollution 
Preparedness and Response.  

All staff of the Maritime Coordination Centre is 
duly qualified and trained by authorized body of the 
International Maritime Organization to act as 
coordinators for SAR missions and Oil response 
incidents. The MCC’s entire personal are trained to 
operate all the modern equipments, being able to 
perform missions in a close cooperation with the other 
appropriate organizations from the Black Sea region. In 
order to improve the efficiency of personnel and for 
maintaining a high level of response, trainings and the 
exercises are carried out at regular intervals of time. 
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With regard to oil preparedness, prevention, response 
and cooperation, MCC:  

• Coordinates the prevention and response of 
pollution activities within RNA system including 
Harbour Master Offices (elaborating operational 
procedures for these activities); 

• Participates to the investigation of oil incidents 
and evaluation of oil spill effects, in accordance  
with national legislation; 
• Is connected to the CleanSeaNet service delivered 

by European Commission through EMSA, 
receives analyzed satellite images, for routine 
monitoring of illegal discharges from sea going 
ships and coordinates the activities of checking 
by aircrafts and surface units available;  

• Introduces alerts in SSN system and updates 
system database; 

• Monitors the sulphur content in the fuels of the 
vessels on Romanian territory;  

• Elaborates pollution statistics for IMO, Black Sea 
Commission, EMSA, annually and on request; 

• Coordinates and participates to all types of 
national and regional pollution response exercises. 

In case of a major pollution, MCC: 
• Receives alerts for oil pollution incidents and 

ensures off-shore response communications; 
• Participates to the evaluation of the effects and 

establishes the causes of major marine pollution 
incidents, in conformity with its competences; 

 

 

 
 

Figure 2 CleanSeaNet EU planned images 
 

• In case of marine heavy pollution, asks partial or 
total activation of the National Contingency Plan 
(NCP), through General Coordinator of Operative 
Commandment for Marine Pollution (OCDM); 

• Sends alerts and keeps the contact for the 
emergency situations with relevant national and 
international authorities (including IMO, EMSA 
and Black Sea Commission). 

According to NCP, MCC has been designated as 
Maritime National Operational Contact Point (M-
NOCP), 24 hours capability.  

The main tasks of MCC as M-NOCP are to receive 
alerts for oil pollution incidents and to ensure off-shore 
response communications, directly or through 
RADIONAV SA.  

In accordance with the Regional Contingency Plan, 
M-NOCP exchanges information with Black Sea 
Commission and all Black Sea MCC’s regarding the 
major pollution incidents in Black Sea and keeps 
informed national competent authorities on related 
situations.  

The CleanSeaNet system was developed for the 
detection of oil slicks at sea using satellite surveillance 

and was offered by EMSA to all EU member States, 
according Directive 2005/35/EC. The system is based on 
marine oil spill detection by checking on scene the 
satellite images.  

The service integrated into the national and regional 
response chain, aims to strengthen operational pollution 
response for accidental and deliberate discharges from 
ships and assist Coastal States to locate and identify 
polluters in areas under their jurisdiction. CleanSeaNet is 
delivering oil spill alerts in near real time (30 minutes) to 
both the Coastal State(s) and EMSA for detected slicks 
as well as giving access to the satellite image(s) and 
associated information over the web (and via email for 
low resolution images). In case of a detected oil slick, an 
alert message is delivered to the operational contact 
point. 

 
3. CLEANSEANET SYSTEM 

 
Each Coastal State has access to the CleanSeaNet 

service through the dedicated CSN Browser. This web 
map interface tool allows the viewing of all low 
resolution images, with oil spill detection analysis 
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results, wind information and other additional 
information. The CSN browser also includes a list of the 
ordered satellite scenes. High resolution images are 
delivered by EMSA upon request. 

In June 2007 Romania signed Conditions of Use for 
receiving the EMSA satellite based oil spill monitoring 
service when MCC Constanta was designated as alert 
contact point for CSN service. From September 2007, 
MCC Constanta receives analyzed imagery and alert 
messages from EMSA, for routine monitoring of illegal 
discharges from ships.  

A very important support is given also by EMSA 
with the Stand-by Oil recovery Vessel located in 
Constanta Port. 

Up to 20 NM from the coast, the visual verification 
is ensured by ships belonging to ARSVOM - dedicated 
Romanian SAR and oil pollution response Agency, 
patrol vessels from Coast Guard or navy. Over 20 NM 

from the coast visual verification is performed by 
airplanes belonging to Regional Air Services according 
to the cooperating protocol signed with this company. 

In order to better understand how the company is 
acting in case of pollution incident it is important to 
present a real case which occurred on 3rd of November 
2008 at 08.12 utc., when Constanta MCC has received 
from Italian Monitoring Satellite Image Centre an alert 
message regarding the existence of a large oil sleek of 
340 metres width and 20, 33 km long oriented direction 
SW - NE. Located position Lat. 44o 53’ 100” N and 
Long.029o 49’350” E.  

Following the cooperation with the ECDIS system, 
analysing the satellite image received in accordance with 
the vessel traffics’ monitoring has been revealed that the 
polluter was m/v GUZIDE S, Turkish flag.  

 

 

 
 

Figure 3 Satellite image received showing the  
existence of an oil sleek 

 
The said vessel was navigating from Turkish port 

Martas to Romanian port Galati located on the Danube 
River.  

On 4th of November 2008 at 14.00 lt m/v GUZIDE 
S arrived in the port of Galati and after the completion of 
the arrival formalities the representatives of pollution 
department within RNA commenced the investigation of 
the reported pollution incident.  

The investigation consisted in analysing and 
verification of the ship’s certificates, navigation log 
book, engine log book and the log book for oil and 
bunkering evidence. The notifications transmitted by the 
ship to Galati Harbour Master prior arrival and the 
documents submitted upon arrival were analysed as well. 
An expended control regarding the ship’s fulfilment with 
MARPOL requirements including the inquiry of the 
crew has been performed. As evidence it was found that 
the quantity of bilge water from the port side bilge tanks 

was smaller than the quantity of bilge water mentioned 
in the Oil Record Book. 

The figures from the Oil Record Book did not 
correspond with the reality revealed by tanks soundings. 
According the ship’s Navigation Log Book, on the 3rd of 
November 2008 at 08.12 UTC the vessel was in the 
position reported by Italian Monitoring Satellite Image 
Centre in fully accordance with the pollution moment.  

After such evidences the captain of the vessel has 
recognized the violation of the MARPOL requirements 
and that marine pollution was related to his ship due to 
negligent transfer of the bunker.  

According with the provisions of the Government 
Decision 876/2007, the Captain of the ship was punished 
with a substantial contravention fine. 
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4. CONCLUSIONS 
 

Ecological disasters that occurred in recent years 
within the Europe have demonstrated the importance of 
compliance with the MARPOL provisions of all ships. 
The major pollution from ships can be avoided only 
through an efficient organization, preparedness for 
response and cooperation between countries in order to 
develop all national systems by strengthening the 
cleaner seas concept.   

The organizational system described in this article 
and the case report presented having access to new 

technology imposed in EU could be an example for 
improving other national systems and an incentive for 
cooperation in the benefit of all mankind. 
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ABSTRACT 
 

The paper presents the analysis of the objective computer-based quality control system intended for training 
specialists in marine navigation. This system of quality control has been applied at the Navigation and Ship Handling 
Department of Kyiv State Maritime Academy (KSMA) in the process of training the students of 2 - 4 proficiency levels. 
The informational and methodological computer-based assessment tool package for the students trained for Bachelor, 
Specialists and Master Degrees has been developed on the basis of the following constituents:  

a) the system of control,  
b) three e-textbooks on basic theoretical subjects,  
c) built-in matrix for self-assessment to verify the testing results.  
Both experimental and current implementation of the computer-based quality control system proved to be a 

reliable and objective assessment tool used for quality evaluation of training on basic theoretical subjects included into 
the curriculum during the whole course of studies. Saving time and reducing financial resources spent for carrying out 
control sessions are significant. The main advantage of the system has been its efficiency which currently demonstrates 
the serious increase of the competency level of the students in Navigation.  
 
Keywords: navigation, computer-based quality control system, efficiency of testing 
 
 
1. INTRODUCTION 

 
Disregarding the difficulties and complexities 

which took place during the long period of reforms in the 
field of higher education, Ukraine managed to preserve 
the best features of “the old school” and to bring the 
Maritime education and training (MET) to prominent 
results thus playing the leading roles in the world’s 
shipping industry as far as the qualified work force 
supply is concerned.  

The evidence is the great demand in seafarers with 
Ukrainian diplomas (Bachelor or Master) in the 
Merchant Navy. According to the statistics of BIMCO 
(Baltic and International Maritime Council), Ukraine 
occupies the leading place in the world by the percentage 
of higher ranks (Captains, Chief Officers, Chief 
Engineers) and the 5th place by the total number of 
seafarers supplied to the world’s labour market. Eastern 
Europe has become increasingly significant with a large 
increase in officer numbers. Thus, improved training and 
recruitment levels need to be maintained to ensure a 
future pool of suitably qualified and high calibre 
seafarers (BIMCO 2010:1). Preservation of this status 
for the longer period in future is the priority of Ukrainian 
Maritime institutions.  

This task is directly connected to national standards 
and quality of MET in Ukraine. Several factors affect the 
situation among which the most challenging are: 

- the quality and integrity of international and 
national standards in the field of training the crew high 
ranks; 

- the level of the general proficiency level of 
school leavers or students entering the Academy; 

- the proficiency level of the teaching staff, 
especially those having the experience of command 
positions in Merchant Navy; 

- the availability of up-to-date certified training 
facilities and simulator base; 

- the availability of the objective computer-
based quality control system for training specialists in 
navigation. 

Most of these parameters are supported by the 
national regulations which standardize the process of 
maritime education and training and specify its quality 
requirements. At the same time, the system of quality 
control of trainees’ academic and professional 
competency level hasn’t been standardized in some 
aspects. In most of Ukrainian Maritime institutions the 
only version of quality control instruments both in 
semester sessions and final (state) examinations for all 
proficiency levels is the traditional assessment with the 
help of examination cards and face-to-face teacher-
student contact. 

This approach being acceptable in common 
practice, doesn’t always allow to evaluate objectively 
and in full scope the quality of a student’s educational 
level, mainly referring to the requirements of the branch 
standard for higher education developed by the Ministry 
of education and science, youth and family of Ukraine in 
the ‘Educational qualification curriculum’ for Bachelors, 
Specialists and Masters. This national standard specifies 
that the final/state assessment for Bachelors and 
Specialists on 14 academic subjects should be held in the 
format of testing.  

From the point of view of objective characteristics, 
this number of subjects presumes the application of tests 
and rejects the traditional way of evaluation. In addition, 
the traditional form of final examinations usually brings 
to extreme physical overloading both of the examination 
board members and the students. 

Purposing the higher qualitative characteristics in 
the process of training, the attention was paid to the 
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major subjects teaching which was carried out on the 
basis of three up-to-date e-textbooks with the built-in 
self-assessment control systems for each chapter (2, 3, 
4). This self-assessment system has a feedback for the 
questions not answered correctly. The further procedure 
presumes the involvement of the database of the e-
textbooks which makes possible to find the correct 
answer to the question in the test.  

The methodology and techniques of creating tests 
have been researched according to the present 
requirements to testing systems which was described in 
research papers (5, 6). The results of the research were 
implemented into the new design of teaching/learning 
materials approved by the Ministry of education and 
science, youth and family of Ukraine and published in 
2012. 

 
2. THE MAIN PARAMETERS OF THE  
COMPUTER-BASED QUALITY CONTROL 
SYSTEM 

 
The structure of the computer quality control 

complex has been developed on the basis of the rational 
parameters including networks resources and 
informational safety. The structure itself incorporates the 
software, PC, servers and networks. The software based 
on “Opentest-2” version makes possible to correlate the 
primary evaluation mark with the probability of guessing 
the right answer. From the point of view of the statistical 
evaluation of testing results, the error affected by guess-
ing is a random magnitude influenced by several factors, 
mostly, by the duration of the test and the type of 
assignments included into the test. 

The probability of guessing (Pi) for each type of 
assignments is defined in the formulae given below and 
depends on the total number of variants of the answer 
(m) and the number of correct answers (k). Thus, the 
chance of guessing for the 1st type of assignments 
(multiple choice with one correct answer) is  

 

 ,                                          (1) 
 

for the 2nd type of assignments (multiple choice with 
several correct answers) it is  
 

 .                                (2) 
 

So, the average probability of guessing (Pav) is 
 

,                              (3) 
 

where Bi is the mark in points for each assignment of the 
test; N is the total number of assignments in the test. The 
initial score for the testing session is defined as a fraction 
of correct answers according to the formula: 
 

,             (4) 
 

where B max is the maximum score for one session. With 
the account of probability of guessing coefficient, the 
percentage of correct answers is calculated as 
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is the average alternation value per the testing session. In 
accordance with these parameters the system is able to 
correct automatically the results obtained, with the value 
of the guessing factor taken into account. The 
comparison of frequency analysis on two basic subjects 
for the testing sessions was performed in 2012. The 
objective character and authenticity of testing results 
were also proved out by the analysis of selective groups 
and subjects. 

 
3.  CONTENTS OF THE COMPUTER-BASED 
QUALITY CONTROL SYSTEM  
 

The comparative analysis takes into account the 
number of students in the groups taking the tests on 
“Navigation and piloting” - 208 Bachelors; on “Safety of 
navigation’ - 113 Specialists. Both results are valid when 
considered from the point of view of Gaussian 
probability Law of normal distribution. The database for 
tests corresponds to the contents of the modules of the 
national standards in “Marine and river transport” 
training curriculum for the specialists in Navigation and 
to the minimum competency standards for OOW which 
are defined in STCW – 78/95. The total number of tests’ 
assignments included into the final (state) examination 
is: 2843 on 15 basic subjects for Bachelors; 1760 on 15 
basic subjects for Masters. 

The general information on the academic subjects 
and parameters of testing, methods of defining the 
number of assignments depending on the number of 
modules in a credit were analysed in research papers 
published during the period of preparation and 
implementation of the informational computer-based 
complex of quality control beginning with the year of 
2006. Since then, more than 2000 students of the 2-4 
educational levels have passed testing. The diagram 
below (Figure 1) presents the main data on testing the 
students’ theoretical competency during final 
examinations where vertical vector represents the 
number of students; horizontal vector indicates the 
year(s) of final testing; red colour depicts Bachelors; 
blue colour depicts Specialists; green colour represents 
Masters. All teachers and instructors of the leading 
departments performed the final examinations using 
materials of the computer testing. Hence, the total 
number of students subjected to this type of final control 
is 4.5 thousands which is statistically reliable for the 
further research aiming the increase of quality of 
students’ training in theoretical subjects. 
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Figure 1 Comparative diagram of applying the 
computer-based system of quality control in 2006-2012 

The demand for the computerized control system 
and its objectivity and authenticity have created 
preconditions for designing ‘The Informational and 
Methodological Complex of Quality Control Tools of 
Deck Officers’. Its principal characteristics are a) the 
application of “Opentest-2” software designed by the 
Kharkiv National Radioelectronics University; b) the 
implementation of the improved database comprising 
four types of assignments with different levels of 
complexity and the new design presentation; c) the 
implementation of the self-assessment system 
supplemented to the 3 e-textbooks on major subjects; d) 
the flexibility and multifunctional character of the 
quality control complex are based on combination of its 
educational, training and controlling functions, as well as 
its functional re-arrangement for a specific purpose. 

Objectivity and authenticity of competency quality 
assessment are achieved owing to the following factors: 
the results of testing being independent on subjective 
interference; application of similar criteria used for the 
final assessment and the same parameters of testing 
approved by the corresponding Testing Regulations in 
the Academy; sufficiently abundant database for each 
module (subject) 10 times increasing the number of 
questions suggested in the test by means of random 
sample; the variable sequence of questions; the 
correlation of correct answers and probability of 
guessing as per the primary mark and its scaling. 
 
4. CONCLUSIONS 

 
The profound research and 7-year-long experience 

of objective computer quality control system for training 
specialists in navigation of the 2-4 proficiency levels 
brings to the following conclusion: 

1. The department of navigation and ship handling 
of Kyiv State Maritime Academy has created the 
informational and methodological complex of computer-
based tools for quality control of navigational students’ 
proficiency which comprises a) computer-based system 

of quality control; b) e-textbooks with the built-in system 
of self-assessment. 

2. The multifunctional character of this complex 
makes possible to assess the quality of theoretical 
training of Bachelors and Masters in Navigation by 
means of computer-based testing on 15 subjects included 
into the curriculum of each educational-qualification 
level. This type of control can be performed under the 
guidance of an instructor in the computer laboratory, as 
well as in the Internet in a distance teaching/learning 
format.  

3. The implementation of informational-
methodological complex allows to improve considerably 
the assessment quality in theoretical training and to 
reduce the amount of finance and time spent for control 
sessions. 

4. The assessment quality is defined by the 
assignment database quality which corresponds to the 
contents of all professional functions, typical skills and 
abilities of graduates according to the requirements of 
STCW-78/95 with the emphasis on Manila amendments, 
2010, about the “list of knowledge, understanding and 
proficiencies associated with each competence; the 
methods of demonstrating each competence; and the 
criteria for evaluating each competence (STCW 
Convention Comprehensive Review 2010:2) 

5. The informational and methodological computer-
based complex comprising the tools for the navigation 
students training quality control aims to be validated 
through the National Standard of Maritime education 
and training and approved by the Ministry of education 
and science, youth and family of Ukraine as “The means 
of quality evaluation” for specialty “Navigation”, 
qualification “Chief Officer”.  
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ABSTRACT 
 

Quay cranes play an important role in cargo operations in ports and are considered leaders of the port operators’ 
technological process. This paper presents calculations of determination grab’s efforts and there are proposed changes 
in grab’s structure for optimizing the exploitation of quay cranes.   
 
Keywords: quay crane, grab, exploitation, port,cargo 
 
 
1. INTRODUCTION 
 

Quay cranes are means of production that allow 
hard and low-skilled work replacement with easier 
highly skilled work, mechanization and automation of 
production processes, thus ensuring increased 
productivity, reduced cost price and shorted execution 
time in all areas of the economic activity. They play an 
important role in the development of maritime transport, 
inland waterways, road and rail. They also lead to 
increased productivity in industrial and civil construction 
bridge construction, viaducts, railways and other 
domains. 

Quay cranes forms the group of the main lifting 
machinery used in ports. With them is done most of the 
loading and unloading of ships. This is the reason for 
which quay cranes are considered leaders of the whole 
technological process. 

In order to load and unload vessels, quay cranes 
must perform a series of movements (maneuvers), so 
that goods can be placed or removed from any part of the 
ship. 

In order to optimize the traffic of ships in the port of 
Constanta, and to optimize ships’ operation, must be 
analyzed the structural characteristics and specific 
functions of each type of ship, closely related to 
structural features of operating berths [1]. Achieving 
high productivity quay cranes is imposed by the need to 
ensure quick loading and unloading of ships and barges, 
which is a prime importance necessity in activities of 
operating ports. 

Current and future trend in solving loading and 
unloading, transport and handling of goods, materials 
and spare parts of quay cranes is to create machinery 
with reliable operation, with high degree of 
mechanization and automation that occupy small 
workspaces, are effective, with increased productivity 
and with maintenance and operation easy to achieve. 

 
2. DETERMINATION OF GRAB EFFORTS  
 

A clamshell or grab consists of hoist drum lagging, 
clamshell bucket, tag line, and wire ropes to operate 
holding and closing lines [2]. 
 

 
 

 

 
 

Figure 1 Grab forces 
 
In figure 2 there are the following forces: 
- FB is force in the arm 
- Hi is closing force 
- S is force in the cable. 

Weights of the empty grab’s main components are: 
 

G0 = G1 + G2 + G3= g (m1+m2+m3) [kN]        (1) 
 

where: 
m1 - mass of the upper beam 
m2 – mass of buckets 
m3 – mass of the lower beam 
 
According to the literature, the masses of empty 

grabs’ components can be approximated according to the 
below algorithm [3]. 
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where M0 is grab’s empty mass (M0 = 8t).  

Empty grab’s main components weights are: 
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2.1. Vertical forces acting on grab 
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where: 
F1 – force in the upper beam; 
F2 – force in the articulation of bucket with bars; 
F3 - force in the lower beam; 
i - transmission ratio (for corn, with ρ = 760 kg/m3, 

i has values between 3...4, [3] we choose i = 3); 
η - efficiency of closing hoist (from calculations, η 

= 997) 
Discussion: When choosing the transmission ratio i, 

is taken into account that is favorable a report as high as 
possible. This assumes, however, more cable wounded 
on the drum, therefore an increase of the time of closing 
cups. 

By default, the grab’s productivity decreases. 
Therefore, we chose the lowest value in the range to get 
an increase in productivity. 

Calculations: 
S force in the cable, S results from the calculus: 
S = 90,32 kN;              (6) 
F1 = 24 + (3 · 0,97 - 1) · 90,32 = 196,51 kN 
F2 = 40 kN 
F3 = 16 + 3 · 0,97 · 90,32 = 278,83 kN 
 

2.2 The equilibrium of forces 
 
All the forces acting in the grab are concurrent in O. 

Reducing these forces in point O, the grab bucket will be 
in equilibrium under the action of R2 and R3 resultants, 
respectively of closing force Hi. 

Following, we must calculate the resultants R2 and 
R3, as well as the angles under them are from the 
horizontal, in order to write the equation of equilibrium, 
ie: 

Hi + R2 · cos ( β + γ) = R3 · cos δ              (7) 
 

2.3 Determination of R1 reaction force 
 

The titles of sections and subsections will be 
aligned left and numbered consequently. Determination 
of R1 reaction force results from fig. 2.b. 

 

 
 

Figure 2 Determination of reaction forces 
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Angle α=280, according to the model 

kNRR 30,223
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2.4 Determination of R2 reaction force 
 

We apply the cosines theorem (see fig. 2.c) 
 

a2=b2+c2-2·b·c·cos A                       (11) 
 

R2
2=F2

2 + R1
2 - 2· F2 ·R1 · cos (1800-α)           (12) 

 
=> R2

2 = 402 + 223,302 – 2 · 40 · 223,30 · cos 1520 
R2

2=1600 + 49862,89 – 17864 · (-0,88) 
R2

2= 67183,21                          (13) 
So, 

R2=259,19 kN 
 

2.5 Determination of β angle 
 

By applying the cosines theorem, results: 
 

F2
2=R1

2 + R2
2 – 2 · R1 · R2 · cos β               (14) 

That is, 
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Calculus: 
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β=arc cos 0,997 => β≈50 

 
2.6 Determination of δ angle 
 

                           δ=900-φ     (17) 
φ –maximum angular half opening of the cups 

According to [3] , 2· φ= 1560...1600 ; we choose   
2· φ= 1600  =>  φ=800 

  
Resulting: δ=900-800 =>  δ=100 

 
2.7 Determination of β+γ angle 
 

γ=900 – α 
γ =900 –280 

Resulting:  
γ= 620                                   (18) 

β+γ = 50+620=> β+γ = 670                 (19) 
 
2.8 Determination of closing force  
 

The titles of sections and subsections will be 
aligned left and numbered consequently. Is resulting 
from the equilibrium equation of forces, reduced in point 
O. 

Hi = R3 · cos δ- R2 · cos (β+ γ )                 (20) 
R3 is resulting from  R3F3H3  triangle: 

3

3cos
R

F
=ϕ

                              (21) 
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Resulting 17,0
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R3 = 1640,17 kN 
Therefore, 
Hi=1640,17 · cos 100 – 259,19 · cos 670  
Hi  = 1640,17 · 0,98 – 259,19 · 0,39 
Hi =1607,36 – 101,08 
Hi = 1506,28 kN 

 
3. PROPOSED CHANGES IN GRAB’S  
STRUCTURE FOR QUAY CRANE’S  
EXPLOITATION OPTIMIZATION 
 

We propose the following measures for grab 
exploitation optimization:  

1. To increase the closing force (in order to 
minimize cargo loss between buckets and to increase the 
digging force) the lower beam weight must be reduced. 

2. According to studies, the closing force is 
maximum when the grab is opened and decreases as it 
closes, because Hi is proportional with the weight of the 
grab and with i gear ratio of the hoist. For these reasons 
it is recommended a transmission report as high as 
possible. This however requires more cable winding 
drum, so a higher closing time, which leads to lower 

productivity. If is needed a higher closing force, i gear 
ratio must be led to the upper end of the range, ie i = 4. If 
is needed a higher productivity (with lower closing 
time), then the value of i remains 3. 

3. Welding of steel strips overlaid on the cups 
edges, to limit the loss of cargo, would not affect the 
stress distribution in the grab. 

4. To reduce grabs’ weight in order to ease the 
lifting equipment, if the operated cargo type has high 
granulation (eg. corn cobs), it can be made cuttings in 
the buckets’ jaws. In this way it can be extend the grab’s 
operability for high granulation cargo and the empty 
grab’s weight is reduced. 

5. Tie rods are designed to ensure connections 
between key elements of the crane [4]. They take over 
load by supporting the main beam and the cups. In grab 
modeling using FEMAP software appear problems of tie 
rods bending.  
 

 
 

Figure 3 Rods bending in FEMAP 
 
For optimization, tie rods could be replaced by 

hydraulic cylinders. 
 
4. CONCLUSIONS 
 

By replacing a pair of rods with a single hydraulic 
cylinder, the grab’s weight is reduced. Due to hydraulic 
action, the closing force increases and closing time 
decreases.  

Also hydraulic action ensures good sealing of jaws 
and eliminates cargo losses during exploitation. 
Hydraulic drive can be separated on each bucket, 
ensuring a more precise control over each cup (together 
or separately). 
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ABSTRACT 
 

The present paper presents the history and the problems of the intact ship stability regulations entered into force 
over the years. The problems involving ships stability loss as well as ships capsize concerned the maritime community 
from the first beginning, this type of problems being always a part of maritime safety. Maritime casualties related to 
loss of ship intact stability continue to be present despite the fact that ships comply with stability criteria. The necessity 
of new generation of stability criteria is to be taken into account using additional factors involved. 

 
Keywords: ship stability, stability criteria, weather criterion, righting moments, metacentric height, lever 
arm curves, capsize. 

 
1. INTRODUCTION 

 
The history and analysis of the regulations related 

to intact ship stability as well as improvement of a 
practical methodology for assessment of ship stability on 
board vessel, is the main objective of this article.  The 
basic motivation came from the feeling that key 
advances in the knowledge, understanding, and 
applicability of ship stability principles, stated in 
regulations, correlated with practical problems, can be 
integrated within a single framework.  

 
2. THE HYSTORY AND ANALYSIS OF INTACT 
SHIP STABILITY REGULATIONS 

 
The problem of stability of the floating bodies, 

which can be traced back to Arhimede himself, has never 
ceased to interest scientists and engineers and has 
become an important part of academic studies. Intact 
Ship Stability have been known for a very long time in 
terms of positive righting moments. Since from 1747 
Bouguer define in his work “Traite du navire, de sa 
construction et de ses mouvements” the metacentre as 
the intersection of two vertical axes passing through the 
centre of buoyancy (de centre of gravity of the displaced 
fluid) at two slightly different angles of heel. Two years 
later, Euler in “Scientia navalis sea Tractatus de 
Construendis ac Dirigendis Navibus” (1749) gave a 
general criterion of the ship stability, based on the 
restoring moment: the ship remains stable as far as the 
couple weight (applied in vessel’s center of gravity) and 
the buoyancy force (applied in vessel’s center of 
buoyancy) creates a restoring moment. In 1757, 
Bernoulli, discovered the relationship between 
metacentric height (GM) and the rolling period of ships. 
Later on, Moesley, introduced the dynamic approach 
with respect to the area under level arm curves. Around 
1900, the problem of ships stability was considered as 
solved based on knowledge to evaluate the dynamic 
stability of existing ships. In fact, only the theoretically 
considerations were solved, but the main problem was to 
apply these fundamentals as a practical calculations of 
ships stability related to righting levers, having in view 
the complex geometry of ships hulls. This problem 
remained up until last decades of 20th century, several 

methods, based on approximations, were invented to 
overcome this problem, but the final solutions came with 
the appearance of computers. Ship stability was judged 
mainly on the calculated value of metacentric height 
which also in nowadays is still wrongly viewed as a 
main factor.  

In 1939 Rahola carried out extensive statistical 
investigations into ship stability. Various still water lever 
arm curves of capsized ships were analyzed and he 
concluded that a large number of ships had righting 
levers below the minimum values of righting levers 
recommended by experts at that time. He identified that 
the ships had various values of righting levers, from too 
small, according to maritime board, to “critical” levers 
and sufficiently large lever arms.  His investigations 
resulted finally in the definition of a “standard” lever 
arm curve defined by minimum levers at 20 and 30 
degrees heel, the maximum lever being at 35 degrees 
heel and the angle of vanishing stability at 60 degrees. 
All lever arm curves are accepted as equivalent when the 
enclosed area up to 40 degrees is of the same amount or 
larger as the standard curve. 

Rahola’s investigation was a success and proved, 
later on, to be the base of minimum stability criteria 
adopted over the years. Even the present intact ship 
stability criterion, issued by International Maritime 
Organization through Resolution MSC.267 (85), is based 
on Rahola’s conclusions. From his investigation, it is 
important to note that ships that capsized due to dynamic 
effects like resonant rolling or shifting of cargo has been 
categorized as safe ships with sufficient large still water 
lever arms in most of the situations. Thus, dynamic 
influences were neither considered directly, nor 
indirectly, in Rahola’s minimum requirements. 

Provisions concerning intact ship stability were 
introduced at a later stage in international regulations of 
ship safety. The necessity of intact stability rules was 
indeed uncertain until SOLAS ’48, as stated in 
Recommendations contained in Annex D, recommends 
to the Administrations a more detailed examination of 
intact ship stability. The first international intact ship 
stability rule at IMO was originated by a 
recommendation contained in the conclusions of 
SOLAS’60, when for the first time was recommended to 
initiate studies on the basis of information referred by 
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ships types, as intact stability for passenger ships, cargo 
ships and fishing vessels as well as standards of stability 
information.  

As a result, the General Stability Criteria based on 
righting arm characteristics was adopted in 1968 with 
IMO Resolution A.167. This recommendation, known as 
“statistical criterion” is originated from the studies of 
Rahola and was developed in terms of global quantities 
related to initial metacentric height, static and dynamic 
stability arms satisfying a set of standards obtained 
empirically from statistics of casualties. The 
requirements in Res. A.167 consisted of a minimum GM 
value, a minimum lever arm value at 30 degrees heel and 
three minimum areas below the lever arm curve. 
However, dynamic effects were not taken into account. 
When Res. A.167 was developed, data in sufficient 
quantity was only available for smaller ships, thus the 
resolution was applicable only to ships smaller than 100 
meters in length. On one hand, it was simply to use but 
on the other hand it was difficult to improve as has no 
physical modeling and no mention to sea state and 
moreover the level of safety was unknown. The 
introduction of Res. A.167 constituted a tremendous 
improvement of previous state of art regarding stability 
at international level but practically…was nothing. In 
comparison, all subsequent changes and new 
introduction can be considered only as smooth changes. 

Again, as an answer to recommendations given in 
the conclusions of SOLAS’74, where was recommended 
the improvement of international standards on intact 
stability of ships taking into account the external forces 
affecting ships in seaway which may lead to capsize or 
unacceptable angles of heel, the Weather Criterion was 
adopted in 1985 by IMO Res. A.562. The main aim of 
this criterion was to assure that ships are able to 
withstand heeling moments due to incoming waves and 
wind without exceeding certain roll angles. The structure 
of the criterion was prescriptive as well, whereas the 
threshold values were based on statistical long-term 
evaluations of accidents made since the first formulation 
in the stability requirements of the Soviet Register of 
Shipping from 1947. The critical KG value was adjusted 
to fit the mean of all KG values of ships in the statistics, 
which were considered safe in operation.  

Shortly after its introduction, from the first time in 
1985, the weather criterion was criticized. The main 
point of critics was, beside the partly unrealistic 
simplifications regarding the constant heeling lever due 
to wind and wave induced roll motion, that the criterion 
is calibrated for old ship types with traditional hull 
forms, moderate to small lateral areas and small B/T –
ratios. 

The general outcome of resolutions A.167 and 
A.562 is typically in the form of limiting curve for GM 
and KG as a function of ship draft. Comparisons have 
been made for families of ships of same typology 
between statistical and weather criteria requirements, 
generally finding that the second one is more severe. 
Comparison has been made also between resolutions 
A.167, A.562 and SOLAS’90, for particular types of 
ships, like the modern large passenger cruise ships. It has 
to be observed that Res. A.167 is usually only subject to 

criticism while the other two instruments are severely 
criticized.  

All recommendations and regulations relating to 
ship intact stability and safety against capsizing issued 
by the International Maritime Organization (IMO) were 
consolidated in Code on Intact Stability of All Types of 
Ships Covered by IMO Instruments, adopted by Res. 
A.749(18) on 4th November 1993.  

With the adoption of Res. A749, which incorporates 
Res. A.167 the upper limitation in ship length was lost 
apparently without prejudice and both criteria, the 
general criteria and weather criteria, were considered for 
ships of 24 m in length and over. 

The general intact stability criteria regarding lever 
arm curves proprieties are almost unchanged from those 
stated in Res. A.167.  

All the general intact stability requirements were 
applicable to ships of 24 meters in length and larger. 
Surprisingly and in contrast to the old regulation A.167, 
they also applied to ships of more than 100 meters in 
length, although the majority of the ships represented in 
the statistical example on which the requirements were 
based, has a length of less than 60 meters.  

It was widely accepted that the general intact 
stability criteria, in the form of Res. A.749 (18), do 
neither provide a sufficient level for large ships, nor do 
they assure a uniform safety level for ships of different 
size or type. One major reason for these problems was 
the fact that the minimum requirements were not being 
scaled with the ship size. In practice, this leads to the 
situations that a large container vessel of 300 meters in 
length is allowed to sail with the same minimum GM of 
15 centimeters as a small coaster with a length of 
approximately 80 meters. Applying Froude’s similarity 
law, it follows that lever arms increase with the 
geometrical scale λ with increasing ship size. Thus, in 
order to provide the same ability to resist heeling 
moments in the above mentioned example, the GM value 
would have to be increased for the large ships by the 
factor 300m/80m = 3.75. The ‘severe wind and rolling 
criterion”, originally introduced by IMO Res. A.562(14) 
in 1985, was also part of the IMO Res. A.749(18). 

As a consequence of the container ship 
development in the early 1980’s, a clear trend could be 
noted to ship designs with increasing beam of ships, 
without similar increase of the depth. This is simply, 
because this type of ship typically carries large amounts 
of deck cargo resulting in relative large vertical centers 
of gravity. Under the pressure to optimize the ship’s 
economically, designers usually try to maximize the 
number of containers carried on deck. To fulfill the 
minimum stability requirements it is an appropriate 
measure to increase the ship’s beam and thus, to 
maximize the waterline area of the vessel. This results in 
larger initial stability, but reduced form stability, 
whereas an increase in depth is always unfavorable for 
the initial stability of the vessel (not for the form 
stability). Large initial stability, low additional form 
stability and a relative small range of positive righting 
levers characterize the lever arm curves of the resulting 
ship designers.  

Hull forms having large values B/T and B/D need 
larger righting levers than conventional hull forms. This 
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may be explained by the reduced form stability 
combined with larger alteration on righting lever in 
waves. It was found that in bow or stern quartering seas, 
those vessels were endangered where the centre of 
gravity was significantly higher than the still water line. 
The explanation might be that the difference between the 
alternating restoring moment due to the wave action and 
heeling moment takes larger values. Moreover, hull 
forms having large ratio of waterline coefficient over 
block coefficient are suspected to have large righting 
lever alterations in waves and therefore more vulnerable 
rolling. 

The revision of Intact Stability Code started in 2001 
and completed in 2006. The first step consisted in an 
important structural reorganization and in the 
development of an alternative way on experimental basis 
to fulfill the requirements of weather criterion for ships 
having parameters outside the original range. 

All recommendations and regulations relating to 
ship intact stability and safety against capsizing issued 
by the IMO are consolidated nowadays in the 
International Code on Intact Stability (2008 IS Code) 
adopted by Res. MSC.267(85) on 4th December 2008.  
Compliance with the new Code was required under 
changes to the SOLAS and Load Line Conventions, for 
ships whose keels are laid on or after July 1st, 2010, to 
which these Conventions apply. 

The stability criteria as included in the revised Code 
are virtually the same as the original IMO Res. A.167 
adopted in 1968 (statistical criteria) and in Res. A.562 
adopted in 1985 (severe wind and rolling criterion) with 
small amendments and some relaxations. As a first main 
difference from the previous regulations, the new Code, 
which is referred to as the 2008 IS Code, has two parts: 
Part A which is mandatory, contains general intact 
stability criteria for cargo and passenger ships and Part 
B, which is recommendatory, contains intact stability 
criteria for certain types of ships as recommendations 
and additional guidelines. 

What has changed? There are two significant 
changes. The first is the requirement for all ships to 
demonstrate compliance with wind and wave criteria. If 
the standard criteria are not applicable to the vessel, due 
to the vessel dimensions falling outside those relevant 
for the formulae given, model tests may be used to 
derive a value for the angle of roll. Model tests may also 
be used to identify the wind heeling lever for all vessels.  

The assumed weather criteria is simply to use, it is 
based on physical phenomena / modeling but was 
adjusted with capsizing casualties in the form of the 
wind velocity. In other words, the wind velocity in the 
weather criteria does not represent the actual sea state 
and has rather empirical meanings. Since the weather 
criteria involve such an empirical factor, it is not easy to 
improve the criteria. However, the simplified modeling 
takes into account only beam waves and wind, why no 
internal degree of freedom, like shifting of cargo or 
water on deck, was introduced. In fact, it concerns only 
one mode of ships loss and the level of safety is largely 
unknown. 

Although it considers the dynamics of ship roll 
motions, at least in a simplified way, the prescriptive 
scenario of weather criteria is not suitable to assess 

phenomena endangering ships in head, following and 
quartering waves and it also never was intended to be 
used in such a way. 

The second significant change is the requirement 
for flag administration approval of stability instruments, 
in cases where an instrument is proved to supplement the 
stability book. However, to be applied this requirement it 
is necessary the development of guidelines for the 
approval of stability instruments, defining acceptable 
tolerances. 

The Code is still based on the same assumptions, 
according to which the ship indicator of stability safety 
is the righting arm curve on calm water. 

There were still some other pending issues, 
connected with the possible consequences of a 
mandatory IS Code making impossible the adoption of 
some alternatives currently used by Administrations. The 
most important is connected again with the required 
minimum value for the angle of maximum righting lever.  

The safety level guaranteed to the ships by the 
compliance with stability criteria, however, is in general 
unknown and it is still a big open problem. It is indeed 
typical to open the way to alternatives by stating that “a 
level of safety has to be guaranteed, as a minimum, by 
any alternative assessment”. Statements like this are 
often used to try to avoid excessive relaxation of safety 
standards, but in fact are less meaningful than they could 
appear. Of course, ship safety at sea was greatly 
improved by the development and implementation of 
present stability criteria, as contained in IS Code, and 
other measures (for example the assignment of 
freeboard), although being these measures 
recommendatory in nature or not so widely adopted. 

A black box is constituted by the sentence “to the 
satisfaction of the Administration” that often 
accompanies these alternative measures. Actually, these 
sentences should be accompanied by some guidelines or 
codes of practice. 

In addition it is clear that the safety level is 
unequally distributed among different ship typologies 
and, even inside a given ship typology, it appears to be 
strongly dependent on ship size. This is particularly true 
for the General Criterion, which is the result of a global 
re-active approach. It mixes indeed in the same pan good 
and bad designs in a set of standards most of which not 
having a clear physical relation with the phenomena they 
are trying to avoid. Also the present version of Weather 
Criterion, due to its relatively poor, although physical, 
modeling spreads unevenly the safety level among ship 
types. A study conducted in Japan on the capsizing 
probability of a sample of 29 passenger and 46 cargo 
ships marginally complying with both provisions of 
Intact Stability Code revealed that this quantity is spread 
in a wide interval covering many orders of magnitude. 
The results also indicate that the safety level is generally 
higher for ships with length higher than 100 m. 

From point of view of ship safety this is however, 
not the final solution. From time to time, stability 
casualties happen in spite of the fact that the particular 
ship meets all existing IMO criteria. The existing criteria 
may also be not applicable to some type of modern ships 
incorporating novel design features especially because 
original criteria as Res. A.167 developed more than forty 
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years ago were based on casualty statistics that included 
mainly vessels under 100 m in length. With many 
modern ships there is no previous experience in relation 
to safety and stability and satisfying existing criteria may 
not assure required level of safety. 

In order to achieve sufficient level of safety with 
respect to stability, all elements creating stability system 
have to be taken into account. Taking into account the 
fact, that less than 20% of all casualties are caused by 
faulty or bad design of the ship, the safety requirements 
that refer mainly to design features of the ship cannot 
ensure sufficient level of safety, in particular with regard 
to ships having design features. 

 
3. CONCLUSIONS 

 
The general belief is that current ship stability 

regulations reflect little of the state of the art of ships 
behavior and seakeeping in different practical situations, 
especially in rough seas. Additionally, ships that are 
categorized as safe continue to loss their intact stability 
due to influence of factors, which depend, directly or 
indirectly, on minimum stability requirements. There is a 
necessity of rethinking of the stability problems, arising 
from the new ship design trends, new ship’s operation 
from economical point of view, as well as competitive 
officers on board vessels capable to face the new 

challenges, generating new requirements that will protect 
lives, environment and proprieties. 
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ABSTRACT 
 

Risk management is "the formal process by which an organization establishes its risk management goals and 
objectives, identifies and analyzes its risks, and selects and implements measures to address its risks in an organized 
fashion". Today's risk management process encompasses more than just insurance, work safety and health and legal 
liability management. It also includes an ongoing and complex process of evaluating and minimizing inherent, enduring 
organizational risks-in this case, those of the academic institution, students, community agencies, community members, 
and others involved in the service-learning experience. To avoid health and legal liability, risk management procedures 
need to be considered before starting any service-learning experience. This fact sheet provides background information 
and describes a systematic approach to establishing a safe, minimal risk environment for all participants: students, 
faculty, supervisors, transporters, community agency representatives, and others. 
 
Keywords: risk management, students, process, objectives, components 
 
 
1. INTRODUCTION 

 
Start by inquiring about the policies and procedures 

that may already be in place on your campus: does your 
campus have a risk management policy for community-
based educational experiences, for community service, 
or for clinical placements? To avoid duplication of 
effort, be sure to consult with administrators and faculty 
in other schools and departments on your campus that 
have an existing service-learning or community-based 
learning program in place. If your campus has an Office 
of Service-Learning or related office, consult with them 
as well. Learn from their stories of both successes and 
challenges involved in managing risks and avoiding 
liability. When available, request pertinent documents - 
such as student and agency orientation materials, consent 
forms, university-agency agreement forms, liability 
policies - to review as templates for your program. 

In general, the more the service-learning 
environment is sanctioned by the academic institution, 
the greater the potential for liability to the academic 
institution. Conversely, the less the service-learning 
environment is sanctioned by the academic institution, 
the greater the potential for liability to the participating 
students and agency. For example, if the student does 
community service on his or her own - outside the scope 
of a credit-bearing course or official campus program - 
the student is probably not covered by the institution's 
liability insurance. In either scenario, it is important to 
create signed agreements that clarify the liability 
insurance coverage provided by the community partner 
and the academic institution involved in service-
learning. Be sure to check your state's requirements; for 
example, worker's compensation insurance may be 
required by state law. Worker's compensation for 
students is often the responsibility of the academic 
institution if the service-learning experience is a 
requirement. 

Although it is critical to have some form of liability 
insurance coverage at both the community agency and 
the academic institution, financial losses will only be an 

issue if an adverse event occurs - the ultimate goal is to 
prevent any adverse occurrences. It is not just financial 
losses that are at stake; one must also consider 
prevention of other losses, including loss of trust and 
mutual understanding in community-campus relations, 
which is the foundation of a successful partnership. 

Liability prevention involves the systematic 
identification, analysis, measurement and reduction of 
risks. It encompasses several aspects of the service-
learning experience, including the community agency 
(e.g., slipping on a wet stairway), product or service 
delivery (e.g., quality of care provided), transportation 
(e.g., motor vehicle accident), and worker's 
compensation, among others. An example of risk 
prevention includes training students in safe needle 
disposal before working in health clinics. An example of 
risk reduction includes assuring that gloves are available 
for student use in health care environments, or a review 
of emergency response procedures, such as fire exits. 

If an adverse event occurs that involves legal 
intervention, consider the following: 

• Injury to student in service-learning 
experience: typically, medical costs are paid through 
workers' compensation when the students' injuries 
resulted while he/she was providing service within the 
scope of the SL experience 

• Injury to someone else by student or faculty in 
service-learning experience: in this case, there is the 
possibility of litigation…anybody involved in the 
situation could be named as a defendant, including the 
student, the academic institution, the faculty member, or 
the community agency. The academic institution would 
defend and indemnify the student and the faculty if each 
were operating within the scope of their student or 
faculty roles. 

Risk management is an ongoing process that 
requires continuous revision in response to changing 
governmental and workplace policies. To assure 
sustainability of your community-campus partnership, 
adequate planning, orientation, and continual evaluation 
are essential. Furthermore, involving all stakeholders 
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from the community and the campus in the risk 
management process will assure a safe, trusting, and 
enjoyable service-learning experience. 

 
2. CONDUCT A RISK AND LIABILITY  
ASSESSMENT 

 
Minimizing potential risks to all service-learning 

participants requires adequate time for planning and 
orientation. Conduct a thorough review of potential risks 
before embarking upon the service-learning experience. 
Discuss your questions and concerns with your 
community agency partners and campus colleagues. This 
assessment might include such questions as: 

• What are the potential risks to service-learners 
of having contact with agency clients? For example, are 
clients likely to be under the influence of drugs or 
alcohol? What policies and procedures are in place at the 
agency to protect their staff, volunteers and service-
learners from risks due to contact with agency clients? 
Will students ever work unsupervised with clients? 

• What are the potential risks to service-learners 
of traveling to and from their homes, the campus, and the 
agency? For example, what is the rate of various crimes 
in the immediate and general vicinities of the agency? 
How and during what times of day will students travel to 
and from the campus, their homes and their service-
learning sites? Is parking provided? Is public 
transportation accessible? Are escorts needed or 
provided for staff, volunteers, or service-learners to 
safely travel from the agency to public transportation, 
parking lot, etc.? 

• What are the potential risks to agency staff and 
clients of having student service-learners on-site, and 
how might they be minimized? What are the existing 
requirements for staff and volunteers at the agency? For 
example, do they need to be fingerprinted, have criminal 
background checks, and be tested for tuberculosis or 
other communicable diseases? 

• How is risk and liability insurance provided to 
cover service-learners? Does the community agency 
cover insurance for liability, worker's compensation, 
volunteers? Does the university? 

• How is confidentiality of students, agency 
staff, and clients assured? Are there policies in place for 
confidentiality? Are pictures or video allowed? 

 
3. THE COMPONENTS OF A RISK  
MANAGEMENT PROGRAM 

 
Under the Occupational Safety and Health 

Administration's (OSHA) Voluntary Safety and Health 
Program Management Guidelines (1989) an effective 
occupational safety and health program includes four 
essential elements: 1) management commitment and 
employee involvement; 2) work-site examinations to 
identify existing hazards as well as conditions and 
operations in which changes might occur to create 
hazards; 3) hazard prevention control; and 4) safety and 
health training. OSHA's experience in the Voluntary 
Protection Program has illustrated that effective 
management of safety and health protection improves 
employee morale and productivity, as well as 

significantly reduces workers' compensation costs and 
other less obvious costs of work-related injuries and 
illnesses.  

With these points in mind, consider having the 
following policies, procedures, and processes in place 
for your service-learning program: 

• Site Visits  
Visit with your community partner and talk through 

the questions posed above. Visit the community settings 
and organizations that your students are likely to be in 
during their service-learning experience. Visit these 
settings and organizations when your students are there, 
to gain first-hand knowledge of the situations in which 
they are serving and learning. Meet with your 
community partners after the service-learning experience 
has ended, to "debrief" about the experience from the 
risk management and liability standpoints - what would 
you do differently next time? 

• Supervision 
Having adequate supervision on-site and in the 
community - whether an agency staff member, 
volunteer, campus faculty or campus staff - will help to 
create a safe environment for service-learning. Be sure 
that direct supervisors are oriented to risk management 
and liability issues, in part to assure that the policies of 
your academic institution and the community partner are 
being adhered to. 

• Orientation 
Risk management and liability issues should be covered 
in your program's orientation for participating students, 
faculty, and community partners. Students should be 
made aware of risks associated with service-learning, but 
they should be presented in context so as not to unduly 
frighten or intimidate students from participating. It can 
be helpful to involve students who have previously 
completed the service-learning experience as speakers 
during the orientation. Students often feel more 
comfortable about the situation if they hear about the 
positive experiences of other students. It is especially 
important to spend time orienting and training students 
in safety procedures, potential dangers, and the risk 
management policies of your school and community 
partners. Time spent here can help avoid future problems 
by bringing potential problems to the attention of 
participants. When orienting students and community 
partners, provide a summary handout or handbook with 
checklists, appropriate forms, and emergency contact 
information. 

• Communication 
Open, frequent, and clear lines of communication are 
key to reducing risks in service-learning. For example, 
your community partners and your students should know 
whom to contact at the campus should any questions or 
emergencies arise in the course of the service-learning 
experience. Frequent communication with your 
community partners should help to identify any issues or 
concerns and to address them early in the process. 

• Transportation 
Campuses will often state that they are not liable for 
students getting to and from community sites in an 
informed consent form. When the vehicle is either 
university-owned or operated, or community agency-
owned or operated, these practices can minimize risks to 
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both student and driver: screen all drivers, follow safety 
precautions, develop and implement training for all 
drivers, ensure all vehicles are safe (with appropriate 
maintenance schedules), provide policies for passenger 
behavior. When using public transportation, determine 
the risks of bus, train, subway, walking, etc. and take 
actions to minimize these risks (e.g., by organizing car 
pools, pairing students who travel by bus together to the 
site). 

• Risk Management Policy and Procedures 
Manual 
We recommend developing a risk management policies 
and procedures manual that contains these documents: 

1. Mission, goals, and objectives of the service-
learning program. 

2. Mission, goals, and objectives of the risk 
management program 

3. Relevant policies and procedures: for example, 
liability policies, sexual harassment policies, human 
subjects protection policies, campus or community 
vehicle policy, state and federal laws and regulations. 

4. Contact information for campus and 
community partner staff dedicated to the process of risk 
management and liability. 

5. List of approved service-learning and 
volunteer placements with contact information, 
highlighting any site-specific forms that need to be 
completed (i.e., fingerprinting, background checks). 

6. Service-learning agreement or contract. This 
form should explicitly state the legal roles and 
responsibilities of community and campus participants 
engaged in service-learning. 

7. Student-related documents: a checklist of 
forms that students need to review and/or complete, and 
copies of those forms. For example, waiver, permission, 
and informed consent forms. Informed consent forms 
should provide clear, explicit information about the 
possible dangers of the service-learning experience, 
should be obtained in writing and kept on file. A good 
informed consent procedure can minimize the possibility 
of a claim alleging that the harmed party would not have 
participated in the experience had s/he been better 
informed of the risks (Tremper & Kostin, 1997). 

8. Community partner-related documents: A 
checklist of forms that community partners need to 
review and/or complete, and copies of those forms. For 
example, service-learning contracts, memoranda of 
understanding, certificate of liability insurance, log to 
keep track of student hours and participation on-site. 

9. "Do's and don'ts" safety and risk management 
tips for service learners - a list ideally developed 
collaboratively by representatives of both the community 
and campus. "Do's and don't" might include, for 
example, do not give agency staff or clients a ride in a 
personal vehicle, do not engage in any type of business 
with clients during the term of your service, do not give 
or loan a client money or other personal belonging. 

• Loss Reporting File  
Often overlooked, this file should include records of 
accidents, safety violations, training and orientation 
sessions and participant sign-up sheets. It also should 
include any relevant maintenance schedules (e.g., for 
campus vans used to transport service-learning students), 

reports of recommended corrective actions, claims 
reports, and so forth. Having this resource available can 
serve to diminish future violations and/or injury. 

• Special considerations for international 
service-learning experiences 
Although many of the above-mentioned issues also 
apply in international settings, there are some additional 
issues to consider. For example, students must adhere to 
health and safety requirements related to the country 
they will be visiting; there may be vaccines or 
prophylactic medications required before entry. The pre-
travel orientation should include such information as 
local customs and laws, contact information for the U.S. 
embassy in the country, medical services available and 
plans for communicating regularly with the school while 
on-site. 
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ABSTRACT 
 

To survive and achieve to develop their activities in an increasingly competitive environment, small and medium 
sized enterprises have to increase their competitiveness and, progressively, reduce their operational cost.  

It is necessary to develop a flexible and unique management system for these enterprises to use to integrate all 
management systems or activities related to quality, safety and environmental issues and improve their overall business 
performance and also to get prepared for certification according to the relevant international standards.  

The output of this paper is a route map of activities for the implementation of the integrated management system, 
incorporating tools addressing specific management areas using quality, safety and environmental issues to focus them. 
The route-map has the potential to integrate the overall management activities of an organization. The tools of the route 
map were partially implemented to two SMEs, giving positive validation of the concepts. 

 
Key words: standard, SMEs, route map, safety, quality.  
 
 
1. INTRODUCTION 
 

SMEs are and will be a significant task to work on 
within the framework of the European Union economy. 
The global trend indicates that today and in the near 
future big firms will be united to giant enterprises, which 
will dominate the market, influencing all its parameters 
and determining prices.  

Due to these reasons, SMEs will face many perils 
and run the risk of being excluded from the marketplace, 
if they do not manage issues like cost reduction and 
competitiveness immediately and in the most efficient 
way. 

The European Union's concern about enabling 
SMEs to survive in a rather difficult business 
environment is very obvious. It is important to mention 
that:  

• In the 1996 British Quality Foundation & 
EFQM edition of the Business Excellence Model and the 
process of Self Assessment, special guidance for Small 
Businesses is provided for first time. 

• The Regulation (EEC) 1836/93 for Eco-
Management and Audit Scheme (EMAS) gives emphasis 
to the way that it can be implemented to SMEs. 

• Most of the Research Programs funded by the 
European Union provide opportunities for projects that 
deal with SMEs development and their performance 
improvement  

Additionally, management system standards like the 
ISO 14004: 2005 "Environmental Management Systems 
- General Guidelines on Principles, Systems and 
Supporting Techniques" and the BS 8800: 1996 "Guide 
to Occupational Health and Safety Management 
Systems" make special reference to their applicability to 
SMEs. 

Quality, safety and environmental issues reflect all 
aspects of competitiveness. More precisely: 

• the concept of Quality Management, as a 
means to achieve benefits for all stakeholders groups 
through sustained customer satisfaction (ISO 9001: 2008 

"Quality Management Systems - Guidelines"), 
• Safety, as a management field for controlling 

and reducing all kinds of losses and the relevant cost 
• Environment, as a synthesis of internal and 

external parameters to be managed for the benefit of 
both the organization and the society create, in synergy, 
a triangle basis for developing a management system that 
SMEs need and are able to implement and which can be 
extended to serve the overall management needs of these 
enterprises. 
 
2. DEVELOPMENT OF AN INNOVATIVE 
UNIQUE GENERIC SYSTEM FOR MANAGING 
QUALITY, SAFETY AND ENVIRONMENTAL 
ISSUES 
 

By examining the special characteristics and needs 
of SMEs, among which the necessity for cost-effective 
management systems and procedures and the limited 
resources are the most critical ones, the importance of 
establishing and using management systems that unify a 
number of issues in these organizations becomes very 
obvious. 

Although a number of articles have addressed the 
IMS approach for quality, safety and environmental 
issues, no generic management basis has been 
established yet for SMEs. Standards, models and 
regulatory documentation demonstrate a structural 
relationship between the management methodologies of 
these three issues but there is a big difference between 
their objectives and orientation as they appear to be put 
in practice at the moment: 

• Quality management basically aims at 
satisfying customer expectations and needs 

• Safety management primarily aims at fulfilling 
legal obligations 

• Environmental management aims at proving 
the existence of a social responsibility. 

By integrating these issues through the development 
of a unique management system and a common 
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framework of objectives, a significant aid is provided for 
SMEs to achieve competitiveness and continuous 
improvement targets.  

 
3. PREPARATION OF SMES FOR ISO 9000 AND 
ISO 14000 CERTIFICATION 

 
ISO 9001 and ISO 14001 certification is very 

important to SMEs for various reasons: 
• It provides strong marketing tools to these 

companies that really need them 
• It increases their products or services reliability 
• It creates a sound background for culture 

change 
• It produces "formal paths" of communication 

to SMEs where the high rate of informality could cause 
problems 

• It gives SMEs the opportunity to become 
suppliers of bigger organizations which consider such 
certification a requirement for starting a collaboration 
with a supplier 

• It upgrades their image to all groups of 
stakeholders. 

 
4. INCREASE OF SMES ORGANIZATIONAL 
FLEXIBILITY 

 
An advantage of SMEs is that their size helps them 

maintain their flexibility. Apart from that, the 
organizational structure is a critical parameter for an 
organization's flexibility. By integrating management 
systems eventually a lean-structured cross-functional 
process-oriented organization is gradually formed.  

Fewer horizontal functions substitute separate 
vertical ones and fewer people are needed while more 
activities are accomplished. The IMS route-map 
implementation should lead SMEs to create more 
flexible organizational structures and increase their 
efficiency. 

 
5. REDUCTION OF SMES OPERATIONAL 
COST 

 
Quality, safety and environmental management 

systems provide cost reduction benefits to companies, 
through: 

• minimization of cost of non – conformity 
• improvement of productivity 
• continuous reduction of losses and of the 

relevant cost 
• improvement of process management 
• implementation of preventive actions instead of 

corrective actions 
The synergy achieved by integrating these 

management systems will multiply the benefits 
mentioned above. The IMS route-map will additionally 
help SMEs control their overall operational activities 
more effectively and efficiently through specific tools. 
 
 
 
 

6.  ESTABLISHMENT OF MECHANISMS FOR 
SMES CONTINUOUS ASSESSMENT OF 
ERFORMANCE IMPROVEMENT 

 
Based on the eight quality management principles 

and the principles of Business Excellence Model, the 
IMS route-map introduces ideas and techniques of 
continuous improvement assessment that suit SMEs.  

It must be mentioned that SMEs needs for 
performance assessment are different from these of big 
enterprises; for SMEs, parameters like time and response 
speed are much more critical, as their time horizons are 
inevitably shorter and their financial and other resources 
are limited.  

Their assessment system must continuously monitor 
their overall performance, giving them the possibility to 
take immediate action as soon as problems or system 
deficiencies occur. 

 
7.  INCREASE OF SMES COMPETITIVENESS 

 
The combination of organizational flexibility, 

operational cost reduction and continuous total 
performance improvement assessment will increase 
SMEs competitiveness dramatically. 

An IMS route-map can act as a platform for the 
development of a new management style that will be 
based on: 

• simplified purposeful procedures  
• value-adding process planning 
• front-line management practices 

 
7.1. Inducing vertical subcontracting: the korean way 
 

Korea's experience is of special interest since the 
rapid development of its subcontracting system allowed 
the SME sector to greatly expand its role in 
manufactured output and exports in a relatively short 
period- the two decades since the mid 1970s. The radical 
change in industrial size structure during that period was 
partly a result of the changing composition of industrial 
output by sector, and partly due to a policy imperative to 
spread the fruits of industrial growth more widely (Baek, 
1992). The later shift from low-wage strategy a 
development model in which interfirm networks gained 
importance (Cho, 1995, 2) also played a role. A dense 
subcontracting system was built on cultural, economic 
and policy factors, and on direct incentives. Many 
linkages rest on mutual trust and interpersonal respect 
based on social relationships, such as common schooling 
and regional or family background (Cho, 1995, 13). At 
the same time, market forces encouraging subcontracting 
were complemented by government policy and pressure. 
Some of the new small firms are spin-offs from the large 
enterprises for which they subcontract, while others have 
arose independently. Legislation enacted in 1982 
specified the SME industries to be promoted, excluded 
large firms from activities reserved for small ones and 
promoted subcontracting (Cho, 1995, 4). Since the late 
1980s, externalization (transfer of production activities  
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formerly handled within the large firm) to small 
subcontractors occurred rapidly. Korea has thus been 
unusually vigorous in its promotion and mandating of 
large-small linkages, as it has in overall SME support 
policy, where a wide variety of institutions and programs 
cater to perceived needs. Kim et al (1995, 18) report that 
though few of these publicly provided services were 
given high average ratings for importance by a set of 
SME exporters in four industrial sectors, virtually all 
firms reported considerable benefit from one or another 
of the sources. The support system as a whole thus 
appears to have a considerable positive impact. The 
question from the perspective of other countries is the 
extent to which Korea's policy of mandating and 
nurturing increased vertical linkages might be replicable.  
 
8. STEPS OF THE IMS ROUTE-MAP  
DEVELOPMENT PROCEDURE 
 

As the IMS route-map addresses to SMEs, the first 
issue that had to be studied and analyzed was their 
special characteristics and needs as they were indicated 
by the literature review and the data collection 
procedure. The analysis led to two groups of results: 

• results showing how these organizations 
operate, their overall weaknesses and strengths and what 
they actually need and the IMS route-map should 
provide 

• results related to the way quality systems are 
usually implemented to SMEs and to the characteristics 
of these systems. 

The former group of results strongly influenced the 
content of the IMS route-map as the input of the user 
group, whereas the latter group of results influenced the 
structure of the IMS route-map and the points related to 
its applicability. 

A very important aspect of the IMS route-map 
development procedure was the design and development 
of a number of particular tools to be implemented within 
its framework, or even independently. 

 
9. IMS ROUTE-MAP TOOLS DEVELOPMENT 

 
The particular tools of the IMS route-map aim at: 
• introducing a systems approach to areas that, 

generally, are not managed that way in SMEs 
•  fulfilling the needs of SMEs 
• satisfying the requirements of the applied 

standards 
 
 

• providing simple, cost-effective ways for 
SMEs to cope with specific issues, by integrating 
activities 

• facilitating the IMS implementation in SMEs 
The development of each tool was based on the 

following axis: 
• determination of the areas of concern to be 

addressed by the tool, that would ultimately specify its 
aims 

• identification of the standards requirements to 
be met by the implementation of the tool 

• design of the tool, by modifying the content of 
its particular step or phase and the sequence between 
them, based on the expected final output of the tool. 

The priority of the tools introduction within the 
framework of the IMS route-map was determined by the 
integrated basis of quality, safety and environmental 
management standards.  
 
10. CONCLUSIONS 
 

The fundamental elements of the paper were: 
• the special characteristics of SMEs and their 

needs for survival and development, as they were 
determined by the literature review and the analysis of 
the results of the relevant standards  

• the quality, safety and environmental 
management principles and the requirements and / or 
guidelines of the relevant standards. 
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ABSTRACT 
 

CoCoNet is the abbreviation for a research project called in full as "Towards COast to COast NETworks of marine 
protected areas, coupled with sea-based wind energy potential" funded under the OCEAN.2011-4 theme of the 
European Union's Seventh Framework Programme (better known as FP-7 project). This collaborative project comprises 
39 partner institutions from 22 countries, including Romania. Environmental policies focus on protecting habitats that 
are considered valuable because of the biodiversity they encompass. Such policies also aim at producing energy in 
cleaner ways. The establishment of Marine Protected Area (MPA) networks and installation of Offshore Wind Farms 
(OWF) are important ways to achieve these goals. The scope of this paper is to highlight work packages (WP) 
established within CoCoNet Project – on one hand and, on the other hand, pointing out Romanian partnership to 
CoCoNet Project.  
 
Keywords: CoCoNet Project, Black Sea, Mediterranean Sea, marine protected areas, work package. 
 
1. INTRODUCTION 

 
CoCoNet Project is intended to identify groups of 

putatively interconnected MPAs in the Black and the 
Mediterranean Seas, shifting from local (single MPA) to 
regional (Networks of MPAs) and basin (network of 
networks) scales.  

Amongst other points of interest, one is that coastal 
focus will be widened to off shore and deep sea habitats, 
comprising them in MPAs Networks.  

These activities will also individuate areas where 
Offshore Wind Farms might become established, 
avoiding too sensitive habitats but acting as stepping 
stones through MPAs.  

Socioeconomic studies will integrate to knowledge-
based environmental management aiming at both 
environmental protection (MPAs) and clean energy 
production (OFW).  

Current legislations are crucial to provide 
guidelines to find legal solutions to problems on the use 
of maritime space.  

Two pilot projects (one in the Mediterranean Sea 
and one in the Black Sea) will test in the field the 
assumptions of theoretical approaches.  

The Project covers a high number of countries and 
involves researchers covering a vast array of subjects, 
developing a timely holistic approach and integrating the 
Mediterranean and Black seas scientific communities 
through intense collective activities and a strong 
communication line with stakeholders and the public at 
large [1]. 

It is project aim to produce the guidelines to design, 
manage and monitor network of MPAs, and an enriched 
wind atlas for both the Mediterranean and the Black 
Seas, creating a permanent network of researchers that 
will work together also in the future, making their 
expertise available to their countries and to the European 
Union. 

CoCoNet project has two main themes [1]: 
• to identify prospective networks of existing or 

potential Marine Protected Areas (MPAs) in the 

Mediterranean and the Black Sea, shifting from 
a local perspective (centred on single MPAs) to 
the regional level (network of MPAs), and 
finally to the basin as a whole (network of 
networks). The identification of the physical 
and biological connections that exist among 
MPAs will then be useful to elucidate the 
patterns and processes of biodiversity 
distribution. 

• to explore where offshore wind farms might be 
established, producing an enriched wind atlas 
for the Mediterranean and the Black Sea. 

 
2. WORK PACKAGES WITHIN COCONET  

 
There were several work packages (WP) established 

within CoCoNet Project that have been split between 
participants, as follows [1]:  
 
2.1. WP1-Management 
 
Objectives: 

• manage, direct and monitor the overall 
performance of the project; 

• ensure the correct progress of the work so that 
the results of the project adhere to the contract's 
requests; 

• ensure the adequate collaboration between the 
groups working in different work packages 
within the project; 

• coordinate the production of deliverables and 
the organization of meetings both in person and 
video conferences; 

• prepare and deliver the periodic progress report 
to the Commission; 

• administer project resources; 
• supervise the decision making process 
• create the processes, templates and instructions 

to control the performance of work plans and 
resources with the support of a specific web 
based system; 
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• identify and resolve any problems or disputes 
that may arise within the Consortium. 
 

2.2. WP2-Habitat mapping: state of knowledge, data 
integration and scenarios of protection 

 
The knowledge about habitat distribution and extent 

is critical for the conservation and the management of 
the marine system. Both data gathering through habitat 
mapping and data management systems to synthesize the 
available information about habitat distribution at large 
scale require the use of standard approaches to enable 
comparisons between areas and organize information in 
maps and reports. Different key concepts and methods in 
dealing with marine habitat classifications and mapping 
have been developed by different disciplines (e.g. marine 
geologists and ecologists, oceanographers). A unifying 
approach focusing on the definition of habitats, the 
measurable features to describe it, the scale and the 
hierarchical framework to be used is needed to provide 
up to date information about the distribution of habitats 
at basin scale. 

WP2 will integrate EU and non-EU experience in 
habitats classification and mapping from coastal areas to 
the deep sea. Data about habitat distribution will be 
combined to a spatial analysis of the distribution of 
overlapping threats at basin scale. Data modelling will 
further refine results of habitat mapping and use of site 
selection algorithms will combine results from different 
disciplines to provide scenarios of MPA networks. 

The aims of WP2 are: 
• revision of habitat classification schemes and 

identification of common criteria to combine 
multi-scale geological, oceanographic and 
biological data to derive habitat maps at 
Mediterranean and Black Seas scales; 

• review of habitat distribution and extent 
including the Mediterranean and Black Sea. 
Data mining, integration and production of a 
multi scale habitat cartography, with specific 
focus for habitats included in the Habitats 
Directive (92/43/EEC); 

• mapping of human threats in coastal and deep 
sea habitats at basin scale; 

• use of site selection algorithms to combine 
results coming from the contribution of 
different disciplines (i.e. modelling approaches) 
to provide scenarios of MPA networks at 
Mediterranean scale. 

 
2.3.  WP3-Species assemblages, dispersal and 
connectivity 
 
Objectives are defined through questions: 

• what is the existing network of connectivity? 
• what is the current effectiveness of the present 

network of MPAs for favouring conservation? 
• what knowledge is lacking and how to expand 

the existing network of MPAs in order to 
maximize the conservation of biodiversity and 
resilience of ecological communities, while 

minimizing the surface area of the zones 
restricted to fishing? 
 

2.4.  WP4-Scenarios of environmental change (natural 
and human induced). Role and response of the MPAs 
 
Objectives: 

• to provide further insights into the role of 
climate variability and climate change on ocean 
circulation and coastal risks and into their 
implications for establishment of marine 
protected area (MPA) networks; 

• to examine the main biotic and human driven 
non-biotic changes and threats that can affect 
the functioning and dynamics of Mediterranean 
and Black Sea ecosystems and determine their 
implications for establishment of MPA 
networks; 

• to synthesize the ecological, social and 
economical benefits of existing MPAs, to assess 
the correlates of their management 
effectiveness, to guide the establishment and 
management of MPA networks and to develop a 
framework for assessing MPA networks 
effectiveness. 

 
2.5. WP5-Offshore wind farms and marine protected 
areas 

 
The work is organized around the following main 

objectives: 
• estimation of the available offshore wind power 

potential over the Mediterranean and Black 
Seas under current and future climate 
conditions; 

• review of existing and in-progress technology 
of offshore wind farm elements and of offshore 
wind turbines; 

• development of a smart wind chart for the entire 
Mediterranean and Black seas. 

 
2.6. WP6-MPA Socio-Economic Issues, Management 
and Legislation 
 

The overall objective is to develop management 
strategies for implementing regional networks of MPAs, 
including measures such as common designation 
guidelines, management best practices, regulations to 
limit and ban certain practices, dynamic closures of 
certain areas, and legal approaches for managing MPAs 
in trans-boundary areas and high seas. 

In particular, the objectives are: 
• develop economic cost benefit analysis using 

The Economics of Ecosystems and 
Biodiversity (TEEB) methods for MPA 
networks in the Mediterranean and Black Seas; 

• improve methods and evidence-based tools for 
developing holistic planning and integrated 
management approaches and practices for the 
implementation of regional or sub-regional 
networks of MPA; 
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• evaluate ecological impact assessment methods 
for offshore wind energy potential in the 
Mediterranean Sea and the Black Sea; 

• support the EU maritime spatial planning 
initiative and the development of an Integrated 
Maritime Policy in the Mediterranean and 
Black Sea basins; 

• contribute to commitments under 
international/regional conventions and 
agreements as well as EU regulations and 
policies regarding the implementation of 
regional or sub-regional networks of MPAs. 

 
2.7. WP7-Information Dissemination and Outreach 
 
Objectives: 

• to disseminate the outputs (information, data, 
know-how, etc) made by the Project to all 
stakeholders in the most effective ways; 

• to raise awareness of the stakeholders, 
particularly policy makers, students, and 
teachers, on MPAs and wind energy; 

• to create and provide a common platform to 
facilitate the dialogue between all stakeholders. 

 
2.8. WP8-Training and capacity building 
 
Objectives: 

• background for the WPs through Focus 
workshops; 

• training students, researchers and stakeholders 
through summer school courses. 

 
2.9. WP9-Data Management and synthesis 
 

This work package is designed to provide a 
common framework for data management and final 
synthesis of the outcomes of WPs 2, 3, 4, 5, 6, 10 and 
11.  

A decentralized ‘Geodatabase’ and a WEBGIS 
system will be the linking tool for all partners, regions 
and thematic research (WPs 2-6, 10, 11).  

It will involve the entire consortium at different 
levels in topics such as data provision, GIS products, 
GIS interpretation, data archiving and data exchange. 

The work is organized around the following main 
objectives: 

• assess the rules for data and metadata sharing 
between partners reviewing the existing 
common European protocols and standards; 

• design and implement data repositories (Marine 
Geodatabase) to store and retrieve the spatial 
data collected during the lifespan of the project 
for the Mediterranean and Black Sea areas and 
for the pilot study areas; 

• develop the ‘COCONET WebGIS’ to integrate 
the multi scale GIS layers derived from WP 2-
6, 10, 11 in all regions; 

• develop an analytical and evaluative framework 
for designing, managing and monitoring 
regional networks of MPAs, including wind 

farms, centered on science-based guidelines, 
criteria, concepts and models; 

• deliver digital maps of networks of marine 
protected areas and offshore wind farms 
(OWF) as final synthesis of the outcome from 
all Wps. 

 
2.10. WP10-Black Sea Pilot Project 
 
Objectives: 

• acquisition of new geological, biological, 
oceanographic data in the Black Sea pilot area 
relevant for MPAs implementation; 

• identification, within the pilot area, of key 
variables regarding connectivity (distance, size, 
strength and direction of currents, propagate 
supply) to be considered in the design of MPA 
network; 

• definition of what is specific to the Black Sea 
and what can be generalized at larger scale 
within management plans in terms of 
connectivity processes; 

• examination of the main natural and human 
driven causes of changes, potentially affecting 
the functioning and dynamics of the Pilot Areas 
ecosystems and description of potential 
implications for establishment of MPA 
networks; 

• assessment of ecosystem resilience and 
implications for MPA network design and 
management in the Pilot area; 

• evaluation of the impacts of offshore wind farm 
development on ocean circulation, wave action, 
bottom morphology and marine life near or 
within the pilot network of MPAs in the pilot 
area; 

• identification of socio-economic impacts caused 
by offshore wind farm development within the 
network of MPAs; 

• transfer of the field data generated by WP10 to 
the WP9 ‘Geodatabase’, and to contribute via 
other WPs to the final synthesis. 
Note: Romania is designated as work package 
leader for this part of CoCoNet Project. 

 
2.11.  WP11-Mediterranean Sea Pilot Project 
 
Objectives: 

• acquisition of new geological, biological, 
oceanographic data in the Mediterranean Sea 
pilot area relevant for MPAs implementation; 

• identification, within the pilot area, of key 
variables regarding connectivity (distance, size, 
strength and direction of currents, propagate 
supply) to be considered in the design of MPA 
network; 

• definition of what is specific to the 
Mediterranean Sea and what can be generalized 
at larger scale within management plans in 
terms of connectivity processes; 

• examination of the main natural and human 
driven causes of changes, potentially affecting 
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the functioning and dynamics of the Pilot Area 
ecosystems and determine their implications 
for establishment of MPA networks; 

• assessment of ecosystem resilience and 
implications for MPA network design and 
management in the Pilot area; 

• evaluation of the impacts of offshore wind farm 
development on ocean circulation, wave action, 
bottom morphology and marine life near or 
within the pilot network of MPAs in the pilot 
area; 

• identification of socio-economic impacts caused 
by offshore wind farm development within the 
networks of MPAs; 

• transfer of the field data generated by WP11 to 
the WP9 Geodatabase, and to contribute via 
other WPs to the final synthesis. 

 
3. ROMANIAN PARTICIPATION TO 
SUSTAINABLE DEVELOPMENT OF BLACK SEA 
REGION – PART OF COCONET PARTNERSHIP  
 

At governmental level, Romania is part of 
following regional agreements [2]: 

• Bucharest Convention, 1992 
• Odessa Ministerial Statement, 1993 
• Regional Contingency Plan  
The following EU Directives were transposed, 

implemented and enforced within the national legislation 
through main activity of Romanian Naval Authority 
(RNA) [3]: 

• Directive 2000/59/EC on port reception 
facilities for ship-generated waste and cargo 
residues; 

• Decision 2850/2000/EC setting up a 
Community framework for cooperation in the 
field of accidental or deliberate marine 
pollution; 

• Directive 2005/33/EC amending Directive 
1999/32/EC as regards the sulphur content of 
marine fuels; 

• Directive 2002/59/EC of the European 
Parliament and of the Council of 27 June 2002 

As part of CoCoNet partnership, Romania is 
participating through two entities: 

a) GeoEcoMar- is a research and development 
institute of national interest, performing research in 
geology, geophysics and geo-ecology, with focus on 
aquatic, marine, deltaic and fluvial environments.  

GeoEcoMar represents an excellence pole in the 
marine research, working as a European and national 
center for studies of sea-delta-fluvial macro systems. A 
modern research infrastructure, based mainly on marine 
and fluvial research vessels, enables Geoecomar to 
undertake complex, multidisciplinary studies in national 
and international programs [6].  

b) Romanian Marine Research Institute (RMRI) has 
been established in 1970 by unification of the existing 
marine research institutes from Romania, at that time. In 
1999, it was reorganized as National Institute for Marine 
Research and Development ‘Grigore Antipa’ (NIMRD), 

according to the Governmental Decision 686/ 
23.08.1999. 

NIMRD carries out basic, applied and technological 
research, crucial for the knowledge, protection and 
management of the coastal zone and marine 
environment, oceanography, marine and coastal 
engineering, also management of the marine living 
resources in the Black Sea and Planetary Ocean. 

Along Romanian maritime shore there is only one 
reserve Marine - Marine Seaside aquarium Vama Veche 
- 2 Mai (declared as Special Area of Conservation under 
the European ecological network Natura 2000, 
ROSCI0269) in custody of NIMRD ‘Grigore Antipa' [7]. 

Promotion/dissemination of CoCoNET project has 
been carried out proactively by NIMRD ‘Grigore 
Antipa’ in the frame of the last celebration of the 
International Black Sea Day aiming to the broad 
dissemination of the importance of the Black Sea 
ecosystem to the public and also to the decision makers 
for better results and more effective management of the 
Black Sea living resources. 
 
4. CONCLUSIONS  
 

Being well known as typical continental sea, under 
a continuous stress caused by  human factors (pollution, 
overexploitation of resources, tourism and so on), 
finding solutions for the Black Sea to that continuous 
stress and restore marine environment is imperative and 
one way is the creation of marine protected areas 
(MPAs) [3]. 

It is important, however, that these protected areas 
are not simple scattered oases but work as a whole.  

FP-7 project - CoCoNet (inter-coastal networks of 
marine protected areas) in which NIMRD ‘Grigore 
Antipa’ and GeoEcoMar are partners, aim to 
interconnect individual marine protected areas through 
consistent management practices, and to promote 
education and cooperation between the various 
administrations and people who work and live in these 
areas.  
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ABSTRACT 
 

The review on shipping accident analysis indicates that the current approaches have only targeted certain 
perspectives. However, the occurrence of shipping accidents commonly depends upon various shortfalls in different 
segments of safety barriers. The principal focus of this paper is to provide an analysis, which aims at clarifying the 
probability and importance of the various factors leading to a shipping accident.  
 
Keywords: accidental loads, collision, fault tree, navigational area, human factor. 
 
1. INTRODUCTION 
 

In the last decade, international maritime authorities 
have made significant efforts to promote safety at sea in 
the shipping transportation industry. 

Especially, the International Maritime Organization 
(IMO) encouraged the establishment of a safety 
management system (SMS) in shipping companies in 
accordance with the international management code for 
the safe operation of ships and for pollution prevention 
(ISM Code). 

The first international probabilistic concept for 
damage stability regulation, Resolution A, 265, IMO 
(1971), was adopted by IMO in 1971. The probabilistic 
rules were an optional alternative to the deterministic 
passenger vessel regulation in the SOLAS Convention 
and were developed for passenger vessels only.  

The passenger vessel regulation was in 1990 
followed by the adoption of subdivision and damage 
stability rules for dry cargo vessels, SOLAS (1990), also 
based on the probabilistic concept. While the 
probabilistic rules for cargo vessels are generally based 
on the same overall principles and damage statistics as 
the passenger vessel rules, there are some differences, 
specially the treatment of the vertical extent of damage.  

The damage statistics for the passenger vessel A, 
265 regulation is based on data collected for casualties 
occurring in the 1950’s and 1960’s and covers vessels 
commonly used at that time. These vessels were 
considerably different from the ship design of today. 
Many of the vessels were often designed with many 
decks.  

Even though the shortcomings of the statistics were 
well known, the same statistics was used for the dry 
cargo regulation in 1990. The shortcomings mainly arise 
from lack of updating the statistics, but also from the fact 
that the statistics is based on only 296 ship collisions.  

The International Maritime Organization (IMO) is 
currently seeking to harmonise the damage stability 
regulation for all types of vessels using the probabilistic 
damage stability concept. 

 Following, introduction of the probabilistic damage 
stability requirements of dry cargo ships, SOLAS Part 
B-l, IMO put on their work program for harmonisation 
of all damage stability requirements in SOLAS, using a 
probabilistic concept of survival.  

The main framework of these new harmonised 
regulations should follow the concept of SOLAS Part B-
l, but include the main features of IMO Res, A,265 and 
the current deterministic regulations of SOLAS Chapter 
8, also referred to as SOLAS 90.  

The recently published statistical reports have 
highlighted that there are still an enormous number of 
shipping accidents.  

The consequent impacts of shipping accidents 
include loss of life, marine pollution, damage to ship or 
cargo, and others.  

The factors that lead to shipping accidents can be 
human errors, technical and mechanical failures, and 
environmental factors.  

In this condition prevention of shipping accidents is 
still a focal matter of maritime interests. 

 
2. PROBABILITY OF A COLLISION 
 

When is determine the probability of a collision all 
factors related to the risk of a collision must be 
identified.  

In the present analysis a method of splitting the 
probability of a collision into two separate analyses is 
used.  

First the number of possible ship collisions is 
estimated, if no aversive manoeuvres are made.  

The result from this analysis is mostly concerned 
with the waterway and the size of the involved vessels. 
Then the causation probability which result in a collision 
event is estimated.  

The causation probability is influenced by a large 
number of factors related both to the waterway, the 
involved vessels and to the human factor.  

Methods of analyses for finding the causation factor 
may include fault trees.  

When all factors related to the risk of a collision are 
identified, they can be separated into two groups.  

• The first group contains the factors which can 
be controlled. Factors in this group may be 
denoted as risk control options.  

• The other group contains factors which cannot 
be controlled. Factors in this group are mainly 
related to the environmental conditions. 

Factors which may reduce or increase the 
consequences of the collision must be found.  
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The consequences cannot only be related to the 
structural deformation of the vessel.  

Also human safety, the effect on the environment, 
the economic consequences, the reputation of the 
shipping company and the amount and the type of the oil 
outflow may be included in this analysis.  

A way of evaluating the collision risk could be an 
analysis of the combination of the frequency and the 
consequences of collision. To bring a vessel from an 
intolerable to an acceptable situation may be performed 
by reducing the frequencies and/or the consequences of 
the collisions. By this method the risk involved in 
shipping can be compared with other transportation 
forms. 

The risk assessment or the cost-benefit analysis may 
provide a decision tool or recommendations for specific 
risk reduction measures, either preventive as vessel 
traffic systems (VTS) or protective as new design criteria 
for the structure of the involved vessels.  

Making a cost- benefit analysis could be a way of 
quantifying the consequences, in this process it is needed 
to quantify values for statistical life, pollution and 
property. The term cost-benefit refers to the costs of risk 
reduction in relation to the achieved benefits. 

The critical review on shipping accident analysis 
indicates that the current approaches have only targeted 
certain perspectives. However, the occurrence of 
shipping accidents commonly depends upon various 
shortfalls in different segments of safety barriers. There 
is an urgent need for a new approach capable of 
addressing this issue. 

In this paper it is presented an analytical framework 
based on a fault tree analysis, which aims at clarifying 
the probability and importance of the various factors 
leading to a shipping accident.  

A fault tree analysis is a logical and diagrammatic 
method to evaluating the occurrence probability of an 
accident resulting from sequences of faults and failure 
events. A fault tree analysis is useful for understanding 
the mode of occurrence of an accident. Furthermore, 
given the failure probabilities of system components, the 
occurrence probability of the top event can be obtained. 

Traditionally, it is usually assumed that the basic 
events within a fault tree are independent of each other 
and could be represented in terms of probabilistic 
numbers. 

The probability of a collision is described by a fault 
tree. If two vessels collide it is required that the vessels 
are on collision course and none of the vessels take any 
action to avoid the situation.  

The probability of no action, given that the other 
vessel as well does not act, is called the causation factor, 
which can also be defined as the fraction of the collision 
candidates, which result in an accident. 

The probability of a collision can be determined 

from the number of possible ship collisions and be 

estimated as:  

P = 1-e-N 

Where: P is the probability of a collision and N is the 
expected number of ship to ship collisions. 

N is determined using the next formula: 
 

N = causation possibility x the number of ship 
collisions 

 
The number of possible ship collisions may be 

ignored during the analysis by assuming that all vessels 
will experience the same level of traffic during their 
lifetime. This could happen if the same sizes and types 
of vessels are compared, which is the case in many 
analyses.  

 
3. RISK FACTORS IN A COLLISION 

 
The first step of the analysis is to define the system 

of interest. This means to define the structure, group the 
elements and their relationship by defining the output 
from the system and the impacts of interest. 

Determination of the probability analysis of a 
collision requires combination of knowledge and 
modelling of risk, involving human factors, the nature of 
the waterway, description and modelling of the ship 
structure deformation, global motions of the vessels and 
technical installations, both in connection with the 
waterway and on board the vessels. 

Reducing the probability of a collision may also be 
referred to as preventing the vessels from collisions. 
Preventing a vessel from accidents is one of the main 
objectives of the shipping industry, as accidents in many 
cases will result in loss of life, lost operational time, lost 
income and insurance claims from passengers, 
authorities or cargo owners. 

The factors that may influence a collision are: the 
navigational area system, the involved vessels and the 
human factor.  

The vessels cannot be analysed isolated from the 
waterway, and the ship and the waterway are a complex 
and interdependent systems that involves physical and 
human elements.  

Although, to identify factors related to risk and to 
identify where to implement actions of prevention, it 
seems to be a good separation.  

Some of the factors are difficult to change, but most 
of the factors mentioned in the following can be 
considered as risk control options, which can be used as 
parameters in cost-benefit analyses. 

 
3.1 The navigational area system 

 
The navigational area system is analysed 

considering the traffic in that particular area, the man-
agement of the navigational area system and the 
environmental conditions.  

The analysis of the traffic includes information 
about the types and sizes of passing vessels and of the 
traffic intensity. Factors describing the traffic can 
normally not be changed, as they are a result of the 
surrounding harbours.  

Most regions in the world are not restricted in 
navigation, only the rules of the sea apply. Other areas 
are equipped with a vessel traffic system (VTS) or 
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pilotage as a mandatory or voluntary system, VTSs are 
land-based marine vessel systems usually operated by 
government authorities.  

The main objective is to ensure safe navigation in 
restricted shipping areas, such as coastal waters, heavy 
traffic areas, and areas of difficult navigation. The man-
agement of the VTSs varies depending on the size and 
the navigational difficulties of the location, but 
generally the system is equipped with radars for 
location of objects and vessels and has equipment for 
inspection of navigational aids as buoys, light houses 
etc. Most VTSs have mandatory or voluntary reporting 
systems, where radio communication is often used. 

Most of the factors involved in the management of 
the traffic can be changed and they are therefore risk 
control options.  

Environmental conditions should also be 
considered. The navigational conditions may be re-
stricted because of the water depth or the complexity of 
the waterway.  

Current and wind may set the vessel, or the 
visibility can be restricted because of heavy rain, fog, 
smoke, or sea spray. In this case the complexity of the 
waterway and perhaps the water depth can be risk 
control options, whereas the other factors normally 
cannot be changed.  

 
3.2 The vessels involved  
 

The vessel analysis includes design, 
instrumentation and management. The design and the 
instrumentation are directly related to the particular 
vessel, whereas the management of the vessel may both 
be related to the crew on board and the shipping 
company.  

The International Maritime Organization (IMO) has 
laid down conventions and guidelines for education of 
the crew on board, guidelines for the equipment, and 
contingency planning for emergencies. The maintenance 
of both the vessel and the equipment on board is 
normally examined by classification societies or 
authorities at regular intervals. 

The introduction of the automatic identification 
system (AIS) on ships and on shore-based VTS stations 
may in the future have a large impact on the number of 
accidents at sea. The system makes it possible to 
identify and track vessels from other vessels and from 
shore stations. Unfortunately, the system cannot be 
reliable before all vessels are equipped with AIS 
transponders, which might take several years.  

All factors involved in describing the vessel system 
are risk control options, except for the size of the vessel. 
 
3.3 Human factor 
 

Today is well known that almost 80 percents of 
maritime accidents are based on human factors and 
human failures in managing of different activities 
onboard ships. In the same time, experts have recognized 
the importance of teamwork in almost all activities 
realized onboard ships.  

The human factors resulting in ship collisions are 
normally due to the officer on watch, but also the 

communication on board the vessel is of great 
importance.  

Multi-cultural crew with several languages makes it 
important to have one and only one language of 
communication.  

Personnel information is important for determining 
the effects of crew training and experience as well as 
such factors as fatigue or stress.  

Personnel information may also point to 
demographic sources of error. A secondary result of the 
data is identification of specific individuals as recurring 
sources of error.  

Human error has a substantial impact on the 
reliability of complex systems, and it may occur in any 
phase of design, construction or operation. Due to the 
large number of accidents caused by human error, 
success in reducing tanker risk depends directly on 
measures to improve human performance.  
 
4. THE NUMBER OF POSSIBLE SHIP 
COLLISIONS 

 
The number of possible ship collisions, is here 

defined as the number of collisions if no aversive 
manoeuvres are made.  

A method for determining the number for the 
purpose of comparing alternative routes or estimating 
the navigational difficulties of waterways has been 
presented by Pedersen (1995).  

 
4.1 The causation probability 
 

The causation probability is the fraction of the 
collision candidates resulting in an accident.  

This number can be estimated on the basis of 
statistical accident data, but another approach is to 
analyse the cause leading to human inaction or external 
failures. 

The causation probability is the conditional 
distribution of no action from own vessel, given that the 
other vessel does no act.  

The reason for no action can be separated into: 
action that is not possible or action that is possible but 
the officer on watch does not act or makes a wrong 
decision.  

These events are a mixture of mechanical failures, 
human errors or failures due to environmental 
conditions. The input ’action not possible’ is a mixture 
of mechanical failures and environmental conditions. 
The mechanical failures are engine, steering engine, 
rudder or thrusters problems. 

These failures might depend on the maintenance of 
the vessel or the experience and the education of the 
crew. 

The environmental conditions are related to the 
navigational area or location. Also sudden wind squalls 
or current might surprise the officer on watch.  

The navigational area or the location can be 
presented as both visible and invisible, the traffic 
intensity and the number of possible collision candidates 
are factors given directly from the location, but also 
other causes leading to failure states are affected by the 
location. 
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If the vessel is passing a trafficked area, the officer 
on watch will probably be more attentive and aware of 
the situation. 

The human factors such as experience and 
education are as well related to many failure states, but 
also a factor as fear of reprimands, which is not directly 
mentioned, may be of great importance.  

Many failures may arise from the lack of 
competence on board the vessel. 

 
5. CONCLUSIONS 
 

The consequence of a collision involves the 
consequences for the vessel, consequences for human 
safety or for the environment. From these may follow 
consequences for the shipping company.  

Human safety is affected by a collision in the case 
of severe damage to the vessel or where the vessel may 
capsize and lives may be lost. Minor injuries may also 
arise during the collision. 

The consequences for the vessel can be separated 
into four cases, minor and severe damage, capsizing, and 
total loss of the vessel. Severe damage is damage to the 
vessel resulting in fracture of the ship’s hull. The 
consequence is repair of the vessel, which has economic 
consequences.  

The vessel will normally be delayed and cargo 
owners or passengers might consider the use of another 
shipping company the next time.  

Fracture of the hull may also result in oil outflow 
leading to environmental consequences or stability 
problems, which may again result in capsizing of the 
vessel.  

Capsizing can be a result of severe damage, but a 
vessel may also capsize due to reduced stability in 
connection with water inflow from smaller damages. 
Capsizing might cause oil outflow and have 

environmental consequences. A result of a total loss will 
normally be both economic and problems of reputation.  

Environmental consequences arising from oil 
outflow. It can be separated into three categories: the 
consequences for the commercial industry, the 
restoration and the consequences of non-commercial 
value as loss of recreation areas, social losses and 
ecological losses. 

A collision involving environmental pollution can 
result in bad publicity. Authorities, cargo owners or 
passengers might be influenced by the press, especially 
nowadays when the political consumer is in focus. Also 
a delay of the vessel may lead to a bad reputation and 
cargo owners or passengers might consider the use of 
another shipping company the next time. A bad 
reputation is normally followed by economic 
consequences. 
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Today, Belgrade Agreement (August, 18, 1948) is, with minor revisions, the official document that regulates the 
navigation on the Danube. The Convention is not unfavorable to small Danube riparian states, but the undiplomatic and 
unceremonial treatment applied to the great Western powers (especially Great Britain, France and the United States) 
when the text was drafted and voted had serious consequences on trade and navigation on the Danube. The economic 
spoliation of the small Danubian communist countries by their Soviet “comrade”, and the manner in which Stalin 
circumvented the principles of the Belgrade Convention along with his conflict with the Jugoslavian leader, Tito, 
managed to negatively affect the navigation on the Danube. The Danube’s “Thaw”, occurred after Stalin’s death (after 
1953), managed to partially correct the wrong that had been committed – the Danube’s removal from the great 
international commercial routes. 
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1.  INTRODUCTION 
 

In 1945, the same year the Allies achieved their 
military goals through the capitulation of Germany and 
Japan, the war coalition fell apart and misunderstandings 
between the Great World Powers – United States, Great 
Britain and The Soviet Union – began to determine the 
new world policy. In fact, the crisis between East and 
West was triggered by the problematic status of the 
European regions declared “free” by the Red Army. 

Without taking account of the Western sensibilities, 
Moscow considered opportune to export communism in 
Eastern Europe at that time. Previously, on a diplomatic 
level, Stalin tried to quench the fears and precautions of 
his Western allies. “We don’t have – stated the soviet 
leader on November 6, 1941 – and we shall never have a 
war objective aiming towards imposing our regime and 
will on the Slavic people or the other European nations 
that count on our help” [1]. 

However, during the war, Stalin’s perceptions had 
changed and, in the course of major conferences 
(Tehran, Yalta and Potsdam) or unofficial meetings, the 
communist leader was able to impose his views in front 
of the Western allies who so eagerly ceded territories to 
Kremlin’s army and propaganda. 

Furthermore, the United States and the Great 
Britain didn’t even have a common standpoint 
considering the means to counter the Soviet influence. 
While the president of the United States, F. D. 
Roosevelt, was determined to support international 
moralism based on the democratic principles of state 
sovereignty, ethically hostile to the concept of dividing 
the world into spheres of influence, Winston Churchill, 
the British Prime Minister, in the spirit of “realpolitik”, 
embraced this kind of delimitation – as we can see from 
the agreement between Churchill and Stalin, concluded 
after the British Prime Minister’s visit to Moscow (9-17 
October 1944). London considered that the only way to 

save some countries was sacrificing others to their 
greedy Eastern ally. The discussions seem to have 
continued also during the famous meeting between the 
three great leaders – F.D. Roosevelt, W. Churchill and 
I.V. Stalin – at Yalta (February 1945), although in recent 
years, international and Romanian historians tend to 
deny the existence of such negotiations. 

Moscow’s policy “a faits accomplish” transformed 
the conflict between East and West, from a mere 
diplomatic dispute between the two global superpowers, 
into a fierce existential struggle between two social 
systems and ideologies (communism versus capitalism) 
which could not come through without the triumph of 
only one camp. Therefore, what happened within the 
Danube Conference, held between July 30 and August 
18, 1948, in the capital of Jugoslavia, went beyond the 
normal understanding of the international negotiations. 
Our study does not aim to legaly analyze the Soviet 
project or the western contradictions, but the manner in 
which these works were carried out, especially, the 
consequences of the Belgrade Agreement on the 
navigation on the Danube river [2]. 

 
2.  PRELIMINARIES OF THE BELGRADE 
DANUBE RIVER CONFERENCE 
 

Establishing communist totalitarianism in Eastern 
Europe was a process that took place on two levels that 
were almost inseparable: imposing the communist 
totalitarianism in the countries and the formation of the 
“anti-imperialist and democratic camp” at first, which 
afterwards became “socialist” [3]. The Soviet military 
presence and the inclusion of the Eastern European 
countries under the military and political control of the 
Soviet Union were crucial for the coming to power of the 
communist parties in these countries. Moreover, the 
communization of the states around the Soviet Union, 
regarded as a protection line, was also used as a disguise 
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through which Moscow sought to control a strategic 
area: the Danube and the Black Sea. 

In order to achieve her goals – control over the 
Danube – the Soviet Union acted in the areas the Red 
Army controlled to obtain the following results:  

1) political subordination of the states in the 
Danube basin through their communization. The 
diplomacy of the future satellite states (communist) of 
the Soviet Union reached aberrant forms, because the 
representatives of these countries have come to no longer 
act on behalf of national interests, but to conform to their 
big brother’s view, the Soviet Russia. By establishing 
such relations, the Soviet Union managed to secure a 
comfortable majority at the next Danube Conference in 
Belgrade, where the new Danube regime would be 
discussed. 

2) economic subordination of the same states, by 
imposing Soviet economic monopoly of the means of 
production, with special reference, in our case, to the 
infrastructure and water park. Gradually, simultaneously 
with the advance of the Soviet troops and the occupation 
of the former enemy state teritories – Romania, Bulgaria, 
Hungary and Eastern Austria, the Danube River became 
a crucial means of communication and was put under the 
direct control of the Soviet Union. 

Wishing to obtain all possible economic advantages 
and, from a geostrategic point of view, to have a 
dominant position on the establishment of a new river 
regulation in the upcoming Conference, the Soviet Union 
forced the states occupied by the Red Army to form a 
series of joint transport and trade ventures on the 
Danube. Thus, joint ventures were organized: 
Sovromtransport (1945, Soviet – Romanian company), 
Meszhart (1946, Soviet – Hungarian company), Juspad 
(1947, Soviet – Jugoslav company, worked for only one 
year until the conflict between Tito and Stalin started), 
naval Soviet – Bulgarian company (1948) [4]. 

In less than five years (1944-1948), tenaciously 
fighting, Stalin managed to extend the communist 
system in eight other countries from Central and Eastern 
Europe: Czechoslovakia, Hungary, Jugoslavia, Bulgaria, 
Romania, Albania, Poland and East Germany. By the 
time the Belgrade Conference (August 1948) started, out 
of the seven of the Danube Basin countries, without 
taking in consideration the Soviet Union, five of them 
were communist (Czechoslovakia, Hungary, Jugoslavia, 
Bulgaria, Romania) and only two – Austria and West 
Germany (the sectors controlled by France, the United 
Kingdom and the United States) – remained untouched 
by this ideology. These two non-communist riparians 
were blocked by the Soviets from involving in the issue 
of establishing a new regime of the Danube. Their 
pretext was that they had the status of conquered 
countries and had not signed any peace treaty at that 
time. Finally, in response to the repeated requests of the 
Western powers, only Austria was granted the right to 
attend the meetings, but without any voting rights. 

 
 
 
 
 
 

3.  CONDUCTING THE BELGRADE  
CONFERENCE (JULY 30 TO AUGUST 18, 1948) – 
SOVIET UNION’S FORCE DIPLOMACY 
 

Present at the Belgrade meetings were the folowing 
delegates: Cavendish W. Cannon (ambassador of the 
United States in Belgrade), Adrien Thierry (ambassador 
of France in Belgrade), Charles Peak (Belgrade 
extraordinary representative of the United Kingdom), 
Evgenij Kamenov (Bulgaria), Ana Pauker (Romania’s 
Minister of Foreign Affairs), Erik Molnar (Hungarian 
Ambassador in Belgrade), Vladimir Clementis 
(Czechoslovakia’s Minister of Foreign Affairs), Ales 
Bebler (Deputy Prime Minister of Foreign Affairs of 
Jugoslavia), Andrei Ianuarevici Vychinski (Deputy 
Prime Minister of Foreign Affairs Soviet Union), 
Vladimir Baranovsky (Ukrainian Soviet Socialist 
Republic) and Felix Rosenberg Rossini (observer from 
Austria) [5].  

The rivalry between the two sides was unleashed at 
the first meeting and was provoked by the establishment 
of the official working language. Specifically, in 
addition to the inclusion of French and Russian 
language, they also challenged English on “the illogical 
and unrealistic grounds” exposed by Vychinski that it 
“put some delegations in minority”. When voted, as 
expected, the Communist block prevailed with seven 
votes for and only three against.  

Practice has shown that the last discussions between 
the delegates were held either in French, Russian or in 
their own language (including English), with the text 
being translated in either Russian or French by the 
Conference Secretaries. Subsequently, throughout the 
conference, the undiplomatic and uncollegial character 
by which Western countries were treated by most of the 
communist majority can be easily demonstrated. By the 
dispositions of Stanoje Simićs (Jugoslavian First 
President of the Conference), Andrei Vychinski’s 
dissertations and that of the communist delegates were 
fully printed and officially presented as work programs 
for the meetings while those belonging to France, Great 
Britain and the United States were written only as 
abstracts. Here it is a report made by some of the British 
delegates (from unofficial transcripts) [6]. 

The Soviet delegate’s behavior was simply 
unceremonious. In front of France and Great Britain’s 
legally argumented responses, Andrei Vychinski replied 
with expressions such as: “doors serve for both entering 
and exiting”, “history is not meant to be used as you 
would an old coat” or “it is impossible to continue 
playing the old songs of the Danube” [7]. At this point, 
the two West European delegates were very close to 
leaving the conference, but, ultimately, all three Western 
democracies remained until the end of the talks in spirit 
of solidarity. In its entirety, the organisation and the 
evolution of the Belgrade Conference disregarded the 
traditional diplomatic rules of such an international 
debate, being led from beginning to end by a single 
power – Soviet Russia. The results of the conference do 
not leave room for doubt given that a minority of three 
Western powers (United States, Britain and France), 
with Austria not having the right to vote, disputed their 
common point of view in front of a compact block of 
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seven communist countries (The Soviet Union, 
Jugoslavia, Czechoslovakia, Hungary, Romania, 
Bulgaria and Ukraine), grouped around a single voice, 
that of Moscow. In fact, the Western Allies were quite 
aware that they would not actually obtain a regime that 
would ensure freedom of navigation for each and every 
ship banner, but in the name of compromise, they were 
hoping to get a series of concessions made by the 
Soviets. Faced with a hostile atmosphere in which they 
could not freely express their views, the Western Powers 
were asking why their presence was accepted in 
Belgrade [8].  

As expected, the Soviet Union and its docile 
subordinates, representatives of the satellite communist 
states, voted the project proposed by Andrei Vychinski 
in Belgrade. The Soviet project became the new Danube 
Convention. This matter did not come as a pleasant 
surprise to the Western minority (United States, Britain 
and France) and was eloquently described by Cavendish 
Cannon. “This is a unique event in the history of 
international negotiations where most participants here, 
with a cynical solidarity, avoided proposing even the 
smallest changes to the text resulting from their 
discussions” [9]. Basically, the project proposed by the 
Soviet delegate was adopted without changing even one 
letter or word, which prompted the historian Josef L. 
Kunz to say: “In painting, the Belgrade Conference can 
only be a caricature of an international conference under 
a totalitarian regime, (...) dangers of a new era of 
barbarism, marked by a pronounced decline of good 
manners in diplomacy” [10]. 

On August, 18, 1948, the text of the Convention 
received, through vote, seven for (Soviet Union, 
Ukraine, Romania, Bulgaria, Jugoslavia, Hungary, and 
Czechoslovakia) and one against (United States). The 
American delegate abstained to vote individual items 
and, under the consideration that the new regime did not 
contain sufficient safeguards to ensure freedom of 
navigation and equal treatment to all naval flags, was 
against the entire document. The French and British 
representatives left the voting room ostensibly, refusing 
to accept the new Convention under the pretext that the 
legal conditions did not repeal the older statute of 1921 
[11]. Rossini Felix Rosenberg, the Austrian delegate, 
attended the debate only as an observer and stated that 
his country cannot enforce this agreement without the 
consent of his government [12]. 

 
4. POLITICAL AND DIPLOMATIC  
CONSEQUENCES OF THE BELGRADE  
AGREEMENT OF AUGUST 18, 1948 

 
The Western Powers present in Belgrade did not 

recognize the new Convention and up to a point made 
similar protest: France emphasized the validity of the 
1912 Statute, which was included in the European 
Danube Commision; Great Britain, invoking the major 
commercial interests in the Danube basin, demanded her 
inclusion in the new Commission; and the United States, 
without having any economic interests, acted as a 
defender of the right to navigate and trade for all the 
states.  

Officially, on 15 November 1949, just four days 
after the Danube Commission met for the first time in 
Galati, United States, France and Britain submitted 
separate notes to the governments of Bulgaria, 
Czechoslovakia, Hungary, Romania, Jugoslavia and the 
Soviet Union, which stated they did not recognize the 
validity of the Convention of August, 18, 1948, because 
it flagrantly violated the principle of navigable 
waterways of international concern which had been 
approved as a basic principle for the future discussions 
on the new regime of the Danube by the Council of the 
Ministers of Foreign Affairs on December, 12 1946 [13].  

The American diplomats felt that the Soviet Union 
wished to block the rest of the world from naturally 
reaching the Danube. This remark was true and the 
Soviets did not take any measures in order to change this 
impression [14]. 

In parallel, other interested countries (Belgium, 
Italy, Greece and Austria), appealed to the benefits of the 
1921 Convention and made separate notes to the 
Secretary of the Belgrade Conference in which they 
exposed their legal reserves on the 1948 Convention 
[15]. 

Responses to these international protests, came only 
from the Soviet Union (March 9, 1950) and Bulgaria 
(March, 28, 1950), both rejected as unfounded Western 
criticism, by reiterating the argument that the new 
regime of the Danube repaired the injustices of her 
previous status, the one through which 
internationalization of the navigable waterways limited 
the jurisdiction of the riparian states [16]. 

In response, considering that the conditions 
necessary to repeal the Statute of 1912 were not met, and 
therefore it was still valid, the authorities from London 
and Paris reestablished the European Danube 
Commission in Rome. The exile Commission formed by 
French, British, Italian and Greek representatives seized 
the 51 kg/s of gold, deposited prior to the World War by 
the former authority of the Mouths of the Danube in 
Italian banks. Only in the '80s, Romania managed to 
reach an agreement with Britain, France and Italy, 
through which the gold was transferred with the help of a 
Swiss bank to the Romanian state reserves [17]. 

The prestigious American historian and diplomat 
John C. Campbell [18], just one year after the episode 
from the Jugoslavian capital, was rhetorically asking 
himself what kind of triumph did Andrei Ianuarevici 
Vychinski get in the Belgrade Conference. He also 
replied: “practically, the Soviet Union granted herself the 
juridic control she already had”. The new Convention 
was not recognized by the nations outside of the 
communist block, and the Danube Commission could 
not operate on the Upper Danube, except for the area 
under the Soviet control. Therefore, Austria and 
Germany (whose territory has the first navigable section 
of the river) remained outside the jurisdiction of the 
committee. Without the participation and support of the 
Western Powers, the development and technical work on 
the river basin was significantly affected [19]. 
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5. IMMEDIATE CONSEQUENCES OF THE  
BELGRADE AGREEMENT ON TRADE AND  
NAVIGATION ON THE DANUBE 

 
It is a well established fact that during the Stalinist 

period (1948-1953), the links of the Danube with other 
trade routes were completely blocked. There was no 
contact, not even on an informal basis with the West, 
Austria or Federal Germany authorities. The Danube 
Commission, under orders from Moscow, refused to 
meet the demands of the United Nations and its 
specialized agencies. There were no vessels under 
western flags on the communist side of the river. They 
were only navigating on the Austrian and West Germany 
sector thanks to the communicating Rhine and Danube 
channels [20].  

Until 1953, when the Soviet control over the 
Danube was at its peak, technical activities to develop 
the river were minimum. Moscow had turned its 
attention to the political side of her domination, 
encouraging the uniformity of navigation, police, 
customs and sanitary regulations in the sattelite countries 
in order to meet her personal commercial and economic 
interests. Moreover, in addition to preventing the 
development of navigation on the river, Moscow 
managed to cut off any connection to the outside world 
through its desinterest in maintaining the Sulina canal 
functional. This canal was placed under special 
Romanian –Soviet administration and although 
considered to be a segment of the international Danube, 
it was not dredged and repaired as it should have been 
[21]. 

Corroborating all items discussed, including the 
economic spoliation of the satellite states (Romania, 
Hungary and Bulgaria) through joint ventures, especially 
those based on water transportation, we are able to state 
that the riparian communist states were discouraged by 
Stalin’s policy to restore their pre-war navy. The recoil 
suffered by Danube navigation, only six years after the 
signing of the Belgrade Convention, in particular, by the 
navigable potential of riparian states, can easily be 
demonstrated by comparing the naval traffic of some 
flags through the Sulina bar (statistics include only the 
flags interested in our study) [22]: 

 
Statistics after the flag entry of vessels through Sulina 

channel into the Danube river  
Year 1924 Year 1954 

Flag Total 
Number 

Total 
Tonnage 

Total 
Number 

Total 
Tonnage 

Soviet Union - - 515 560,952 
Great Britain 126 255,729 - - 

Italy 136 242,541 6 19,318 
Germany 41 93,533 4 9,316 
Romania 55 107,048 16 20,430 
Bulgaria 2 2,474 16 31,542 
Hungary 14 42,684 38 21,842 

Jugoslavia 11 17,838 - - 
Greece 233 288,465 2 3,880 
Turkey 7 938 97 122,126 

 
Statistics show that the non-inclusion of the Danube 

River among the international river waterways seriously 

affected the international trade and, at the same time, the 
development of the Soviet transportation on the Danube 
was realized by the efforts of their satellite states, 
especially of Romania. 

 
6. STALIN – TITO CONFLICT (1949-1953) – A  
NEW BLOW TO THE DANUBE NAVIGATION 

 
The Soviet Union did not enjoy her success in 

Belgrade for long because the relations between Tito and 
Stalin deteriorated fast. After their break, Moscow 
believed that their relations could be quickly remedied 
by removing the Jugoslavian leader, but they were 
wrong. The solution adopted on August, 18, 1948, based 
on imposing a single regime of the Danube, established 
and led by the riparian countries through a single 
Danube Commission (actually there were two other 
Special committees created for the Iron Gates and 
Sulina) gave way to multiple interpretations and proved 
to be a utopia. Kremlin’s project seemed functional and 
worked for the Soviet Union as long as the decisions of 
the small riparian states revolved around Moscow. 

Under the Soviet domination over the river, the 
Tito-Stalin conflict broke the Danube into three areas: 1) 
from the Austrian limit to the small port Baračka – 
around 312 miles, a route through which the river passes 
through a part of Austria, Czechoslovakia and Hungary; 
2) the Jugoslavian Danube, crossing its territory only – 
236 miles from Baračka to Kasilievo (on the Romanian 
bank, Bazias), plus other 161 miles, which consist of the 
Romanian - Jugoslavian border and also the Cataracts 
and the Iron Gates area; 3) lower Danube – 289 miles of 
border between Romania and Bulgaria, plus 142 miles, 
in which the river passes exclusively through the 
Romanian teritory until the river Prut. From here, there 
are another 40 miles through the Mouth of Sulina until 
its flow into the Black Sea [23]. Due to the Jugoslavian 
latch, Moscow maintained her political influence over 
the first and third sector of the Danube, but, in reality, 
the Soviet control over the river was stopped at the 
Jugoslavian border of the river, Belgrade blocking the 
upstream Soviet ship navigation. 

Another consequence of Jugoslavia drifting away 
from Kremlin was the deliberate delay in setting a joint 
Romanian – Jugoslavian special administration at the 
Iron Gates [24]. This item, recorded in the 1948 
Convention, remained until the end of 1953 and Stalin’s 
death a mere concept. Shortly after they managed to 
establish this administration her power was seriously 
diminished in favour of the Danube Commission [25]. In 
parallel, in order to restore her prestige, the Soviet Union 
intensely sustained the Danube – Black Sea Canal and 
forced the Romanian government to spend huge amounts 
of capital in order to dig it [26].  

The Soviet – Jugoslavian conflict regarding the 
Danube began by Moscow refusing the direct 
implication of Belgrade authorities in managing the 
newly created Danube Commision. In the first session 
held in Galati, on November 11, 1949, the Soviet Union 
took control entirely over the new body through the 
Secretariat and the rights that the Soviet Secretary, 
Morozov, had gained. Thus, Morozov named all the 
members of the Secretariat. Their appointment was not 
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based on geographic or state criteria, but “on their merit” 
– a formula which hid Moscow’s right to impose 
desirable personnel. Therefore, Jugoslavia received only 
four minor posts in the Secretariat and related services 
which managed to block her influence and power within 
the Commission [27]. The same Morozov organized and 
decided the permanent personnel’s work and negotiated 
on its behalf with the authorities. At the same time, there 
were no mechanisms provided through which the 
riparian states could inspect and subordinate the activity 
of the Danube Commission Secretaryship [28]. 

In the following years, Jugoslavia’s situation in the 
Danube Commission considerably weakened, and her 
representative suffered enough humiliation: he was 
presented with documents that had to be signed 
immediately and his requests for gaining additional time 
to study and consult with his government were refused; 
his requests to be informed were also not answered; he 
was not called in to participate in the subcommittees 
created to discuss certain issues between the semi-annual 
sessions or he was intentionally placed in a committee 
that met at the same time with the plenary session, which 
put him in the awkward position of choosing; he barely 
obtained a visa to enter Romania in order to participate 
at the Danube Commission meetings, and, during his 
stay in Galati, had great difficulty in getting 
accommodations. 

Simultaneously, the Jugoslavian ships came up 
against different incidents, the violences between the 
Serbian and the Romanian Danubian side intensified, 
and the Jugoslavian sailing agencies were seriously 
disadvantaged in Romania and Bulgaria and banned in 
the Soviet Union [29]. 

At first, Jugoslavia’s response consisted in protests, 
and by 1950 the country established the withdrawal of 
her representatives from the Danube Commission and 
ceased the financial contribution to this organization 
[30]. The Soviet Union did not wish to exclude or 
entirely suspend Jugoslavia from the Danube 
Commission although it could have done so. Until 
Stalin’s death (March 1953), the Soviet Union pressured 
Belgrade, through the Danube Commission, in accepting 
the rivers status-quo and rules.  

Fortunately, the Soviet attitude towards the Danube 
had considerably changed after Stalin's death (March 
1953). In the ninth plenary session of the Danube 
Commission, in December 1953, the new dictator from 
the Kremlin, Nikita Sergeyevich Khrushchev, reached a 
compromise with Josip Broz Tito by increasing the 
number and the importance acquired by the Jugoslavians 
within the Commission. In response, the authorities from 
Belgrade allowed the passage upstream, through their 
Danube sector, of 26 Soviet ships. In the ordinary 
session of the Danube Commission, held on December 
1953, the model imposed by Stalin was completely 
repudiated. In this session, the Jugoslavian delegate 
requests focused on two issues: moving the Danube 
Commission headquarters from Galati to Budapest (this 
was realized in 1954) and making an equitable 
distribution of the Secretaryship permanent posts. Under 
pressure from Belgrade, the new administration was 
chosen: the Jugoslavian Djurič as general secretary, the 
Hungarian Silk as president and as vice-president, the 

Bulgarian Guenov. Some work procedures of the 
Commission were also changed and, in consequence, the 
attributions of the Secretaryship were diminished [31]. 
From this moment, through the innovations of the new 
leadership from Kremlin, the Danube Commission 
became a mere experiment of the Soviet foreign policy 
[32] meant to: extinguish the conflict with Tito and 
resume relations with Jugoslavia; change the bilateral 
relations to multilateral within the communist block, 
especially in the technical field; resume trade and 
economic relations with Western countries and technical 
cooperation with the United Nations specialized agencies 
[33]. 

 
7. THE POLITIC AND ECONOMIC “THAW” 
OF THE DANUBE AFTER STALIN’S DEATH 
(AFTER 1953)  
 

Moscow’s new policy towards her satellite states, 
characterized by granting more freedom, not only on the 
Danube, was transposed by the abolition of the joint 
ventures (so called Sovroms) in 1954 [34]. The end of 
the Stalinist totalitarianism over Danube navigation did 
not mean an abandonment of Kremlin’s domination over 
the mentioned area. Soviet hegemony simply became 
more diplomatic and indirect. The development of 
commercial relations around the Danube was another 
major change assumed by the Soviet authorities after 
Stalin’s death. The Danube Commission’s “thaw” 
manifest by sending delegates to international 
conferences on transport and trade development. 
Because of her transparent activity, in June 1956, an 
observer from the European economic institutions 
participated for the first time at the plenary session by 
launching a number of projects on arranging the Danube 
for better navigation. In order to gain better credibility 
and attract technical cooperation of Western democracies 
and in order to reintegrate the Danube in the major 
international commercial routes, the communist states 
had to truly unify the navigation on the river. Therefore, 
mutual information between the communist and the two 
non-communist riparian states became a necessity. After 
receiving invitations to participate at the plenary session 
of June 1957 and the ongoing works of the various 
subcommittees, the two countries sent their 
representatives [35]. 

After a first attempt (on May 23, 1955, the Soviet 
Union had asked Austria to become a member of the 
Danube Commission, but Vienna refused the invitation) 
[36], Austria’s accession to the Danube Commission 
became effective in January 1960. This was not the case 
also with West Germany. On the contrary, blocking the 
participation of this riparian state, by the Soviets, at the 
Belgrade Conference proved to be wrong. The German 
Federal Republic was forced, with the financial aid of 
Western countries, to finalize the Nazi project meant to 
unify the Upper Danube with the Rhine. Once their goal 
was achieved, it had two major negative effects on 
navigation on the communist side of the Danube: 1) 
German Commercial traffic in the Upper Danube was 
conducted through the Rhine into the Baltic Sea; 2) West 
Germany was no longer interested in joining the Danube 
Commission.   
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8. CONCLUSIONS 
 
On paper, The Belgrade Agreement from August, 

18, 1948, was more favorable to the small riparian states 
than the interwar international regime. Their sovereignty 
over their small portions of the river was only apparent, 
at least until Stalin’s death. As we know, during the 
communist regime, the principles included in the 
Agreement were not important, but rather how they 
could be avoided or interpreted. Stalin’s total 
subordination of the Danube Commission and his 
conflict with the Jugoslavian communist leader, Tito, 
badly influenced the Danube navigation and commerce. 
Only after Stalin’s death, in 1953, through the 
elimination of joint ventures and the reopening of 
Danube international trading routes the situation 
improved, unfortunately without the development that 
other river routes, untouched by communist influence, 
achieved in the postwar period. The evil was already 
made during the Belgrade Conference (July 30- August 
18 1948), when the undiplomatic treatment applied to 
the great Western commercial powers, removed the 
Danube River from international trading routes. 
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ABSTRACT 
 

Ship structures cover a range of constructions varying from fast vessels built of front edge technology materials to 
very large commercial ships built according to traditional procedures and of conventional constructional steels. With 
collision, grounding and fire as accidental loads, it is clear that the field of Rational Design of Ship Structures for 
Accidental Loads could focus on highly varying topics. Many problems within the field of accidental loads in marine 
engineering are still unsolved and it is true that even if many resources are allocated to the field, it will take years, may 
be even decades, before the marine community can claim to have a fully rational design basis with respect to accidental 
loads. The purpose of the present paper is to contribute to the understanding of ship grounding events and thus to try to 
minimize the damages induced to the marine environment as a result of a grounding event.  
 
Keywords: ship, soft grounding, governing equations. 
 
 
1. INTRODUCTION 
 

An overall view on groundings categorize the 
accidents in two major groups: 

1. 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. 

2. 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. 

The work concerning grounding on soft sea bottoms 
includes the following main aspects: 

• Identification of the governing grounding 
mechanics. The hull girder is modelled as a linear elastic 
beam and the loads considered are gravity, hydrostatic 
pressure, hydro- dynamic pressure and a ground 
reaction. 

• Establishment of a model for the 
hydrodynamic loads which takes into account the 
generation of waves and shallow water effects. 

• Establishment of a model for the ground 
response to the penetrating bow. Based on observations 
from laboratory experiments, the idea of this theoretical 
model is that the bow generates a flow of pore water in 
the soil. The pressure of the pore water on the bow 
becomes decisive for the soil reaction. 

• Derivation of the governing equations for the 
hull girder based on the Timoshenko beam theory. The 
solution is found both by the finite element method and 
by a modal super-position approach and the results of the 
two approaches are shown to be equivalent. 

• Investigation of the sectional forces compared 
to the strength of a ship in a grounding event on a soft 
sea bed. It is shown that the grounding-induced loads 
may well exceed the wave bending moment and shear 
force capacity of the hull girder. The effect of the hull 
flexibility is found to be important in a dynamic analysis 
because the flexible deformation of the hull girder 

unloads the grounding force and because the dynamic 
amplification of the sectional forces is significant for 
some grounding events. The effect of bow lift due to a 
receding tide is also investigated and it is shown that 
even a very smooth grounding event may lead to 
catastrophic failure if it is followed by a receding tide. 

 
2. GOVERNING EQUATIONS 
 
2.1 Generalities 
 

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

1. Deformation of the sea bed. 
2. Friction between sea bed and hull. 
3. Change of potential energy of the ship and the 

surrounding water. 
4. Deformation of the hull. 
5. Hydrodynamic damping. 
The solution method applied here for theoretical 

analysis of the soft-grounding problem is numerical 
integration of the equations of motion for the ship, i.e. 
time simulation.  

Alternatively, an overall simplified approach based 
on the conservation of energy and momentum could be 
applied. Such an approach was presented by the 
specialty literature and it gives a good picture of the 
overall grounding mechanics.  

However, to obtain detailed information about loads 
during the impact, it is necessary to resort to time 
simulation. The following sections describe the load 
modeling corresponding to the five effects listed above 
and the corresponding equations of motion. 

Previous experimental and numerical studies 
focused on the rigid body motion of the ship. This is 
relevant in connection with the design of protective 
islands for bridges and for the prediction of the tug-load 
necessary to refloat the ship. The finite crushing strength 
of the bow could also be included but as a first 
approximation, it is assumed rigid. The flexible 
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deformation of the hull girder has been determined from 
Timoshenko beam theory. 

 

 
Figure 1 Coordinate systems (x; y; z) and (X; Y; Z) and 

definition of sectional forces. 
 
It is assumed that both the centre of gravity of the 

structural and hydrodynamic mass per unit length and 
the bending neutral axis of the hull girder can be 
considered as a straight line. This line is the x - axis of a 
coordinate system fixed with respect to the ship and with 
origin amidships. The y - axis points towards the port 
side and the z - axis points upwards, see Figure 1.  

A global coordinate system, (X; Y; Z), is fixed on 
the ground with origin at the point of the initial contact 
between bow and seabed.  

Displacement and rotation in surge, heave and pitch 
in the (x; y; z) coordinate system is denoted (u; w; ψ). 
Sway and yaw is not considered. The basic idea is to 
calculate accelerations in the local coordinate system, 
transform these to the global system and perform time 
integration in the global system to get the time history of 
velocities and displacements. 
 
2.2 Loads from Water and Gravity 
 

Hydrostatic Loads - By combining the loads from 
the hydrostatic pressure with the gravity load on the 
structure in the so-called restoring load, modelling 
becomes simple. The ship is assumed to be in 
equilibrium in the initial configuration.  

Then, when a section is lifted out of the water, it 
experiences a static downward load due to the difference 
between weight and buoyancy.  

Since the weight is unchanged by lifting, the 
restoring force/moment is approximately given by the 
change of buoyancy alone. By assuming that the sides of 
the hull are parallel (vertical), the restoring load due to a 
static lift, w(x), of a hull section can be expressed as 

 

( ) ( ), ( )q gB x w xwhs z x ρ= −
                      (1)

 

 
The assumption of vertical ship sides is good for 

large tankers with CB ≈ 0.85 but for the small fast 
vessels, Equation 1 will only hold true during the initial 
impact. 

 
Hydrodynamic Loads, Added Mass and Damping - 

Since modeling of the hydrodynamic loads on a ship is 
of interest in several areas of marine engineering such as 
maneuverability, see-keeping and ship vibration, a 
substantial amount of literature has been published in 
this field. The characteristics for whole ships can be 
determined experimentally but since this is expensive 
and inconvenient at the design stage, many theoretical 

approaches have been attempted. The so-called 'strip-
theory' is a convenient approach which takes advantage 
of the fact that ships are normally long and slender such 
that the overall flow pattern is two-dimensional. The 
ship is divided into a series of transverse sections 
('strips') and each of these strips is considered separately 
assuming a two-dimensional flow. Determination of the 
two-dimensional flow is significantly less complex than 
the three-dimensional problem and several usable 
analytical solutions exist. 

When an infinitely long cylinder is forced to move 
in an oscillating heave motion on the surface of a fluid it 
is subjected to hydrodynamic pressure loads. When the 
motion is harmonic with the frequency ω, the force 
working on a unit length of the cylinder can be expressed 
as 

.. .
( , ) ( ) ( ) ( ) ( ),q t a w t b w tz zhd z ω ω ω= − −

            (2) 
 

where the coefficients az(ω) and bz(ω) are denoted 'added 
mass' and 'damping'. The added mass is seen to be the 
part of the force which is in phase with the acceleration 
and the damping is the part in phase with the velocity. 
Equation 2 holds true for a harmonic motion with a well-
defined frequency. In the general case of a transient 
motion the specialty literature says that the 
hydrodynamic load can be written 
 

{ }.. . .
( , ) ( ) ( ) ( , ) ( , 0)02,

tq x t x w x h w x t w x t dzhd z µ τ τ τ τ=− − − − − =∫

 (3) 

 

 
Figure 2 Experimental data for added mass and damping 

for a 310 m tanker (CB = 0.85) at restricted water 
depths. The non-dimensional quantities are defined as 

' '
/ , / ( / ) /a a b b g L and h Tz z w z z wρ ρ δ= ∇ = ∇ = . 

 
where µz is the added mass at infinite frequency: 

( ) lim ( , )x a xz zµ ω
ω

=
→∞                          (4)

 

and hz(x;t) is the unit response function: 

2
( , ) ( , ) cos0h x t b x tdz z ω ω ω

π
∞= ∫

                 (5)  

 
where bz(x;ω) is the two-dimensional damping of the 
cross-section in heave at frequency ω. Since the damping 
thus comes as a weighted integral of the velocity history 
from the beginning of the motion, it is often denoted a 
'memory effect' - contrary to the added mass, it is a 
function of the past. With Equation 3, the problem is 
now determination of the added mass and the damping 
coefficients, az(ω) and bz(ω). As mentioned, several 
theoretical methods exist for unrestricted water depth but 
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as groundings - by their very nature - occur at restricted 
water depths, this must be taken into account. Figure 2 
shows results presented by the specialty literature, for 
added mass and damping in heave for a ship at different 
water depths. 

It is seen that for a water depth to draught ratio of δ 
= h/T = 1,05, the added mass is a’z ≈ 5, indicating an 
increase due to restricted water depth by a factor of 
approximately 5. Likewise, the effect of the restricted 
water depth on the damping is seen to be significant. The 
approach adopted here for calculation of the damping is 
to use strip theory together with the data of Figure 2. The 
graphs for b’ z shown in Figure 2 are transformed 
according to Equation 5, and the unit response function 
for a ship section with a given depth to draught ratio, δ, 
is then found by interpolation. 

The added mass at infinite frequency is determined 
by a slightly more sophisticated approach. At infinite 
water depth, the added mass can be determined with 
good accuracy by use of the results of the specialty 
literature. By conformal mapping of the solution for 
potential flow around a cylinder, it has been found the 
added mass at infinite frequency to be given by 

 

C Az v w sµ ρ=
                                (6) 

 
where AS is the submerged cross sectional area of the 
considered section and CV is defined from the draught to 
breadth ratio β and the sectional area coefficient CS as: 
 

{ }

2 2
(1 ) 31 3

2 2
1 31 3

1
3 2

(1 ) 1 / 4(1 ) 2 (1 4 / )
2

(1 )1

(1 ) 13

2 /

/

a a
CV

a a

C Cs

a C

a C

T B

C A BTS S

β β β π

β

β

β

+ +
=

− −

−

= + − + + −

= −

= + −

=

=

 

 
A semi-empirical expression for the modification of 

added mass due to restricted water depth was given by 
the specialty literature, as: 
 

2
( , , )

1 2( 0, 2)
( , , )

h T C Tz s
CS

h T C hz S

µ

µ
= + −

= ∞

 
 
             (7) 

 
The expression is based on experiments with δ = 

h/T exceeding 1.5 and it is seen to have a maximum of 
2.6 when δ = CS = 1. Thus, it does not depict the 
behaviour shown in Figure 2 for very small bottom 
clearances. The idea here is to retain the functional 
dependence on the sectional geometry and find another 
function for the dependence on δ = draught=depth based 
on the results presented by the specialty literature. The 
final result for the modification of added mass at infinite 
frequency due to restricted water depth becomes 

 
0,91

( , , ) 2
1 0, 54( 0, 2)

( ) 1

h T Cz S
CS

hz

µ

µ δ
= + −

= ∞ −

 
 
         (8) 

 
To limit the added mass at the point of contact (δ = 

0) in Equation 8 it is necessary to take into account the 
three-dimensional flow near the ends of the ship. Based 
on the results of the specialty literature, the maximum 
value of the correction factor, Equation 8, is here 
assumed to be 6.0. As this large added mass only occurs 
in a very limited area around the point of contact, the 
final results are not sensitive to this assumption so its 
validity will not be discussed in further detail. 

 
3. GROUND REACTION 
 

The greatest challenge of developing a theoretical 
model for grounding on soft sea beds is establishing a 
model for calculation of the soil reaction. As the soil 
reaction induces the hull girder loads and eventually 
causes the ship to stop, it is of paramount importance to 
have a good model for the response of the ground to the 
penetrating bow.  

In the analysis presented by the specialty literature, 
the bow was assumed to move in the plane of the 
undisturbed slope and an efficient coefficient of friction 
was adopted. To obtain a good correspondence between 
theory and model tests, an effective coefficient for the 
bow/soil interaction equal to µ = 0.78 was assumed. The 
coefficient of friction between steel and sand is typically 
0.3 - 0.4 so this effective coefficient of friction includes 
the normal pressure on the bow which must thus be quite 
significant. In the present analysis it is necessary to have 
a more sophisticated model for the soil behavior so that 
it can be applied to a time simulation scheme. 

The stopping force acting on a beaching ship is the 
result of ruptures in the soil in the areas of contact 
between bow and soil. The mechanics of this rupture is 
complicated, which is illustrated by an example where a 
ship with a cylinder bow with vertical sides is rammed 
horizontally into a slope of sand of 1:6, see Figure 3. The 
bow is semi-circular in shape with a radius of r = 378 
mm and it has a at bottom. The sand is very uniform in 
gradation with a mean diameter of dm = 0:125 mm, 
permeability coefficient k = 9 · 10-5 m/s and frictional 
angle φ = 39°. The ship is forced with a constant velocity 
and it is locked in the horizontal position so that it 
cannot heave or pitch. Figure 3 shows the horizontal and 
vertical soil reactions for different impact velocities as 
functions of the horizontal position for both dry and 
submerged slopes. 

It is noted that the force in the submerged case is 10 
- 20 times greater than for the corresponding dry case. 
Figure 3 also shows that the reaction is clearly a function 
of impact velocity. It could be claimed that the 
dependence on impact velocity is due to the change in 
momentum of the soil being pushed by the bow but since 
no dependency is seen on impact velocity for the dry 
sand is observed, this cannot be the case. The results are 
important because they show that in a grounding event 
on a sand beach, the behavior of the soil is strongly 
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influenced by the pressure of the fluid present in the 
pores of the material.  

 

 
 

Figure 3 Soil reactions on a penetrating bow. Dry and 
submerged slopes, different velocities 

 
In classical soil rupture theory, conditions are 

assumed to be either drained or un-drained. If conditions 
are drained an incremental load increase on a soil 
element is carried solely by additional stresses in the 
grain skeleton ('effective stresses'), and if conditions are 
un-drained an additional load is carried by an additional 
pressure in the pore fluid alone. Both drained and un-
drained conditions are considered independent of the 
time history of the load - in this case of the impact 
velocity. According to Figure 3, which shows a clear 
dependence on impact velocity, neither of the two 
theories would therefore be suited for modeling of ship 
grounding events. The consolidation theory is a theory 
which includes the time variance of loads and 
deformations. The specialty literature presented a 
general set of equations governing the behavior of a 
saturated linear elastic porous solid under dynamic 
conditions. For standard geotechnical consolidation 
problems, however, the grain skeleton is most often 
assumed to be linear-elastic and inertia forces neglected. 
Obviously, these restrictions do not apply to grounding 
problems where strains are far beyond the elastic limit. 
The equations can be generalized to non-linear material 
behavior if the constitutive relation is written 
incrementally. A fully consistent theoretical analysis of a 
ship grounding event would require numerical solution 
of these equations, for example by use of the finite 
element method. The solution would include phenomena 
like elastic compression, rupture with very large strains, 
liquefaction, dilatation of the soil in rupture and flow of 
pore water. Use of such a model for grounding 
simulations would require extensive computer facilities 
and would be prohibitively time consuming. Therefore, 
the soil mechanics model used here has been based on 
very substantial simplifications and it is to some extent 
phenomenological. 

The pore-water creates strong effective stresses in 
the soil which act on the hull both as normal and 
tangential stresses. The question is how these large 

effective stresses are generated. Two mechanisms seem 
possible: 

1. At the rupture, the sand dilates and thus creates 
a large suction in the pore water in the rupture zones. 
This suction results in a corresponding increase in the 
effective stresses. This phenomenon can be observed in 
an un-drained tri-axial test. 

2. During impact, the grain skeleton is 
compressed and pore water is squeezed out in the 
compression zone creating an additional pore water flow. 
This pore water builds up large effective stresses in areas 
of the grain skeleton. In other areas liquefied zones are 
formed. 

 
4. CONCLUSIONS 
 

Over the past decades there has been a continuous 
increase in the public concern about general risk issues. 
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 much 
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. A 
fundamental problem with rational consideration of 
grounding and collision in rules is that there are no 
simple measures of a ships defense against these loads. 
An idea would be to consider the statistical correlation 
between major design changes and the amount of oil 
spilled but the amount of oil spilled seems to be a 
random process. 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. 
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ABSTRACT 
 

Forum non conveniens doctrine, referred by prominent authors as the choice of foreign jurisdiction by a court, is 
generally considered as a constructive development in the jurisdictional system of the English courts. Lis alibi pendens 
is referred to as a case where a legal action concerning the same parties and the same matter is adjudicated 
simultaneously in two diverse jurisdictions. The authors of this study, take the view that a significant relationship seems 
to exist between forum non conveniens and lis alibi pendens, since the later is considered a supplementary factor 
relevant to the determination of the natural forum in forum non conveniens cases; both doctrines operate basically under 
the same legal principles and; they are in search of the same objective i.e. to render better justice in legal disputes, 
particularly in maritime disputes considering the international nature that this domain reflects. Despite the negative 
opinions surrounding the doctrine, forum non conveniens is regarded as an improvement in the rule of jurisdiction since 
it assists the litigants to consider advantages of diverse legal systems and to be adjudicated according to ‘the most 
appropriate forum’; promoting thus better fairness and justice in the dispute resolution in maritime affairs. 
 
Keywords: Maritime law, international law, forum non conveniens, lis alibi pendens, legal disputes, maritime disputes, 
natural forum, law of the sea, English maritime law. 
 
 
1. INTRODUCTION 
 

Conflict of laws or private trans-national law is a 
significant discipline dealing with legal actions involving 
a foreign element1.The principal purpose of conflict of 
laws “is to resolve trans-jurisdictional disputes by 
reference to the laws of all jurisdictions involved” 2. 
Important functions within this discipline play the 
doctrines of forum non conveniens and lis alibi pendens  
Although the genesis of these doctrines is relatively old, 
their effective application in the common law, as well as 
to some extend in the civil law system, has received 
wider acceptance only in the last 30-40 years. 

These doctrines are regarded as constructive 
approaches towards the clarification of incongruity 
issues in the conflict of laws3, since their implementation 
in the judiciary system assists the courts to prevent 
injustice in legal disputes, allowing thus the litigants to 
be adjudicated according to the ‘most appropriate forum’ 
principle4. Consequently, by providing better fairness 
and justice in the resolution of legal cases, the 
application of these doctrines appears to be a positive 
step towards the development of the jurisdiction system. 

Several notable scholars, such as William Tetley in 
its prominent study International Conflict of Laws, 
Dicey and Morris in Conflict of Laws, and Cheshire and 
North in Private International Law, have shed light 

                                                 
1 Albert Venn Dicey, Dicey and Morris on the Conflict 
of Laws, 13th ed. (London: Sweet and Maxwell, 2000), 
at 3. 
2 Proshanto K Mukherjee, The Law of Maritime Liens 
and Conflict of Laws, JIML 9 (2003)6, at p.546 
3 William Tetley, International Conflict of Laws: 
Common, Civil and Maritime (Montreal, Quebec: 
International Shipping Publications, 1994), at 43. 
 

towards a comprehensive analysis of these important 
doctrines. Nevertheless, recent developments in the 
international and domestic legal domain necessitate the 
requirement for further research concerning the 
relevance and application of these doctrines.  

In this respect, the purpose of this paper is to 
analyse the interrelationship among the aforesaid 
doctrines by seeking to answer questions such as: What 
are the main features of these doctrines? What is their 
contribution towards the legal dispute resolution? What 
are the positive and negative points of the doctrines? 
Most importantly, is there any relationship among them? 
In light of these considerations, this paper will first 
contain a discussion regarding the evolution and the 
fundamental principles of forum non conveniens; 
secondly, the doctrine of lis alibi pendens viewed from 
the forum non conveniens perspective will be analysed; 
finally a comprehensive examination will be attempted 
towards the relationship among forum non convenience 
and lis alibi pendens with the focal point on the later.  

 
2. EVOLUTION OF THE FORUM NON 
CONVENIENS DOCTRINE 
 

The roots of the doctrine of forum non conveniens 
are found back in the nineteenth century from the 
deliberations of the Scottish Courts5. The principle 
behind the forum non conveniens doctrine was that the 
court, after taken into account the interests of the 
litigants and the requirement of justice, may refuse to 
exercise jurisdiction based on the position that some 
other forum rather than the Scottish court is more 
appropriate for the case to be adjudicated6. 
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Although the doctrine of forum non conveniens was 
comprehensively evolved in U.S.A7, its role there is 
described as a parallel development, and to some extent 
is diverse from the Scottish doctrine8. Moreover, it 
seems that the progress of the Scottish-English forum 
non conveniens approach was not directly influenced by 
the parallel development of this doctrine applied by the 
U.S authorities9 whereby aside from the private interests 
of litigants, the public interests of the State must be 
considered in order for the court to stay an action10.   

In England, the application of the forum non 
conveniens was restricted until The Atlantic Star case, 
wherein the House of Lords perspective regarding this 
matter eventually changed11. Notwithstanding that forum 
non conveniens was somehow taken into account in both 
The Atlantic Star, and later in the McShannon v. 
Rockware Glass Ltd case, the House of Lords refused to 
accept the doctrine as part of the English Law12. 
Nonetheless, it must be underlined that during that 
period of time the doctrine has been a significant 
element in the exercise of judgment by the English 
courts to serve out of their jurisdiction (under Rule 27), 
but until The Abedin Daver case the courts refused to 
accept that the jurisdiction to stay action based on forum 
non conveniens would initiated against defendants who 
were sued in England13.  

In light of these considerations, it appears that the 
application of the forum non conveniens doctrine in 
England has been vague for a certain time period after 
The Atlantic Star, due to the incompatibility mainly 
caused by the implementation of this new philosophy 
within an existing old legal system14 .Moreover, in the 
opinion of this writer, the evolution and the application 
of the doctrine seemed to have been controversial during 
these time period based on the grounds that different 
viewpoints regarding the “interpretation”15, definition, 
concept and application of forum non conveniens 
doctrine prevailed among English Lords16. 

The doctrine of forum non conveniens was finally 
accepted in the Abedin Daver case. Lord Diplock noted 
in this respect that “ the judicial chauvinism has been 
replaced by judicial comity to an extend which I think 
the time is now right to acknowledge frankly it is, in the 
field of law with which this appeal is concerned, 

                                                 
7 David McClean, Morris: The Conflict of Laws 
(London: Sweet & Maxwell Ltd, 2000), at 117-18. 
8 See Bank of Tokyo Ltd v. Karoon (1987)1 A.C. 45N, 61 
(C.A.) 
9 Dicey, Dicey and Morris on the Conflict of Laws, at 
390. 
10 McClean, Morris: The Conflict of Laws, at 117-18. 
11 See The Atlantic Star (1974) A.C. 436 
12 Dicey, Dicey and Morris on the Conflict of Laws, at 
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14 David W. Robertson, Forum Non Conveniens in 
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L.Q.R 398, 1987), at 411. 
15 See the judgments of Lord Salmon in the McShannon 
v. Rockware Glass Ltd (1978) A.C. 795 at 819 
16 See the judgments of Lord Wilberforce, Lord 
Kilbrandon and Lord Reid in The Atlantic Star (1974)    
A.C. at 467- 469 and 477- 478 

indistinguishable from the Scottish legal doctrine of 
forum non conveniens”17. The English law position on 
the doctrine of forum non conveniens was however, 
clarified and summarized in the prominent case on ‘stays 
of actions’ i.e. in the Spiliada case, whereby the House 
of Lords approved the judgment of the Abedin Daver 
deliberations regarding the forum non conveniens 
doctrine18. In this respect, the fundamental theory of the 
doctrine was that “ a stay will only be granted on the 
ground of forum non conveniens when the court is 
satisfied that there is some other available forum, having 
competent jurisdiction, and which is suitable forum for 
the trial of this action”19.  

The main draughtsman of the developed law of 
forum non conveniens is considered Lord Goff of 
Chieveley, who portrayed the doctrine as the most 
civilised of legal values20. It was in the Spiliada case that 
Lord Goff proposed the general principles regarding the 
application of the doctrine of forum non conveniens21, 
and later on in the Connelly v. RTZ Corpn plc case he 
confirmed and further clarified these principles before 
the House of Lords22. In light of these events, it appears 
that in the later case the doctrine of forum non 
conveniens was legally consolidated and begun to serve 
effectively in the adjudication of subsequent cases by 
English courts. 

The adoption of the forum non conveniens doctrine 
by the House of Lords is considered a valuable 
contribution towards the common law jurisdictional 
philosophy23. What is significant in this doctrine is that a 
court which has jurisdiction over a case, may decline to 
exercise it, based on the judgment that another court of a 
different state which may be the natural court, can render 
superior justice under the particular circumstances24. 

After the Spiliada case, several common law States 
such as Canada, New Zeeland, Singapore, India, Ireland 
and Australia embraced the doctrine of forum non 
conveniens25. In Australia, the doctrine’s approach is 
considered vague, and the decisions of the courts are 
criticized due to the application of vexation or 
oppression requirement for the grant of a stay, where the 
real meaning of it, yet, is unclear among the Australian 
judges26. Also, similarly to civil law judicial system, 
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when to Australian courts is given the jurisdiction, it 
requires comprehensible and compelling grounds before 
refusing to exercise it based on forum non conveniens 
doctrine; focusing thus on the suitability of their court 
when considering a action rather than making a 
comparative legal analysis with the other foreign 
forum27. These essential factors indicate that the 
Australian judge has the duty to exercise the jurisdiction 
vested on him, which subsequently will prevent him to 
circumvent the statutory legislation in the forum non 
conveniens cases28. Accordingly, it is submitted that, the 
principles of the two incompatible legal systems which 
are embraced by the Australian courts may create 
ambiguity and obscure the dispute resolution in forum 
non conveniens cases. This issue is more relevant taking 
into account that forum non conveniens doctrine is 
generally inapplicable and not accepted by the civil law 
lawyers and their respective countries29 whose courts are 
forbidden by national constitution to give up 
jurisdiction30. 

 
3. FUNDAMENTAL PRINCIPLES OF FORUM 
NON CONVENIENS 
 

The forum non conveniens doctrine is generally 
considered as a constructive development in the 
jurisdictional system of the English courts31. Tetley, in 
this respect, is referring to the forum non conveniens as a 
“choice of foreign jurisdiction by a court”, and giving its 
significance proposes that the doctrine should be a 
suitable alternative in civil law countries as well32. The 
forum non conveniens, thus, appears to be a useful legal 
instrument whereby the courts may establish equality in 
dispute resolutions.  

The Commercial Court and the Admiralty Court33 
are normally the forums where the most stay application 
cases, as well as the maritime disputes are adjudicated. 
From the maritime and shipping viewpoint, the forum 
non conveniens doctrine is mainly applied in collision 
cases34. Normally, forum non conveniens cases involve 
rival jurisdictions in which a stay will be approved only 
if the foreign court is the natural or suitable forum. 
Nonetheless, there will be residual category of cases in 
which English proceedings will be stayed even though 
England is the natural forum, though these cases will be 
exceptional and the burden on the defendant to establish 
injustice will be a heavy one35. 

                                                 
27 Briggs, The Conflict of Laws, at 94.  
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The key principle which summarizes the entire basis 
of the forum non conveniens judgment as described by 
the House of Lords, is that a stay will only be approved 
when the court is contented that there is another 
available forum, having competent jurisdiction, which is 
the appropriate forum for trial of the action, i.e. wherein 
the action may be tried more rightfully for the interests 
of all parties and for the ends of justice36. 

According to Lord Goff the application of forum 
non conveniens requires the fulfilment of several 
conditions before becoming effective37: 1- Normally, the 
legal burden of proof rests on the defendant to convince 
the court to exercise its judgment to grant a stay. 2- If the 
first condition is prima facie satisfied, the burden will 
shift to the claimant to prove that under the particular 
circumstances by reasons of which justice requires, the 
trial should however adjudicated in England. 3- The 
defendant should establish in court that there is another 
forum which is clearly more appropriate than the English 
forum, rather than proving that the English court is not 
the suitable one.  

The most crucial elements affecting the court’s 
decisions regarding the application of the forum non 
conveniens in a dispute resolution are the principles of 
‘availability’, and ‘appropriateness’ or the ‘natural 
forum’. With regard to availability, the foreign forum 
must be open to the claimant at the time of the 
application for a stay, and must be the one in which the 
claimant has the right in practice to bring his claim38. 
This is best illustrated in Mohammed v. Bank of Kuwait 
and the Middle East KSC case wherein Evans LJ noted 
that availability means “available in practice to this 
plaintiff to have a dispute resolution”, and that whether 
substantial justice is expected to be achieved in this 
case39. However, it appears that the term availability in 
the legal context sometimes may generate ambiguity, 
since in practice it is difficult to recognize ‘what 
substantial justice means’ due to the different perception 
that many jurisdictions around the world have regarding 
this issue. 

The other important element affecting the 
implementation of forum non conveniens is the 
fulfilment of the ‘appropriateness’ condition or as 
otherwise noted the ‘natural forum’. In this respect, it 
appears that the natural forum principle has originated 
from the MacShanon case and is referred by Lord Keith 
as the State with which the action has the most real and 
substantial connection40.The court before granting a stay 
of proceedings will normally take into account which is 
the natural forum for the particular dispute41. In the 
MacShanon case the court examined the connection 
factors affecting convenience or expenses for the parties, 
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the laws governing the particular case, and primarily the 
domicile or the State where the parties respectively live 
or carry on business42. The House of Lords in this case 
held that since the dispute involved all Scotsman who 
were living and working in Scotland, the injuries were 
suffered in Scotland, and all the witnesses lived in 
Scotland, consequently the appropriate or natural forum 
for trial was in Scotland 43.Other determinant factors 
concerning the natural forum principle may include: the 
forum under consideration should have jurisdiction per 
se; the existence or lack of jurisdiction or arbitration 
clauses in contracts; the lack of independence in the 
foreign court; the incompetence or inexperience of the 
other forum; and the law surrounding the claim should 
be of the other forum and must be superiorly presented 
and considered there44.  

In light of these considerations, when the defendant 
satisfies the court that another forum is clearly prima 
facie more appropriate than the English court for the trial 
of the action, a stay will commonly be ordered45, unless 
the claimant can establish that he will be deprived of 
genuine justice by the foreign forum46. In determining 
whether justice requires that a stay should not be 
approved, all circumstances of the case will be taken into 
account by the court, which will consider facts such as 
the autonomy of the judiciary abroad47, the potential 
rejection of the claimant’s action by the other forum, and 
the inordinate delay of the order of magnitude of ten 
years before an action comes to trial, which is normally 
considered as a denial of justice48.  In general, there are 
considerations that a stay may not be declined merely 
because the claimant will thereby be deprived of a 
“legitimate personal or juridical advantage”49, because as 
commonly speaking “the plaintiff will have to take that 
forum as he finds it, even if it is in certain respects less 
advantageous to him than the English forum, and in this 
regard not all the advantages can be considered when 
exercising the forum non conveniens doctrine”50.  

Nevertheless, in absence of another natural forum 
for the trial of the action, the court will ordinary refuse a 
stay, such as in the European Asian Bank case, wherein 
the Court of Appeal rejected a stay of proceedings since 
neither India nor Singapore was considered clearly more 
suitable for trial of the action than England51. Normally, 
in these sorts of cases the legal system of the courts in 
question may be substantially different and complicated, 
and consequently the English courts will either appoint 
another suitable forum such as in the Banco Atlantico 
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S.A. case,52 or will reject a stay in proceedings. It is 
relevant to note that when an action arises out of a 
collision on the high seas it appears that there may be no 
natural forum for trial and a stay of proceedings will 
normally be refused by the court53, as it is also in cases 
when the court is likely to recognize the natural forum 
and this is England54. Furthermore, where a claim form 
has been served out of the jurisdiction under Order 11 of 
the Supreme Court Rules, the stays in proceedings are 
usually declined55.  

A substantial factor against a stay of the proceedings 
exists when parties in a dispute have agreed that the law 
governing the contract is English law, such as in the 
Kuwait Oil Co(KSC) case56 ; but when there is an 
agreement by the parties to trial in a foreign country, and 
this is predetermined in the choice of jurisdiction article 
in their contract, than there is a strong evidence that the 
suitable forum is abroad and the substantial factor is in 
favour of a stay of the English proceedings being 
established under the forum non conveniens57.  

There are different viewpoints among scholars as 
regards to the application of forum non conveniens 
doctrine. On the one hand, there are negative opinions 
arguing that the doctrine allows parties to take legal 
action in relation to where to litigate, and that is 
undesirable when what they ought to be doing is to 
dedicate their sources towards the core claim58.  In 
addition, it has been argued that when an English court 
stays its proceedings in favour of another court, and 
subsequently, the second one refuses jurisdiction, than 
this situation may bring controversy and problems to 
dispute resolution59.  Also, there is an allegation by civil 
lawyers that the doctrine can lead to arbitrary decisions, 
and moreover, may not provide certainty and 
predictability60. On the other hand, there are notable 
scholars which highlight that forum non conveniens 
doctrine “is a final possible step in the methodology 
through which the problems of incongruities can be 
clarified”61. 

In the opinion of this writer, the procedures of forum 
non conveniens may be occasionally time consuming 
due to the additional procedures emanated from the 
‘choice of forums’ dispute, may inflict additional costs, 
and can complicate sometimes the legal practice when 
the legislations of the States involved in the case, 
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particularly in parallel proceedings, are incompatible. 
Nonetheless, the doctrine of forum non conveniens 
doctrine, generally, appears to be a valuable and an 
effective instrument for the ends of justice, since it 
assists the litigants to consider advantages of diverse 
jurisdictions; it provides a comprehensive and flexible 
legal practice consistent with contemporary 
developments in the private law domain; and primarily 
because renders better fairness and justice in dispute 
resolutions. In addition, the doctrine validates itself as a 
kind of alternative dispute determination, wherein the 
assessment of respective jurisdictions may permit the 
litigants to measure the strength of the other’s case”62. 
Therefore, in this respect, the doctrine of forum non 
conveniens may be regarded as an improvement in the 
rule of jurisdiction63. 

 
4. LIS ALIBI PENDENS VS. FORUM NON 
CONVENIEN S 
 

Lis alibi pendens is referred to as a case where a 
legal action concerning the same parties and the same 
matter is adjudicated simultaneously in two diverse 
jurisdictions64. In this regard, the question before the 
English courts is not basically to determine which of the 
alternative forums the claimant must sue; but the 
decisions of the court are based on the considerations 
whether a stay is declined, or a stay is granted. In the 
former, the court may allow the parties to have trial in 
England as well as trial abroad; and in the later case, the 
parties may be allowed by the court to have the trial 
abroad65.  

The lis alibi pendens regulatory provisions may be 
found in the 1968 Brussels Convention and 1988 Lugano 
Convention. In this respect, the Articles 21 to 23 of the 
Brussels Convention contain the most relevant 
provisions regarding the concurrent actions pending in 
different Contracting States between the same parties 
and involving the same legal action66. The principles of 
these Conventions are incorporated into English Law by 
the Civil Jurisdiction and Judgment Act 1982, which 
stipulates that the courts may apply the forum non 
conveniens doctrine, providing, is not contradictory with 
the main philosophy of the Conventions67.  

The legal practice of the English courts has shown 
that the interrelated applicability of both doctrines based 
on the principles of the Conventions, appears to be 
effective in England and among the Contracting States68. 
However, issues may arise regarding the application of 
forum non convenience within the framework of lis alibi 
pendens principles contained in the Conventions when a 
defendant resident in Contracting State may claim a stay 
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on the ground that a court in a non-Contracting State is 
the suitable forum69. Another difficulty may arise when 
the court has jurisdiction over the defendant, but the 
legal action has a real connection with a non-Contracting 
State (action in rem in this State), were it would deprive 
the court of its jurisdiction70.Albeit the above-mentioned 
issues, it appears that the core principles of the 1968 
Brussels Convention and Lugano Convention may allow 
the application of forum non conveniens within the lis 
alibi pendens doctrine, which may indicate as a result a 
substantial relationship between two doctrines. 

The doctrine of lis alibi pendens appears to share 
similar principles and legal values with forum non 
conveniens doctrine. Notwithstanding the consideration 
that there are specific factors prevailing in cases of lis 
alibi pendens, it seems that its existence is just a 
supplementary factor relevant to the determination of the 
natural forum in forum non conveniens cases71. In the 
Abedin Daver case Lord Diplock noted that, when legal 
actions were pending in a foreign forum between parties, 
then concurrent proceedings in two diverse jurisdiction 
could only be justified if the potential plaintiff in 
England could establish objectively by rational evidence 
that there was some ‘personal or juridical advantage’ that 
would be available to him only in England and which 
was of such significance that it would cause unfairness 
to deprive him72. Tetley also notes that when there is a 
litigation on the same issue between the same parties in 
another jurisdiction i.e. lis alibi pendens, the national 
court in its judgment will typically stay the proceedings 
based on forum non conveniens, but on the condition that 
the plaintiff keenly follow its suit in the other 
jurisdiction73, which is the more appropriate forum for 
him. Similarly, Lowe comments that the doctrine of lis 
alibi pendens indicates that if a significant identical case 
is already pending before a competent tribunal, a second 
forum may reject to exercise its own jurisdiction74. All 
these indications are leading towards the theory that the 
doctrine of lis alibi pendens through the application of 
the ‘natural forum’ principle may assist the judges to 
apply the doctrine of forum non conveniens. 

Furthermore, when considering the connection 
between the two doctrines, of a great significance is the 
analysis of the conditions under which both doctrines 
can become effective. As it was noted, under the 
doctrine of forum non conveniens the denial of a stay in 
English proceedings will usually lead to a lis alibi 
pendens situation and vice-versa. In this regard, the 
architect of the forum non conveniens doctrine Lord Goff 
did not explain how the new reaffirmed principles or 
conditions of forum non conveniens would operate in 
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cases involving lis alibi pendens75 . Nevertheless, mainly 
from the legal practices of the English courts, it appears 
that the same conditions applied in forum non 
conveniens (natural forum and availability requirements) 
are relevant also in the proceedings pending in the 
alternative forum i.e. lis alibi pendens76. Dicey notes in 
this regard that the conditions enunciated in Spiliada 
case and later confirmed in the de Dampierre case are 
applying now whether or not there are other proceedings 
already pending in the alternative forum77.  

The most notable case wherein the lis alibi pendens 
approach can be best illustrated is the Cleveland Museum 
of Art case. The interrelationship between the doctrines 
of forum non conveniens and lis alibi pendens in this 
particular case appeared to be significant. This dispute 
involved parallel proceedings in Ohio and England 
between the same parties for the same legal action. In 
this case Hirst J applied the same forum non conveniens 
principles from the Spiliada case by investigating the 
detrimental outcomes of concurrent proceedings in terms 
of the factors such as possibility of conflicting judgment, 
and the inconvenience and expenses to the parties, 
reaching ultimately to the conclusion that the Ohio 
forum was obviously the most suitable forum for trial of 
the action, and subsequently a stay of English 
proceedings was granted78. As a result, the deliberation 
of the case reveals a comprehensive relationship between 
lis alibi pendens and forum non conveniens doctrine i.e. 
from lis alibi pendens situation the court based on the 
same principles applied forum non conveniens. 

With regard to lis alibi pendens proceedings is 
important to note that when an action is commenced 
abroad to avoid being time-barred, as well as there is a 
lack of substantial progress made in the foreign 
proceedings the court will normally refuse the lis alibi 
pendens79. In contrast, if genuine proceedings have 
developed abroad to the stage where they have some 
impact upon the dispute80, as well as when the claimant 
has no rights to bring the entire of his claim before one 
forum, then parallel proceedings may be considered as 
rational, and the claimant should not be required to 
choose81. 

Notwithstanding the similarities and the possible 
interrelationship between the afore-mentioned doctrines, 
it appears that lis alibi pendens is characterized by some 
negative points. First, in contrast to forum non 
conveniens, the lis alibi pendens doctrine is more 
criticized by legal scholars because it promotes a court 
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racing82, such as the inappropriate race and estoppels 
issues in Abedin Daver case; and secondly, the 
application of lis alibi pendens may involve more 
expenses and inconvenience to the parties83. The 
opposition to lis alibi pendens is even stronger if a 
negative declaration84 is involved in one of the courts85. 
Another substantial deficiency by the doctrine is that lis 
alibi pendens rules are considered inflexible because 
they may provide precedence to the forum initially 
seized without accepting the possibility of choice 
between diverse jurisdictions offered by the forum non 
conveniens philosophy86. Consequently, in light of these 
considerations, it appears that the English courts and its 
lawyers favour the application of the well established 
forum non conveniens doctrine87, which after the 
Spiliada case has replaced in England the old doctrine of 
lis alibi pendens88 criticised for its deficiencies. 

 
5. CONCLUSIONS 
 

As a result, after a certain time period of ambiguity 
and uncertainty in the English courts, the doctrine of 
forum non conveniens was finally accepted by the 
English judicial system in the Abedin Daver case and 
subsequently in Spiliada case, wherein its main 
principles were laid down and summarized effectively 
by the House of Lords. Whereas many common law 
jurisdictions have adopted effectively the doctrine, the 
Australian approach appears to be ambiguous due to the 
integration of civil law principles within its practice, 
which in turn may obscure the application of the forum 
non conveniens doctrine. 

Notwithstanding the negative opinions surrounding 
the doctrine that its procedures may be time consuming; 
may lead to arbitrary decisions; and can sometimes 
complicate the legal practice, the doctrine of forum non 
conveniens is regarded as an improvement in the rule of 
jurisdiction since it assists the litigants to consider 
advantages of diverse legal systems and to be 
adjudicated according to ‘the most appropriate forum’; 
promoting thus better fairness and justice in the dispute 
resolution. Therefore, the doctrine appears to be a 
valuable, effective and well established principle, 
particularly, in common law jurisdictions. 

In addition, this paper revealed that a significant 
relationship seems to exist between forum non 
conveniens and lis alibi pendens since the later is 
considered a supplementary factor relevant to the 
determination of the natural forum in forum non 
conveniens cases; both doctrines operate basically under 
the same legal principles and; they are in search of the 
same objective i.e. to render better justice in legal 
disputes. Moreover, forum non conveniens may be 

                                                 
82 Marco Pistis, Forum non conveniens, at 4-5 
83 North, Cheshire and North's Private International 
Law, at 347.  
85 North, Cheshire and North's Private International 
Law, at 347. 
86 Marco Pistis, Forum non conveniens, at 10 
87 Ibid., at 3 
 



Constanta Maritime University Annals                                                                     Year XIII, Vol.18 
 

 83 

applied within the framework of lis alibi pendens 
principles stipulated in Brussels and Lugano 
Conventions. Nonetheless, lis alibi pendens may 
promote court racing, and is considered mechanistic 
since it may provide precedence to the forum initially 
seized; therefore, after the Spiliada case, this doctrine 
has been replaced in England by the doctrine of forum 
non conveniens. 

All in all, it appears that forum non conveniens, lis 
and alibi pendens’ doctrines share basically the same 
fundamental legal values and principles, reflecting thus a 
system of complementary and interrelated legal elements 
operating under a common legal philosophy seeking the 
same final objective, i.e. ‘better and superior justice 
towards the legal dispute resolution’. In light of these 
considerations, it may be submitted that, a substantial 
interrelationship exists among these legal doctrines. 
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CLAMSHELL BUCKET - DIGITAL MODELING METHOD 
 

ANGHELACHE DIANA-GINA  
 

Dunărea de Jos University of Galati, Engineering Faculty in Braila 
 
ABSTRACT 
 

I’ve realized the whole modeling using NX 7.5 software. This method has the advantage that can change the design 
(even "Freeform" geometry) and works with information from other CAD systems, leading to increased design 
productivity. 

A bibliographic study on the current status of various types of construction equipment solutions to load clamshell 
type was necessary for clamshell type aggregate 3D modeling. 
 
Keywords: equipment, clamshell buckets, 3D modelling, software 
 
 
1. INTRODUCTION 
 

Clamshell buckets are automatic loading and 
unloading devices. Considering their way of action, they 
could be cable operated (one, two or four command 
cables), electric rotor or hydraulically operated. 

Clamshell buckets’ design varies according to their 
specific task. Single cable operated clamshell buckets are 
those with flexible traction devices used for lifting, 
lowering, opening or closing operations. 

Double cable clamshell buckets are the most 
utilized due to their simple design and efficiency. 

The hoist drum braking, the winding and unwinding 
of the closing wire rope lead to clamshell bucket closing 
or opening. Simultaneous winding and unwinding of 
both wire ropes, at the same speed, lifts or lowers the 
clamshell bucket. 

Maintaining the same speed is absolutely necessary 
for a proper clamshell bucket running. 

A simple or double pulley is required to open or 
close the clamshell bucket. Double wire rope sagging 
clamshell bucket increases operating stability. 

Clamshell digging is a result of clamshell bucket’s 
own weight so the clamshell buckets with a lower weight 
than the required one according to the load consistency 
will slip over the surface of the material, impeding the 
loading, and a higher one will lead to clamshell bucket 
dipping into the load. 

Grapple buckets are recommended equipments for 
handling bulk higher granulated loads. 

 
2. ASSEMBLY MODELING 

 
Clamshell buckets are operated closing and opening 

devices attached to lifting equipments. They dig and 
grab the materials and unload it to a designated place or 
to transportation equipment. Any clamshell bucket has 
two mechanisms: closing-opening clamshells mechanism 
and the lifting-lowering one. 

Grabbing and releasing the load are automated 
operations compared to other grabbing devices (hooks, 
buckets) in which case an operator is required. 

Double clamshells buckets hold a certain volume. 
They are designed to handle finely granulated 

material: sand, gravel, salt, cement, etc. 

Clamshell bucket’s modeling using NX7 software 
allows 3D solids parametric design. 3D model is based 
on sketches (Sketch) created using ‘Sketcher’ application 
when Sketch command is activated. ‘Sketcher’ 
environment is left after designing the curves and 
applying the sketch’s restraints.  

After that, the sketch is used in order to create 
solids or surfaces utilizing modeling operations.  

The solids can be modified by adding extra 
operations to get to desired shape. 

The technical characteristics of the designed 
assembly are: bucket’s capacity - 6,3m3; Tmaximum 
opening: 4500mm; closed clamshell bucket height: 
4150mm; opened clamshell bucket height: 5120mm; 
closing wire rope diameter: Φ28; lifting wire rope 
diameter: Φ28. 

Each component was designed using NX 7.5. 
software. 

It started with a sketch for every single part using 
the commands as it follows: Sketch, Profile (Line), Arc, 
Circle, Quick trim, Quick extend, Constraints. Extra 
commands can be used according to each part design 
requirements: Chamfer, Rotate, Mirror curve, Offset 
curve, etc.  

Dimensioning and extruding was realized after 
sketching, using the commands ‘Extrude’ and ‘Revolve’, 
considering each particular case.  

At this stage, the design could be modified 
according to the requirements (holing, detaching certain 
volumes to obtain certain shapes or surface 
particularities).  

Achieving that involved the using of certain 
commands: Hole, Edge blend, Chamfer, Unite, Subtract, 
etc.  

 
 

a) 
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b) 
 

 
 

c) 
 

 
 

d) 
 

Figure 1 – Clamshell bucket’s parts 
a) clamshell; b) fork; c) small roller; d) big roller 

 
I have realized the assembly after each component 

was designed. In order to do that, I have brought the 
parts’ files in the working window and assembled the 
equipment piece by piece. 

I have used assembling constraints (Touch Align, 
Angle, Fix, Parallel, Concentric and Distance) for a more 
accurate assembling process. 
 
3.  MODELING RESULTS 
 

The modeling results are illustrated as it follows: 
 

 
 

Figure 2 
 
 

 
 

Figure 3 
 

 
 

Figure 4 
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Figure 5 
 

The components of the clamshell bucket have been 
assembled piece by piece. The modeling results have 
been presented in images. First, I have presented the 
clamshell bucket with closed clamshells but without the 
wire ropes – Figure No.2, then the components 
assembled one by one- Figure No.3, after that, the 
clamshell bucket with opened clamshells- Figure No.4 

and the last image, the clamshell bucket with closed 
clamshells – Figure No.5. 
 
4.  CONCLUSIONS 

 
There are different types of clamshell buckets and 

their efficiency and price varies according to the 
producer.  

Their productivity also varies according to their 
specific task. The production costs get lower as the 
design solution gets versatile and the production well 
managed.  

I have paid attention to technical parameters 
analysis, considering the advantages and disadvantages 
of each design solution according to different 
assignments. 

The comparative analysis involving different design 
and constructive solutions considered the dimensioning 
and specific calculation starting with 2D model.  
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INFLUENCE OF NOISE ON THE PHYSIOLOGICAL ACTIVITY OF THE BLUE 

MUSSEL (MYTILUS GALLOPROVINCIALIS) FROM THE BLACK SEA 
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ABSTRACT 
 

In the last period, the ecosystem of the Black Sea has been highly changed and disturbed: extensive pollution, 
coastal development, disturbance caused by extensive vessel traffic, over-fishing, etc. , were several of the causes . In 
this paper we present the influence of vibration (as a source of noise) on the physiological activity of the Black Sea blue 
mussels (Mytilus galloprovincialis, Lamarck, 1819). Marine organisms are forced to implement their own strategy of 
defence against stress factors. Along their evolution, under the influence of environmental factors, mussels put in place 
anti-oxidant enzyme - systems and non-enzymatic defence systems against the action of harmful free radicals resulting 
from metabolic processes of organic xenobiotics. We can consider that in the Black Sea shallow waters, where, on 
rocky substrata the dominant species is the blue mussel, noises or vibrations with high frequency are harmful for the 
ecosystem. 

 
Keywords: Mytilus galloprovincialis, oxidative stress, noise, spectrogram, physiological activity, ,Black Sea 
 
1. INTRODUCTION 
 

Free radicals of oxygen (ROS) are transitory 
molecules or molecular fragments of high complexity, 
able to interreact with all bio-molecules (lipids, proteins, 
carbohydrates and nucleic acids), altering them 
structurally and functionally. The free radicals of oxygen 
are the superoxid radical, the hydroxyl radical, the 
hydrogen peroxide radical (hydrogen peroxide) and 
singlet oxygen [9]. 

In marine organisms, the free radicals of oxygen 
can be generated under hypoxia or experimental induced 
environmental hyperoxia conditions [15]. 

The oxygen free radicals can be neutralized by 
cellular antioxidant defence system consisting of 
enzymes such as superoxid dismutase (SOD), catalase 
(Cat), glutathione peroxidase (GPX) and some 
nonenzimatice antioxidants such as vitamin A, C, E, 
GSH, flavonoids, ubiqinona [6][7]. 

 In the body of molluscs (bivalves) were discovered 
the components of the antioxidant enzyme system, such 
as superoxid dismutase, catalase and glutathione 
peroxidase, as well as numerous non-enzymatic 
substances with antioxidant activity and with high 
molecular weight, for example vitamins A, C, E and 
GSH [1][2][12][15]. 
 

2. MATERIALS AND METHODS USED FOR  
EXPERIMENTAL RESEARCH OF ACCOUSTIC 
EMISSIONS ON THE PHYSIOLOGICAL 
ACTIVITY OF THE BLUE MUSSEL 
 

The quipment used in experiments was obtained  
under the RoNoMar contract, from Bruel & Kjaer 
Company (B & K), and was used to perform 
measurements of underwater noise. The following 
equipment was used: 3 8106 hydrophones type  2 
hydrophones type 8104, type 2713 power amplifier, data 
acquisition system XI LAN, laptop 14 PULSE software, 
cables, type 4229 calibrator (Figure 1). 

Underwater sound measurements were processed 
and analyzed by the help of the FFT analysis (Fast 
Fourier Transform) and the Wavelet analysis.  

In order to study the influence of vibration (as a 
source of noise) on the physiological activity of the 
Black Sea blue mussels (Mytilus galloprovincialis, 
Lamarck, 1819), healthy individuals were collected by 
scraping mussels  off the epybiosis  of berth no. 79, 
located to the south of Constanta Port, less influenced by 
port operations. A quantity of 180 l seawater was taken 
from the same area to fill the experimental ponds / tanks. 
(Figure 2). 
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Figure 1 Equipment used for the experimental research on accoustic emissions in the coastal marine environment: 
components  of a 8106-type hydrophone; b -8104 type hydrophone; LAN-XI data  entry  system; d- type 2713power 

amplifier; e- the screenshot representing the  PULSE 14 software from Bruel & Kjær's 
 

 
Figure 2 Place of sampling mussels (a) by scraping the 

epybiosis (b) 
 

Vibration in the sample zone was determined 
(16/03/2010 and 09/04/2010), together with the 
biochemical parameters of collected mussels as reference 
values for the two series of experiments (Figure 3), 

 
Figure 3 Determination of vibration values of the marine 

environment when sampling: a - an overview of the  
equipment used, b - recording the vibrations on  the 

laptop screen 
 

A total of 80-90 mussels (length class of 35-40 mm 
and 45-50 mm) were kept in ponds / tanks / aquariums of 
40 L, or in 60 L glass ponds, at temperatures ranging 
from 10 to 13 ° C, salinity from 14.1 to 14.6, pH = 8.2 to 
8.4 IU, food being provided by algal cultures obtained 
from existing diatoms in seawater enriched by culture sp. 

Tetraselmis. Water oxygen tanks were provided by 
bubbling air. 

For each experimental stage 2 tanks of different 
dimensions were used: the first, a 30 litre tank, and the 
latter, a 50 litter one. For all the experiments a witness 
tank was used for monitoring the mussels evolution in 
normal conditions (Figure 4). 

 
 

Figure 4 Ponds (aquariums) used in the 
experiment : a experimental ; b, c witness 

 
The experiment was conducted over a period of 4 

weeks (19.03 -22.04.2010), and two repetitions every 2 
weeks for each of them. During this period, mussels 
were "stressed" with acoustic signals of different 
frequencies. By using the PULSE program from B & K, 
was generated and sent to 7071 V RMS signal through 
LAN DAQ XI, and the power amplifier type 2713 to two 
hydrophones type 8104. Noise was measured with two 
hydrophones type 8106, which were connected to the 
DAQ, and then the signals were transmitted to the laptop 

Berth no. 79 

a b 

a b c 

d e 

b a 

a b 

c 
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(Figure 5). Position hydrophones type 8106 in the tanks 
were placed  about 6-7 cm from the bottom and 8.9 cm 
from the sides. 

 
 

 
Figure 5 Experimental configuration 

 
In the first experiment the emission frequency was 

300 Hz signal, while in  the second it was 16000 Hz. 
Signals were generated using the  8104 type  hydrophone 
as transmitters. A second source of noise was the air 
pump, with a fundamental frequency of 50 Hz. In 
conclusion, during the experiment two sources of noise 
were continuously provided in the basins.   

After a period of 72 hours from the beginning of the 
experiment the blue mussels were sacrificed for analysis; 
their tissue was examined in order to state some 
metabolic parameters of oxidative stress: the superoxide 
dismutase activity, the catalase, the reduced 
concentration of glutathione (GSH) and the protein 
concentration. In determining the metabolic oxidative 
stress parameters we used the following  methods: 
• Superoxide dismutase (SOD) - method based on its 
ability to inhibit the reduction of tetrazolium salt - Nitro 
Blue tetrazolium (NBT) with superoxide radicals [14] 
• The activity of catalase (CAT) - kinetic method based 
on the decomposition of hydrogen peroxide radicals 
existing in the reaction medium, as a result of catalase 
activity, using a spectrophotometer at 240 nm and 25 ° 
C, dt = 60 seconds  [3]. 
• Reduced glutathione (GSH) - classical colorimetric 
method based on DTNB reaction in the presence of GSH 
in the environment using a spectrophotometer at 412 nm 
[4]. 
• Malonildialdeide (MDA) - conventional colorimetric 
method described by Drapper and Hadley, 1990 [5]. 

All of the reagents used for the completion of these 
experiments were purchased from Sigma-Aldrich 
(Steinheim, Germany). The data were statistically 
interpreted using statistical analysis software Origin 
Pro75. The difference is considered statistically 
significant when p ≤ 0.05. 

 
3. MEASUREMENTS (RECORDS) OF THE 
NOISE EMISSIONS, AND THEIR EFFECTS ON 
THE SPECIES MYTILUS GALLOPROVINCIALIS 
 

It was observed that the oxidative stress  is not 
obvious if  appropriate equipment and experimental 
approaches are used (experimental values for noise 
measurements were summarized by number of 
experiments, pools and sources (Figure 6); 

 

 

Figure 6 Measured values of noise and graphic 
representation of its evolution in the two experiments: a - 
graphical representation of the evolution of noise for the 

first experiment, b - graphical representation of noise 
evolution for experiment no 2 

 
We found that biochemical indicators for oxidative 

stress (superoxide dismutase, catalase, glutathione 
reduced malonildialdehida) in tissues of mussels exposed 
to different noise emissions reveal that the action of low 
frequency sounds (from 300 Hz) in experimental ponds 
over 144 hours, do not induce oxidative stress (Table  1). 

 
Table 1 Mean values of superoxide dismutase, catalase, 
reduced glutathione and of malonildialdehide after 144 
hours of exposure at vibrations of 7 V RMS at 300 Hz 

 

SOD CAT Experi-
mental 
group 

Statis
-tics 
index 

EU•mg of 
proteins-1 

GSH 
ng• mg 
of 
prote-
ins-1 

MDA 
nmol• 
mg of 
prote-
ins-1 

X±ES 4.54± 
2.93 

1.04± 
0.63 

1.10 ± 
0.28 

2.59± 
0.92 

n 9 9 10 10 
t - 2.54 9.68 5.33 
P NS 0.02 0.001 0.001 

labora-
tory 
control 
group 

+/- 
M% 

+ 
12.09 

+ 
116.6 

- 
141.81 

+ 
172.6 

X±ES 5.80± 
3.00 

1.47± 
1.09 

2.91 ± 
0.12 

1.61± 
0.31 

n 10 8 9 9 
t - - 2.06 3.16 
P NS NS 0.03 0.001 

experi-
mental 
group 1 

+/- + + +  

a 

b 
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M% 27.75 41.34 164.54 60.86 
X±ES 2.82± 

1.06 
0.63± 
0.30 

1.17 ± 
0.42 

2.12± 
0.84 

n 9 10  9 9 
t 2.29 - - - 
P 0.03 NS NS NS 

experi-
mental 
group 2 

+/- 
M% 

- 
60.99 

- 
65.07 

+  
6.36 

-
22.16 

LEGEND: X ± ES - arithmetic mean ± standard error, n= 
the number of individual values which lead to the 
average, t = test 't' of Student, p ≤ threshold of statistical 
significance, NS = statistically insignificant. 

 
After a longer period of exposure to noise (216 

hours), comparing the mean  values of the studied 
biochemical parameters with those obtained for the 
control group, it has been ascertained a noticeable 
decrease in superoxide dismutase (SOD) activity in 
experimental groups 1 and 2, due to the mobilization of 
the enzyme in order to catalyze the reaction in which 
superoxide radicals are involved [8] 

Catalase (CAT) acts on the substrata generated by 
superoxide dismutase, and as it is seen in the described 
experiments, the enzyme activity decreases, which 
indicates that at this level, the concentration of hydrogen 
peroxide radical has exceeded the normal limit for the 
mussel’s cell. The oxygen free radicals may affect the 
morphological constitution of lipids, eventually leading 
to cell death.  

Malonildialdehide (MAD) is an index of lipid 
peroxidation of membrane concentration and this 
parameter increases only when cell membranes are 
suffering changes. In our experimental model we 
observe an increase in concentration of 
malonildialdehide, information that supports the 
hypothesis of the presence of oxidative stress [13] ( 
Table 2) 

 
Table 2 Mean values of superoxide dismutase, catalase, 
reduced glutathione and of malonildialdehide after 216 
hours of exposure at vibrations of 7 V RMS at 300 Hz 

 

SOD CAT Experi-
mental 
group 

Statis-
tics 

index 
EU•mg of 
proteins-1 

GSH 
ng• mg 

of 
prote-
ins-1 

MDA 
nmol• 
mg of 
prote-
ins-1 

X±ES 7.81± 
2.54 

1.41 ± 
0.37 

1.92 ± 
0.30 

2.03± 
0.61 

n 10 10 10 10 
t 4.48 7.02 3.37 4.92 
P 0.001 0.001 0.003 0.001 

labora-
tory 

control 
group +/- 

M% 
+ 
92.83 

+ 
182.0
0 

- 29.68 + 
113.6
8 

X±ES 4.10 
± 
1.02 

0.65 ± 
0.20 

2.80 ± 
0.80 

4.61± 
1.96 

n 10 10 9 10 
t 4.27 6.38 2.96 3.96 
P 0.001 0.001 0.001 0.001 

experi-
mental 

group 1 

+/- - - - 45.83 + 

X±ES 4.05±
1.47 

0.83 ± 
0.36 

2.31 ± 
0.46 

4.65± 
0.48 

n 10 10 10 10 
t 4.03 3.40 2.22 10.57 
P 0.001 0.003 0.03 0.001 

experi-
mental 

group 2 
+/- 
M% 

- 
92.83 

- 
69.87 

+  
20.31 

+ 
129.0 

 
During the experiments, we chose a fixed frequency  

for the signal generated by the hydrophones over a 
broadband signal in order to identify the contribution of 
hydrophones to SPL. For lower frequencies  the oxygen 
injectors noise spectrum dominates the frequency 
spectrum, and when we have higher  frequencies, the 
noise of hydrophones is the only noise source. 

In the second experiment, the two experimental 
groups were labeled 3 and 4, and were exposed to 
sounds with an intensity of 173 dB at 16 kHz. The other 
environmental conditions (temperature, water salinity, 
pH, and algal diet, equally air injectors) were the same as 
in the first experiment. 

The values of the studied biochemical parameters 
determined for the mussels collected from the Constanta 
Harbour are in concordance with those offered by the 
references. [11] 

 If mussels are exposed to 72 hour high frequency 
sound (starting with 16 kHz) (Table 3)  or for more than 
72 hours (Table 4), induction of oxidative stress is  
observed, together with  an activation of the biosynthesis 
mechanisms of superoxide dismutase (SOD) and catalase 
(CAT), directly involved in cell defense against 
damaging actions of oxygen free radicals resulting from 
metabolic processes. 

GSH can react directly with the oxygen free radicals 
or through enzyme whose cofactor is. This explains why 
the concentration of GSH decreases in experimental 
group 3. Lipid peroxidation index (MDA) concentration 
remains constant, proving that the cellular antioxidant 
system still gets through the concentration of free 
radicals. 

 
Table 3 Mean values of superoxide dismutase, catalase, 
reduced glutathione and of malonildialdehide after 72 
hours of exposure at vibrations of 173 dB at 16 kHz 

 

SOD CAT Experi-
mental 
group 

Statis
-tics 
index 

EU•mg of 
proteins-1 

GSH 
ng• mg 

of 
prote-
ins-1 

MDA 
nmol• 
mg of 
prote-
ins-1 

X±ES 1.69±
0.14 

0.57±
0.18 

2.35± 
0.59 

0.38± 
0.08 

har-
bour 
control 
group 

n 10 10 10 10 

X±ES 7.69±
0.67 

0.71±
0.25 

2.11± 
0.32 

0.36 ± 
0.02 

n 8 9 10 10 
t 27.67 - - - 

labora-
tory 
control 
group 

P 0.001 NS NS NS 
X±ES 4.39±

0.98 
0.65±
0.23 

1.42± 
0.24 

0.46± 
0.14 

experi-
mental 
group 3 n 10 9 10 10 
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t 8.52 - 4.80 - 
P 0.001 NS 0.001 NS 
X±ES 7.04±

1.08 
0.93±
0.23 

1.94± 
0.35 

0.59± 
0.38 

n 10 10 10 10 
t 15.42 4.59 - - 

experi-
mental 
group 4 

P 0.001 0.002 NS NS 
 
Table 4 Mean values of superoxide dismutase, catalase, 
reduced glutathione and of malonildialdehide after 144 

hours of exposure at vibrations of 173 dB at 16 kHz 
SOD CAT Experi-

mental 
group 

Statis-
tics 
index 

EU•mg of 
proteins-1 

GSH 
ng• mg 
of 
prote-
ins-1 

MDA 
nmol• 
mg of 
prote-
ins-1 

X±ES 4.69±
1.26 

0.76±
0.32 

0.52± 
0.22 

0.80± 
0.68 

n 10 10 10 10 
t 7.46 - 9.55 - 

labora-
tory 
control 
group 

P 0.001 NS 0.001 NS 
X±ES 6.22±

1.01 
1.22±
0.22 

0.22± 
0.08 

0.49± 
0.29 

n 10 10 10 10 
t 2.97 3.67 4.02 - 

experi-
mental 
group 3 

P 0.008 0.001 0.001 NS 
X±ES 6.09±

1.79 
1.46±
0.15 

0.36± 
0.18 

0.51± 
0.24 

n 10 10 10 10 
t 2 6.12 - - 

experi-
mental 
group 4 

P 0.05 0.001 NS NS 
 

In the last 72-hour exposure to a noise of 173 dB 
(totaling 216 hours),  the mean values of biochemical 
parameters analyzed showed a direct involvement of 
cellular antioxidant defense systems in the free radicals,  
and even an inability to protect the  cells (Table 5), 
which is a proof of the fact that medium oxidative stress 
appeared. 

Marine organisms are forced to implement their 
own strategy of defense against stress factors. Along 
their evolution, under the influence of environmental 
factors, mussels put in place anti-oxidant enzyme - 
systems and non-enzymatic defense systems against the 
action of harmful free radicals resulting from metabolic 
processes of organic xenobiotics [11]. Dissolved oxygen 
is a critical component of the aquatic environment. 
During normal cell metabolic reactions, oxygen is 
converted to 0.1-0.2% oxygen free radicals [10]  

 
Table 5 Mean values of superoxide dismutase, catalase, 
reduced glutathione and of malonildialdehide after 216 

hours of exposure at vibrations of 173 dB at 16 kHz 
SOD CAT Experi-

mental 
group 

Statis
-tics 
index 

EU•mg of 
proteins-1 

GSH 
ng• mg 
of 
prote-
ins-1 

MDA 
nmol• 
mg of 
prote-
ins-1 

X±ES 6.50±
0.52 

1.14±
0.28 

1.75±0.
22 

0.78±
0.24 

n 10 10 10 10 

labora-
tory 
control 
group t 27.55 5.57 3.11 4.91 

SOD CAT Experi-
mental 
group 

Statis
-tics 
index 

EU•mg of 
proteins-1 

GSH 
ng• mg 
of 
prote-
ins-1 

MDA 
nmol• 
mg of 
prote-
ins-1 

P 0.001 0.001 0.005 0.001 
X±ES 5.56±

1.07 
1.07±
0.27 

1.93± 
0.45 

1.12±
0.50 

n 10 10 10 10 
t 2.22 - - - 

experi-
mental 
group 3 

P 0.03 NS NS NS 
X±ES 3.86±

1.98 
1.10±
0.43 

2.04±0.
33 

1.43±
0.20 

n 10 10 10 10 
t 4.07 - 2.30 6.52 

experi-
mental 
group 4 

P 0.001 NS 0.03 0.001 
 

4. CONCLUSIONS 
 
Studying the impact of underwater sound / noise on 

a few Black Sea populations determined us to introduce 
the experimental method in the  working protocol;  the 
mussels (Mytilus galloprovincialis) experimentally 
exposed to different noise emission, according to 
analysis  carried out on tissues,  presented changes of 
biochemical indicators for oxidative stress (superoxide 
dismutase, catalase, reduced glutathione and 
malonildialdehida), from which  we  can draw the 
following conclusions: 

• action of low frequency sounds (from 300 Hz) 
for 144 hours do  not induce oxidative stress; 

• increase of malonildialdeide concentration ,  for 
a  higher exposure (216 hours) to low frequency 
sounds, explains the  oxidative stress 
hypothesis; 

• mussels exposure to high frequency sound (16 
kHz), over 72 hours, induces oxidative stress. 
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CONTACT STRESS ANALYSIS IN ROLLING BODIES BY FINITE ELEMENT METHOD 
 

AXINTE TIBERIU  
 

Constanta Maritime University, Romania 
 
ABSTRACT 
 

Analysis of contact stress in rail and wheel is very important in mechanical and railway engineering. In this 
research is presented the contact stress for two rolling bodies by the use of the finite element method (FEM). The model 
considers the wheel and the rail as elastic deformable bodies and it is solved using numerical methods. Next, critical 
area in rail and wheel are determined, based on the results of the stress numerical analysis. Prediction of critical points 
uses this numerical method and its results. To analyse the pressure of contact between the wheel and the rail, elliptical, 
rectangular and circular contact surfaces are assumed for this study. Based on these assumptions, according results are 
achieved. The rail fracture, failure and analysis of stress should be studied to prevent rail fracture and accidents. The 
analysis of contact stress is performed by FEM and the results are compared with respect to the shape of the contact 
surface initially assumed. Moreover, the results are valuable for analysing the crack creation in critical points and 
surfaces. Comparing the results of the finite element study with the results of analytical studies for the determination of 
the contact stress in rolling bodies, one can notice the convergence of these results.  
 
Keywords: contact stress, rolling bodies, FEA results, analytic study results, convergence of results 
 
 
1. INTRODUCTION 
 

The recent evolution of railway systems in the 
world has emphasized the necessity of more efficient 
management and, at the same time, of developing new, 
more accurate, design approaches to reducing costs and 
increasing safety and reliability of railway systems. 
Among all the sub-systems and the components that are 
a part of a railway system, the wheel/rail interface is one 
of the most delicate, as performances of the train, as well 
as safety. Through the wheel/rail interface, in fact, the 
dynamic and static loads pass from the rail to the wheel 
ia a really small contact area, whose extension and 
geometry can vary during the in-service period. The 
behaviour of the wheel/rail interface is paramount for 
being certain that adequate comfort, stability and safety 
is guarantied during the train trip. Computer based 
methods are the appropriate instruments of investigation 
which offer an overview regarding the phenomenon in 
engineering [3], [4]. 
 
2. MATERIAL AND METHODS  
 

In this paper, analysis of contact stress for two 
rolling bodies is presented using the finite element 
method (FEM). The first stage is to determine the critical 
surface of stress, the positions of critical stresses being 
identified by FEM. From the beginning it is expected to 
be some differences of the values of these stresses, 
aspect presented in the section of stress analysis theory. 
Vertical cracks will grow faster than other cracks. 
According to analytical and numerical results, the 
direction of the crack growth and also the prediction of 
the fracture depend on the values of maximum stress and 
displacement or the value of multiplying of maximum 
stress and displacement. All these, maximum stress, 
displacement and critical surface and stress may be 
calculated by the use of the FEM. In order to analyse the 
contact stresses, numerical methods are used. 

The induced loads in the contact area have been 
done by FEM analysis. Figures present the standard rail 
profile UIC60 and position of forces in the contact 
surface. The induced load of a wheel is about 10 tones. 
The contact surfaces are assumed to be elliptical, 
rectangular and circular. In this research the axial load is 
considered about 22 tones. The loadings that are induced 
to the rail and the wheel are 50 to 200 KN. The model of 
the wheel and the rail, uses the rail profile UIC60 and 
two axial wheel of bogie H665.  
 

 
 

Figure 1 Finite element model of wheel and rail  
 

Due to nonlinearity of contact analysis, the region 
requires a very fine mesh. In this research, it is used a 
fine mesh with an average length less than 2 mm near 
the contact area. Using pilot node at the wheel centre, in 
this important place a pilot point is connected to the 
wheel using rigid link element. All the external loading 
and boundary conditions of the wheel load are applied 
on the pilot point. Both loadings and boundary 
conditions can be obtained through field measurements 
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or from numerical simulation of the track system motion 
analysis. 
 

 
Figure 2 Finite element modeling wheel and rail with 

static loads  
 

 
 

Figure 3 Finite element modeling wheel and rail contact 
 

 
 

Figure 4. Deflection of the wheel and rail 
 

Stress distribution individually has been 
investigated by finite element analysis (FEA) and the 

results are presented in figures 5 and 6, where the critical 
surfaces may be noticed. 

 
 

 
Figure 5 Stress distribution in rail 

 

 
 

Figure 6 Stress distribution in wheel 
 

3. DESCRIPTION OF THE CONTACT 
FATIGUE CRACK INITIATION MODEL  
 

A comprehensive model of the contact fatigue life 
prediction of mechanical elements should consider the 
time history of applied contact loads, regarding their 
range of variation. The rolling–sliding contact loads, 
typical for mechanical elements such as gears, wheels 
and rails, rolling bearings etc., are generally stochastic in 
a certain range, due to the stochastic character of some 
contact parameters. For a description of a general case of 
contact loading, one has to estimate average normal and 
tangential contact forces for computational 
determination of surface and subsurface contact stresses. 

The actual contact problem is transformed into its 
generalised form applying the Hertzian theory, i.e. the 
equivalent contact cylinder is generated from the 
curvature radii of the considered contact mechanical 
elements at the point of the actual contact. The 
equivalent Young’s modulus and Poisson’s ratio are also 
computed from respective data of contacting bodies  
(figure 7). 
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According to the Hertzian theory, the distribution of 
normal contact pressure in the contact area can be 
determined using the expression: 
 

                      (1) 
 
where FN  is the normal contact force per unit width, a 
is half length of the contact area, which can be 
determined from 
 

                                       (2) 
 
where E and R are the equivalent Young’s elastic 
modulus and the equivalent radius, respectively, 
defined as 
 

                                        (3) 
 

                                            (4) 
 
where E1, R1, n1 and E2, R2, n2 are the Young’s 
modulus, the curvature radii and Poisson’s ratio of 
contacting cylinders, see figure 2. Next, the maximum 
contact pressure p0=p(x=0) can be determined as 

 

                              (5) 
 

 
 

Figure 7 Equivalent model of two contacting cylinders 
 

In the analysing of real mechanical components, 
some partial sliding occurs during time-dependent 
contact loading, which can originate from different 
effects (complex loading conditions, geometry, surface, 
etc.) and it is often modelled with traction force due to 
the pure Coulomb friction law. In the analysed case 
frictional contact loading q(x) is a result of the tractive 
force action (tangential loads) due to the relative sliding 
of the contact bodies and is here determined by utilising 
the previously mentioned Coulomb friction law  

 

q(x)=µp(x)                                   (6) 
 
where m is the coefficient of friction between contacting 
bodies. 

For the general case of elastic contact between two 
deformable bodies in a standing situation, the analytical 
solutions are well known. However, using general 
Hertzian equations it is hard to provide the loading cycle 
history and/or simulation of a contact pressure 
distribution of moving contact in the analytical manner. 
Therefore, the finite element method is used for 
simulating two-dimensional friction contact loading in 
this case and the same procedure is usually used when 
dealing with complex contact loading conditions. The 
equivalent contact model is spatially discretised in the 
region of interest, where finer mesh is used around 
material points (xi, yi) on and under the contact region. 

The computational model for evaluating contact 
stresses is a two-dimensional rectangle, with assumed 
plain strain conditions, Figure 8. 
 

 
 

Figure 8 Finite element model for determination of 
contact loading cycles 

 
The loading boundary conditions comprise the 

Hertzian normal contact loading distribution and 
tangential contact loading due to frictional forcers in the 
contact. The loading is moving along the contact surface 
of the generalised computational model. 

The stress analysis of the generalised contact model 
is performed in the framework of the finite element 
method. The appropriate stress state for each observed 
material point is computed for each position of the 
moving contact loading. This procedure results in 
generation of real stress loading cycles of material points 
in one pass of the rolling–sliding contact, which are 
necessary for the following contact fatigue analysis. 
 
4. NUMERICAL EXAMPLE 
 

The rail profile is chosen according to UIC 
regulation, the considered rail is the most common  
UIC60 profile that is shown in the UIC technical 
documentation. The wheel diameter is about 0.89 m and 
the wheel profile is chosen according to the AAR 
standard having a wide flange contour. The vertical load 
is assumed to be the maximum design load, which is 
146.2 kN.  

In this study the rail length is considered to be 700 
mm. The initial contact point is assumed to occur at the 
railhead centre and wheel tread centre. The results of the 
static load analysis of the wheel and rail contact are 
shown in figures 9 and 10. Figure 9 presents the von 
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Mises stresses from different section views. Figure 10 
presents in-plane shear stress. From the figure 9, it can 
be noticed that the maximum von Mises occurs at some 
depth below the head surface. The stress decreases 
quickly as the depth increases. The high stress occurs 
within a small region of the contact location. The study 
reveals that the maximum stress occurs at a depth of 
about 5-10 mm below the head surface of the rail. The 
stresses in the other regions of the rail is nearly zero. 
From figure 12, a butterfly-wise pattern of the shear 
stress can be observed.  
 

 
 

Figure 9 Von Mises stress distribution of wheel/rail 
contact. 

 

 
 

Figure 10 Front section view 
 

 
 

Figure 11 Left section view 
 

 
 

Figure 12 In plane shear stress distribution of wheel/rail 
contact 

 

From Figure 9, 10, 11 and 12, the stress pattern 
indicates multiple contact points between the wheel/rail 
interfaces.  

The point of maximum von Mises stress is 
considered as the critical location for fatigue crack 
initiation.  
 
5. CONCLUSIONS 
 

A multiaxial fatigue life prediction investigation 
is presented in this paper. In this study, the effects of 
different parameters have been studied individually. 
Future research needs to consider interactive effects of 
those parameters because the wheel/rail contact 
problem is highly nonlinear. Also, other effects, such 
as residual stress from manufacturing, brake loading, 
thermal loading, dynamic and impact loadings, 
material defects, etc. need to be included in the 
proposed methodology. 

Nevertheless, the presented numerical model 
enables a better understanding of the process of fatigue 
crack initiation, in the contact area—rolling–sliding 
boundary conditions on the contact surface are taken into 
consideration. This causes permanent damage to 
mechanical elements. Moreover, this model may be also 
used for practical applicability of contact fatigue of 
mechanical elements, e.g. the contact fatigue of gear 
teeth flanks 
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FINITE ELEMENT MODELLING OF CONTACT INTERACTION BETWEEN WHEEL 
AND RAIL 
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ABSTRACT 
 

The development of contact theories and numerical solutions for various applications is a field which expands 
rapidly. Although railway system is a transportation system with a long tradition, still a large number of unsolved 
problems exist. One of these problems is the assessment of the stress and strain status of the rail and the wheel under 
rolling contact conditions. The assessment requires the investigation of the mechanically originated damage of wheel 
and rail, as cracklike damage, prediction of wear and fatigue as well as change of material properties. Since the 
mechanical problem is of high complexity because of the contact condition and the material behavior, only a numerical 
approach seems to be appropriate. This paper presents a method which has the advantage that the structural analyst is 
allowed to solve both the contact problem and material nonlinearity using an unique simulation model. 
 
Keywords: finite element, mesh, nonlinearity, contact.  
 
 
1. INTRODUCTION 
 

Fatigue is progressive damage occurring in 
materials subjected to cyclic loads. The study of this 
phenomenon assumes special importance in the design 
of machinery and structures, since this is the most 
frequent cause of service rupture. As railways axle loads 
and speed increase, and wear prevention methods 
become more effective, it is crucial to implement 
solutions to prevent rolling contact fatigue. For example, 
increasing wear resistance of rails may imply that 
incipient surface cracks previously eliminated by wear, 
are no longer eliminated. 

On wheels, fatigue cracks can be initiated not only 
on the surface but also under it. The initiation of surface 
cracks seems to be highly influenced by the presence of 
residual stresses and thermal loads, caused by a forced 
brake. According to elastic analyses the maximum shear 
stress appears between 4 and 5 mm under the wheel 
surface, however some cracks can be initiated at depths 
between 4 and 20 mm. 

The phenomenon of fatigue in rail is more 
complicated because of load randomness. Maximum 
shear stress appears at a depth of 3 mm and cracks 
initiate between 3 and 15 mm below rail surface. 
Initiation of cracks under rail surface is very common in 
heavy haul rail. 
 
2. FINITE ELEMENT MODEL 
 

A 300 mm long rail was used to simulate the 
passage of the wheel and special attention was given to 
the contact surfaces, where smaller elements where used 
to correctly define it, since contact stresses are highly 
dependent of contact surface geometry. Figure 1 presents 
the mesh used for the rail. In order to reduce 
computational time, only a small part of the wheel was 
used as presented in figure 2, because only its surface 
geometry was needed. As shown in figure 3, a refined 
mesh was used on the contact surfaces. 
 

 

 
 

Figure 1 Rail mesh 
 

 
 

Figure 2 Wheel mesh 
 

Parametric studies have been carried out for free 
rolling in order to obtain the contact stresses in normal 
and tangential direction. These data are fundamental for 
the investigation of friction and wear and they are 
offered to tribology experts for evaluation. In the next 
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section there will be presented the results of the rolling 
contact of a wheel S1002 and a rail UIC60. 

 
 

Figure 3 Model mesh 
 

Dang Van proposed a fatigue initiation criteria 
based on the instantaneous value of shear stress τa(t) and 
hydrostatic stress σh(t), [4]. This criterion states that 
fatigue failure will occur if the condition (1) is verified: 
 

τa(t) + aDV x σh(t) > τ-1                                   (1) 
 
where: 
 
� τa(t) - instantaneous shear stress value on a specific 

point; 
� σh(t) - instantaneous hydrostatic stress value on the 

considered point; 
� τ-1 - material fatigue limit in reversed torsion; 
� aDV - adimensional constant, which represents the 

influence of hydrostatic stress, and can be 
determined by: 

 

aDV =                                   (2) 
 
where σ-1 is the material fatigue limit in pure bending. 
 
3. THE WHEEL-SET/RAILS SYSTEM 
 

The shape profile of the wheels and of the rails 
section are S1002 and UIC60.  

Table 1 summarizes the main geometric features of 
the wheel-set - rails system.  

 
Table 1. Main geometric features of the wheel-rails 

Internal gauge 1360 mm 
Wheel radius 0,457 mm 
Rail tilt 1/20 

 

Figure 4 presents the axle, the two wheels (wheel-
set) and the track considered in this investigation. 

When not constrained, the wheel-set requires six 
degrees of freedom. These degrees-of-freedom reduce to 
two due to the constraints introduced by continuous 
contact with the rails. Thus, only two independent 
variables need to be prescribed to compute the spatial 
position of the wheel-set. 

According to figure 5, a fixed and a moving 
righthand Cartesian coordinate systems are introduced. 
The fixed inertial coordinate system, denoted by SRo, 
has its origin O in the middle of the gauge, the axis Xo 
tangent to the rails and the Zo axis directed upwards. 

The moving coordinate system, denoted by SRG, 
has its origin in the center of mass G of the wheel-set, 
axis YG directed along the axis of the axle and the ZG 
axis directed upwards. Initially the axes of the fixed and 
moving coordinate systems are all parallel and the center 
of mass G is on Zo axis at a distance rw from the origin 
O. The absolute coordinates of G will be denoted xg, yg, 
zg whereas θx, θy, θz denote the angles between couples 
of x, y and z axes respectively. 

The displacement yg and the yaw angle θz are 
assumed to be independent variables; therefore, the four 
dependent variables should be deduced by imposing a 
continuous physical contact between rails and wheel-set. 
 

 
 

Figure 4 Physical model 
 

 
 

Figure 5 Cartesian coordinate systems and independent 
degrees of freedom of the axle 

 
4. NUMERICAL RESULTS 
 

The geometry of the investigated wheel as well as 
an appropriate finite element discretization is presented 
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in figure 6. The wheel has a diameter of approximately 
0.5 m, the contact zone has a size of approximately 2 
cm2. Further details of the discretization are also 
presented in figure 7. 
 

 
 

Figure 6 Finite element discretization of the wheel-rail 
contact 

 

 
 

Figure 7 Parameter definition of the contact setup, radii 
of curvature 

 
Linear elastic material behavior has been assumed 

with E = 210 GPa and ν = 0,3. 
The results are significantly dependent on the 

contact conditions of wheel and rail at the contact point 
due to the different radii of curvature of the wheel with 
lateral shift. In general rolling conditions, the lateral 
wheel position on the rail is not fixed to the center line. 
Thus, parametric studies for different laterally shifted 
positions of the wheel were carried out, as presented in 
figure 7. For the velocity v = 200 km/h and a wheel load 
of 90 kN the comparison of the contact patches is 
presented in figure 8.  
 

 
 

Figure 8 Comparison of the position of the contact 
patches for the variation of the lateral shift 

Table 2. Scaled values of stresses for free rolling 
 

lateral shift   
mm MPa  
-2 825,61 1162,7 
-1 851,32 1854,64 
0 805,61 2864,31 
1 532,21 0 
2 642,24 1482,0 
3 835,15 1462,5 
4 857,65 1354,6 
5 622,22 0 

 
One can notice the following aspects: 

- the numerical solutions differ significantly with respect 
to the HERTZian solution, because of the nonlinerity of 
the finite element model; 
- the maximum contact pressure is overestimated by the 
HERTZian theory; 
- for some cases no corresponding HERTZian solution 
can be found, due to the curvature at the initial contact 
points. 
 
5. WHEEL-RAIL CONTACT APPROACH  
 

The rigid-contact hypothesis is based mainly on two 
approximations:  
(1) the elastic deformation of the wheel and the rail is 
insignificant, allowing both of them to be treated as rigid 
solids;  
(2) the contact is maintained between the wheel and the 
rail throughout the trajectory, ignoring the possibility of 
the wheel occasionally becoming separated from the rail. 

Given the wheel and rail profiles, for each specific 
pair of values for the wheelset degrees of freedom y and 
a, only one specific pair of values (z, f) satisfies the rigid 
contact condition for both wheels (rigid contact 
hypothesis).  

The elastic-contact hypothesis takes into account 
the existence of contact patches between the bodies, due 
to their elasticity; they are no longer regarded as rigid 
solids. The z and f degrees of freedom which were 
dependant in the rigid-contact hypothesis now become 
independent, since the condition that the contact between 
the wheel and the rail occurs at a point is not applicable 
any longer.  

The phenomenon of a double contact point between 
wheel and rail can be resolved simply, identifying the 
two interpenetration areas and calculating the normal 
forces separately, figures 9, 10 and 11. 
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Figure 9. Single-point contact 
 

 
 

Figure 10. Two-point contact 
 

 
 

Figure 11 No point contact 
 

The search for the contact patches between the 
wheel and the rail, and the calculation of the 
corresponding normal forces, is relatively expensive in 
computational terms. For this reason, to reduce the 
calculation times, the problem is normally solved in two 
dimensions, assuming that the contact patches are 
located on a vertical diametric section of the wheel. This 
is equivalent to consider that the influence of the yaw 
angle ‘a’ on the location of the contact patches is 
ignored. By neglecting this degree of freedom, the 

location and dimensions of the contact patches depend 
only on the values of y, z and f. 
 

 
 

Figure 12. Wheel and rail profiles are defined by discrete 
points 

 

 
 

Figure 13. Indentation of the contact patch 
 

To model the profiles, discrete points are used 
(separated by 0.5 mm to 3 mm), and spline equations are 
used to interpolate between these points, figure 12. 
Spline functions offer a set of important advantages in 
the creation of the computer based models where 
interpolation is required, [5]. The profile of the wheel is 
scanned to delimit the zone or zones where 
interpenetration occurs. In each of these zones, by using 
the cubic spline curves, the maximum indentation that 
occurs in the direction normal to the wheel profile is 
calculated, figure 13. Using the Hertz theory, and given 
the value of maximum indentation, the radii of curvature 
of the solids at the contact point and the elastic constants 
of the material, the normal force that would have to be 
applied in order to produce such indentation can be 
calculated. The relationship between force and 
indentation is nonlinear, and is governed by the well-
known expression: N = C · δ3/2, where N is the normal 
force, d is the indentation and C is a constant that 
depends on the curvatures and the elastic constants of the 
bodies. 

The data that is strictly necessary for the subsequent 
dynamic simulation is the number and position(s) of the 
contact point(s), and the contact angles, indentations and 
curvatures of each of them. The normal forces could be 
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calculated from the indentations and the curvatures, but 
in order to speed up the subsequent dynamic 
calculations, they are also stored in the look-up table. 
Since they may be of interest, the dimensions of the 
contact ellipse are also stored. It is important to realise 
that these dimensions do not correspond to the 
interpenetration regions obtained by superimposing the 
two rigid solids, due to the elastic deformation of the 
bodies, and they have to be derived using the Hertz 
theory. 
 

 
 

Figure 14. Longitudinal scan of the solids and the 
contact patch 

 
In order to include all the possible positions that the 

wheelset could reach during a dynamic simulation, it is 
necessary to calculate the wheel-rail contact data for a 
large amount of cases. During the simulation, the elastic 
contact information at each integration step is obtained 
by interpolation of the adjacent data in the table. The 
crucial point is that the number of discrete positions 
calculated in the tables has to be large enough to detect 
the two-point contact cases if this may happen. For 
example, when the wheelset moves laterally and the 
contact point jumps from the tread to the flange of the 
wheel, two-point contact will probably occur for certain 
lateral displacements and angles of attack (y, a) of the 
wheelset. 

The size of the table should be adequate in order to 
include enough realistic cases of two-point contact for 
these displacements. In this way, their interpolation will 
be possible during the simulation. 
 

 
 

Figure 14. Inputs and outputs of the look-up table with 
the elastic three-dimensional contact data 

 

Having established the number of discrete positions 
that will be calculated for each degree of freedom, and 
the range of values to be used, the elastic contact 
problem has to be solved for each combination of y, a, z 
and f. The results are stored in the elastic contact table. If 
the number of combinations is very high, the time 
required to calculate the entire table might be so high 
that the advantages of the proposed method are lost. In 
order to speed up the table calculations, a number of 
techniques are used, including the use of symmetries and 
their corresponding relationships (which allows just one 
half of the wheel to be scanned) and splitting the scan 
into two phases: the search phase, with a large scan step, 
to detect the regions of contact, and the fine scan, in 
which the maximum indentations are calculated using 
smaller steps. 

 

 
 

Figure 15.Rigid contact approach 
 

However, the technique that probably contributes 
most to the efficiency of the method described here is the 
use of the results obtained for the rigid-contact problem 
as a base for the elastic-contact calculations. The values 
of indentation are very small, since the wheel and the rail 
are made of steel and their stiffnesses are high.  

There is a direct relationship between the position 
of the wheelset relative to the track and the indentations 
in the contact patches, which can be obtained using 
linear interpolation. The normal forces, however, are 
related to the indentations by the expression: 
 

N = C · δ 3/2                                 (3) 
 
so their relationships to the degrees of freedom of the 
wheelset are non-linear.  

One option, since the value of indentation is known, 
is to recalculate the corresponding normal force using 
the Hertz theory.  

The other option is to interpolate the coefficients: 
 

                                             (4) 
 
instead of interpolating the normal forces.  

This coefficient and the interpolated indentation 
give the normal force using (3). 

It has been concluded that this method greatly 
improves the accuracy of the results. 

The semiaxes of the contact ellipse also depend 
non-linearly on the indentation value. The relationship in 
this case is: 
 

a = K · δ 1/2                                        (6) 
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b = K’ · δ 1/2                                       (7) 
 
where a and b are the dimensions of the major and minor 
axes of the contact ellipse. The interpolation procedure is 
the same as that described for the normal forces, except 
that we now interpolate the K coefficients, obtained 
from: 
 

 =                                        (8) 
 
5. CONCLUDING REMARKS 
 

A nonlinear analysis of the stress/strain state 
resulting of the passage of one wheel on a segment of 
rail was performed using non-linear finite elements.  

The analysis is presented in the present paper 
through the data corresponding to the first passage; 
subsequent work will consist of a fatigue behaviour 
characterization of the rail using a more refined mesh 
and simulating the number of passages necessary to 
reach a steady state characterized by the repetition of the 
loading path. Residual stress state is another direction of 
investigation, prior experience being available, [7]. 

The differences in wear indices, running safety 
coefficient and forces in the contact areas can differ 
significantly, depending on whether a 2-D or 3-D contact 
analysis is used, as long as the yaw angle reaches 
significant values. These differences become 
insignificant on straight tracks or in large-radii curves. 

Therefore, the aforemetionned method is specially 
suitable when analysing vehicles that will be used on 
rails with tight curves. 
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ABSTRACT 
 

Because of the complex and dynamic nowadays conditions, the paper proposes a general frame of a decision 
making process based on scientific information. There are analyzed the main classes of information to be used, the 
location of the headquarters together with the appropriate equipment, the advanced graphic facilities which can be used 
and the complex models employed to support the decision process. A later development of the concept must take into 
consideration the partial access to the information and a fuzzy logic employed to suggest the best options to be chosen. 
Experienced and scientific-based minds are the most important human resources for the decision making process in 
emergency situations. 
 
Keywords: knowledge management, advanced graphical facilities, complex models, science-based decisions 
 
 
1. INTRODUCTION 
 

Actual world is complex and dynamic and the 
instruments employed to explore its unknown facets 
must be fast, accurate and intelligent.  

Emergency situations are events which require 
decisions to minimize the losses of lives, financial losses 
and the additional long run threats, which must be made 
in a short period, taking into account various aspects. 

Because of the high complexity of the emergency 
situations, optimum decisions must be supported on 
accurate qualitative and quantitative instruments which 
allow the analyst to observe the events, to predict the 
evolution, to elaborate the decision and to control the 
outcomes.  

Information technology offers versatile instruments 
employed to assist the decision and the paper presents 
three directions of such instruments: knowledge 
management, advanced graphics for the emergency 
scene representation and complex science-based models 
for emergency situations. 
 
2. ASPECTS REGARDING THE KNOWLEDGE  
MANAGEMENT FOR EMERGENCY  
SITUATIONS 
 

The process of data acquisition and reduction 
employed to support decisions has three aspects: 

• selection of the classes of information which 
are useful for the decision support; 

• methods of data reduction which can offer 
refined information; 

• equipment necessary for data management 
from different locations of the headquarters. 
 
2.1 Classes of information 
 

Several classes of information are necessary in 
order to have an overview regarding the on-going 
phenomena, [4]. 

Geographical information represents the ‘stage’ of 
the emergency situation. GIS systems offer such 

information. It is important to export the content in order 
to create a customized representation of the ‘stage’. 

Weather conditions are important for both 
expansion of the pollutants or fire and for the 
intervention means. There are sites which present the 
wind speed and temperature. Additional information is 
needed, such as the speed of the marine currents. 
 

 
 

Figure 1 Data concentration for emergency situations 
 

Computer aided models of different structures, such 
as buildings, towers, bridges, tunnels, dams, piers, 
cranes. At least some parameterized prototypes are 
necessary in order to create a particular model of that 
given structure. 

Computer aided models of the phenomena are 
important in order to predict the evolution of the 
pollutant/fire and to select the most effective option of 
intervention.  

Pollution scenarios must consider a domain which 
may be in several countries. This is why it is important 
to gather information from all the countries which may 
be involved in the event, including the law which may be 
applied in that given case. 

Access to the databases regarding the persons 
involved in the event must be allowed, prior agreements 
being important to be signed with various countries and 
institutions. 
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Field visual information must be gathered from 
various sources such as satellites, cameras, field 
observers and others.  
 
2.2 Data processing 
 

The information system of a company offers a 
dashboard of specific updated indicators for each level of 
the management staff. In this way each manager is able 
to make the most appropriate decision. As well, the 
management of a crisis situation must rely on updated 
information and a set of indicators which may be either 
so called ‘classic’, or specific for the features of that 
given phenomenon. 

A first stage is to gather the data in a datacenter 
which may be remotely consulted and archived for a 
later analysis.  

Incoming data must be processed, assembled and 
refined in order to offer a high degree of relevancy.  

Some of the data is already integrated using 
specialized simulators, like the oil leak simulator 
 
2.3 Location of the situation managing board 
 

The headquarters of the crisis managing board is 
usually the so-called situation room which offers access 
to all the aforementioned information and to extensive 
communication facilities. 
 

 
 

Figure 2 Equipment for the situation room within the 
headquarters of the emergency committee 

 
The headquarters must offer fast links to the data 

sources or to the datacenter. Because of this condition, 
there are three possible locations: a unique location 
which has fast connections, itinerant headquarters which 
can use the network of an administrative organization in 
order to set-up a situation room or a specialized vehicle 
which is used to access the refined data, ready to be 
interpreted and used. 

These three possibilities reveal some measures to be 
undertaken in terms of data acquisition, data processing, 
technical teams and expert teams which must backup the 
management level and equipment which must be 
installed in all these types of headquarters. 

It should be also considered a certain degree of 
redundancy of the headquarters to be used in these 
operations. Moreover, all the equipment must be 
periodically tested and updated in order to maintain it 
operational capacity.  

As a final remark, one can notice that in all these 
situations data protection is paramount. 
 
 

3. ADVANCED GRAPHICS FACILITIES 
 

A word of wisdom says ‘an image prevails one 
hundred words’. Human eye has the paramount capacity 
to integrate the information and to notice the according 
trends. Human vision has a dedicated ‘processor’, it 
means a ‘brain’ of its own.  

From this standpoint, the advanced graphics 
facilities are very important for the decision making 
process of an emergency situation. 

Virtual reality is an intelligent resource which has 
not proved yet its power. Several research projects were 
dedicated to the use of virtual reality for various 
purposes, including emergency situations. 

Figures 3 and 4 present some applications of the 
virtual reality for an oil leak scenario. 
 

 
 

 

 
Figure 3 A virtual reality solution which uses ECMA 

script for the ‘engine’ of functionalities 
 

Figure 3 proposes a set of specific functionalities 
based on ECMA and VRML.  

First of all, it should be noticed that the scenario is 
included in a quadrant which presents the geographical 
particulars: islands, light towers, depths of the seabed. 
The sea has the transparency attribute adjustable, so the 
user can see the objects underneath the sea surface, 
including the seabed.  

Objects hanging on the front wall may be touched 
and consequently they are introduced into the virtual 
world. Once included in the ‘scene’, if the object is 
touched a system of axes appears. The object can be 
moved into the scene if the axes are touched. The lines 
of the axes are used for the translation motion and the 
arrows are used for rotations. If the object is touched one 
more time, the axes disappear and the vehicle is 
realistically presented into the 3D scene. 

Beside the ‘vehicles’, there are also instruments, 
such as: system of axis, grids on horizontal or on side 
geometrical planes. 

Geometrical data are generated by the geographical 
information which is converted in such a way the 
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elevations of the land and undersea surfaced are 
computed in the nodes of a grid which is used in the 
virtual reality code. 

Several viewpoints may be set on land or on the 
ship, so there can be noticed the images which can be 
seen from the navigation bridge and compared with the 
photos taken and sent by the field operators. 

Infrared photography is another source of valuable 
information, especially when fog and/or smoke are 
covering the scene. 

The application may be operated by a unique 
operator who moves the objects along the scene, sets 
various attributes of the ‘environment’ and sends the 
screen shots to the screens of the situation room.  

The operator is also responsible for the creation of 
the geometry of the quadrant, using the virtual objects 
stored in the library of the application, as well as the 
geometrical information. 

This approach is dedicated to the Windows 
operating system terminals. It is not cross-platform, so it 
was not considered for further development. 

A Java based solution is presented in figure 4. 
 

 
 
 

 
 

Figure 4 Advanced virtual reality solution which uses 
JAVA for the ‘engine’ of functionalities 

 
As it can be used the domain is also organized on 

quadrants. On the walls of the quadrant there are 
presented different images who may present maps, 
reports, ‘actors’ who act on the ‘scene’ and others.  

The domain is defined as in the previous case, by 
the analyst who is supervising the virtual reality system. 

The huge difference of this solution with respect to 
the previous one is that the control of the vehicles is 
distributed to their representatives. In this way the 
captain of a ship can move its own ship in the virtual 
scene, fact which offers a higher degree of accuracy of 
the virtual reality 3D aid. Moreover, if the connection 
between the remote representative/captain and the virtual 
world is lost, the virtual reality analyst is allowed to 
seize the command of the virtual ship.  

Buttons on the upmost edge of the front wall are 
employed to operate the vehicles. The images displayed 
on the buttons were chosen in order to be clearly 
understood by people originating from various cultures. 

Figure 4 also presents a helicopter which enters the 
scene in order to analyze the crisis and to assist the crew 
on the collided ships. 

The analyst is allowed to use several instruments. In 
the second image of figure 4, it can be noticed a set of 
circles located over of the oil spill, which are employed 
to measure the surface of the polluted area. 

Operations done in the virtual world are stored in a 
database for a later analysis. Clocks presented at the 
upmost edge of the front plane present the real time as 
well as the event-time, for the movie-like presentation of 
a given emergency situation scenario. 

To conclude, virtual reality has the ‘ingredients’ of 
the most successful method to present the visual 
information in an emergency situation. Java offers the 
facilities to create game-like applications which have 
important strengths, such as: realistic graphics, remote 
operated vehicles, various viewpoints, high flexibility, 
cross-platform versions of the software.  

It results that the software applications based on 
virtual reality have a huge potential of development in 
the upcoming years. 
 
4. BASIC CONCEPTS REGARDING THE  
COMPLEX MODELS 
 

Complex emergency situations require intelligent 
instruments of investigation and prediction which offer a 
solution in a small amount of time. Decisions in 
emergency situations are supported by relevant 
information and there must be noticed that certain levels 
to approach a problem offer distinct results in terms of 
intelligence and relevancy. 
 

 
 

Figure 5 – Outcome of the levels of intelligence of the 
approach 

 


