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Abstract
The high volume transported by ro-ro vessels has not come without a price. Accidents and incidents related 
to design – lack of bulkheads, instability, problems with cargo access doors, stowage, securing cargo and li-
fesaving appliances – are growing along with the size of the vessels themselves. One particular and recurrent 
problem is the degree of these giant box-like high riding vessels exposed to wind. Recently the effect of a tra-
montana – a fierce, sudden and short term regional wind – in the Port of Koper was to detach a moored ship, 
causing an accident. This paper will present a study of that accident, and through simulations and modelling 
determine an improvement that will allow berthing perpendicular to the stern ramp to function more securely.

Introduction

Luka Koper is a multi-purpose port that tran-
ships different types of cargo, with three basins and 
two piers around which the terminals are arranged 
(Perkovic et al., 2013). In recent years, the cruise 
terminal and car terminal, where the studied incident 
occurred, have been increasingly active. The unique 
aspect of this terminal is that it is actually several 

potential spaces, having no dedicated mooring loca-
tion in the port. Ships arrive to all three basins, 
wherever there’s a free berth. One of the landings 
for ships with a stern ramp is in the third basin. This 
VNT (multi-purpose terminal), seen in Figure 1, has 
only a shore ramp for a berth, so the ship must be 
anchored and moored to a buoy (known as the Med-
iterranean berthing style), leaving the vessels quite 
exposed to the bora (NE) and tramontana (N) winds 
that tend to act roughly perpendicular (from the star-
board side) on ships berthed in this manner and 
space. This technique occupies less space as it is 
connected to a fixed length of pier along the ship’s 
breadth rather than length.

Car carriers, terminal and VNT berth at Port 
of Koper

The Port of Koper car and ro-ro terminal con-
sists of seven berths with four shore ramps and 800 
meters of operational shore with several shelters 
(covered storage) and open storage areas with a total 
storage capacity of 600,000 vehicles. The existing 
system of accommodating pure car carrier and ro-ro 

Figure 1. Present berthing layout at the VNT (multi-pur-
pose) terminal
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ships, geometrically speaking, guarantees securi-
ty in berthing to ships up to 140 meters in length. 
In recent years longer ro-ro freighters and car car-
rier ships – up to 200 m long – have increasingly 
been moored at the VNT terminal. It is expected 
that the size of the ships calling in the Port of Koper 
will continue to increase in the future. For this rea-
son it will be necessary to analyze the sustainability 
of the VNT berth for different weather conditions.

When analyzing the mooring ropes and anchors, 
the size of a ro-ro ship needs to be addressed: this 
can be expressed in GT or as indicated in Table 1 
(Perkovic & Batista, 2015) in GT tonnage.

 GT = K × V (1)

where V is the total volume of the vessel, multipli-
er K is calculated in accordance with the formula 
below:

 K = 0.2 + 0.02 × log10(V) (2)

This illustrates, for instance, that the pure car car-
rier ship m/v Neptune Thalassa, with a length of 170 
meters, is significantly “larger” than the ro-ro freight-
er m/v Eurocargo Istanbul, which is 195 meters long. 
M/v Neptune Thalassa will have larger windage area 
compared to the freighter.

Table 1. Main particulars ro-ro freighters and car carriers 
according to the type of ramp

Name Length  
overall [m]

Breadth 
[m] GT

Stern ramp
Europa Link 218.20 30.52 45923
Neptune Thalassa 170.00 21.00 37602
Neptune Ithaki 169.59 23.02 36852
Eurocargo Istanbul 195.10 25.20 29410
Neptune Thelisis 161.40 26.24 27788
City of Oslo 140.24 22.43 20209
Express 154.50 22.74 12251
Transporter 122.00 19.04 6620

Stern quarter ramp
Grande Tema 236.00 36.00 71543
Asian Empire 228.78 32.26 71383
Hoegh Trader 228.74 32.26 68060
Sincerity Ace 199.97 32.26 59408
Morning Sapphire 180.00 32.20 45706
Mercury Ace 199.30 29.20 44979
Hyundai no. 109 174.00 28.00 31355
Neptun Ploes 130.00 22.00 13251
Sea Anemos 106.10 17.25 6525

Effect of wind load

Figure 2 shows the parameter forces and moments 
of different wind speeds and directions for three 

different car carriers. Displacement, deadweight 
and gross tonnage are also shown. Further, risk is 
increased for ships having a large windage area 
compared to their transverse underwater resistance. 
When disabled, a vessel will drift more or less beam 
to the sea. A simple approach for estimating the drift 
speed of large ships can be calculated from the ratio 
between drifting force generated by the wind (Fair):

 Fair = Cair ⋅ Aair ⋅ v2
air ⋅ ρair/2 (3)

and resistance force generated by the water (Fwater):

 Fwater = Cwater ⋅ Awater ⋅ v2
water ⋅ ρwater/2 (4)

where:
vair, vwater – wind speed, drift speed;
Aair, Awater – windage area, lateral underwater area;
Cair, Cwater – resistance coeff. of windage area 

(approx. 0.8), of underwater area 
(approx. 0.6);

ρair, ρwater – density of air (0.00125 t/m3), density 
of sea water (1.025 t/m3).

Finally, drift speed will be equal to:
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A pure car carrier vessel with a windage over 
underwater area ratio equal to 3.0 will drift with 
6.32% of the speed of the wind, while loaded tank-
ers (ratio equal to 0.5) will drift with only 2.83% 
of the wind speed.

To analyze the sustainability of the berths for 
larger car carriers it is necessary to first describe 
the current state of individual elements of the berth:
• at the shore ramp there are two bollards each with 

a load capacity of 60 t;
• two cylindrical fenders are placed at the head 

of the ramp (1000×600×1000 mm);
• on the shore side there are three mooring bollards 

each with a load capacity of 60 t;
• at sea there are two dolphins with mooring bol-

lards. Two dolphins are set in the extension 
of the TRT terminal, available for a berthing ves-
sel’s port stern side and a number of bollards are 
available for mooring ro-ro ships when the TRT 
berth is not occupied;

• additionally, at sea one mooring buoy is available 
(ϕ3000 mm, 3000 kg), located 139 m north and 
82 m west of the head of the ro-ro ramp.
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Figure 2. Effects of wind speed and direction

Figure 3. Series of the m/v Eurocargo Istanbul breakaway
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M/v Eurocargo Istanbul accident analysis

On 25 June 2014 there was a minor accident 
at the VNT terminal. M/v Eurocargo Istanbul was 
moored that day in the standard “medmoor” (Medi-
terranean Mooring) fashion to bollards (at the ro-ro 
ramp) and five shackles of starboard anchor was 
dropped. The bow was additionally secured to 
a mooring buoy. A few minutes after midnight there 
was a westerly wind, which quickly rounded into 
a tramontana (north to north-northeast). The ship 
slid from the berth and collided with a bulk carrier 
moored at the TRT 3 berth. This case was the reason 
for the analysis of the sustainability of the existing 
mooring layout with the deployment of additional 
mooring buoys and, further, to assess whether larger 
ro-ro ships can be safely accommodated (Perkovic 
et al., 2015).

The sequential series of photos in Figure 3 shows 
the movement of m/v Eurocargo Istanbul. The first 
photo captures the moment when the ship starts 
to sway at the bow (16 minutes after midnight); 
the ship only moved enough so that the mooring line 
from the buoy became tightened. This line is usually 
slack or slightly tightened, otherwise the bow would 
get pushed against the buoy as there is nothing to 
hold the ship on the port side (when the TRT termi-
nal is occupied). The second in the sequence shows 
the 20th minute after midnight, the north wind 
having increased and the bow thus sliding against 
the TRT terminal. The time of the third photo is 21 
minutes after midnight. The anchor chain tightens 

and holds the bow of the ship, which results in accel-
erated movement of the vessel’s stern. This accel-
erated movement caused a mooring breakaway and 
the vessel stern ramp slid into the sea (the fourth pho-
to, 30 seconds after the third). The last photo shows 
the position about 28 minutes after midnight, where 
the port stern side of the ro-ro vessel is in align-
ment with the bulker at the TRT terminal. Initially 
it was thought that the accident was caused because 
the mooring line was detached from the buoy. Later 
it was found that the mooring rope from the buoy 
had remained intact. Most likely the mooring rope 
was not wound tightly enough on the drum; maybe 
the winch brake failed or the winch was in self-ten-
sion mode with the torque limit too low.

Analysis of the weather conditions

Depending on the measured wind speed and 
direction, which are shown in Figure 4, the existing 
mooring system should remain sustainable – even for 
this slightly larger ro-ro ship. The image illustrates 
that the maximum of the measured wind speed was 
16 m/s (30 knots, grey line). The 3D anemometer is 
located on the roof of the state reserve warehouse 
(SRW), at a height of around 33 meters. Of course, 
it is expected that the wind speed around basin 
3 is higher than on the SRW; because of the height 
of the sensor up to 10% of variation in the speed 
for a northerly wind can be expected. In the same 
picture, the blue line shows the wind speed and 
direction from a mobile anemometer, where both 

Figure 4. Correlation of two sensors located at different places and heights with various averaging intervals
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parameters (wind speed and direction) are averaged 
in minute intervals. The red line shows the hourly 
average of the mobile anemometer. It can be seen 
that the hourly averaged interval is too long, because 
it does not detect the tramontana, which usually 
develops and settles within an hourly interval.

Figure 5 shows the highest recorded wind gusts 
measured at both locations. The averaging resolution 
is just 3 seconds for the 3D anemometer located on 
the roof of the SRW (nearby basin 1) at a height of 33 
meters and 3 minute averages for the mobile 2D ane-
mometer at a height of 10 m located near basin 3. It 

is interesting that the mobile anemometer measured 
the strongest gusts from the right (east) quadrant, 
while the 3D anemometer measured the maximum 
wind from the western quadrant. The maximum gust 
of a bora has been measured by a mobile anemom-
eter – the bora is stronger in the vicinity of basin 
3 than around the first basin. The maximum wind 
speed measured in 2014 was over 24 m/s from the 56° 
(blue line; three-minute interval). According to port 
recommendations, at a wind speed of 20 m/s and 
over (minute interval) a vessel must have the engine 
ready and if necessary leave the berth.

Figure 5. Comparison of the strongest gusts between the 3D and 2D anemometer

Figure 6. Real (top) and simulation based (bottom) maneuver of approaching and mooring ro-ro at VNT terminal

wind gusts (3 s – 3D station) strangest gusts (dirrection & frequency)wind gusts (3 min – mobile station)
 3 s wind (3D station)  3 min wind (mobile station)
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Real time simulations

Simulations of arrival, mooring and departing 
of selected/characteristic ro-ro ships in different 
weather conditions were carried out by the latest 
ship handling simulator, manufactured by Transas 
(Transas, 2015). Real time simulations were applied 
where the latest available software including moor-
ing physics was applied (5.35). As objects, we used 
validated mathematical models of ships whose 
basic parameters are shown in Figure 2. The sim-
ulation was based on the configuration of the full 
mission simulator (Webster, 1992) with real pilots 
on board. The simulator was specifically expanded 
for the purpose of research with additional visual-
ization channels. All together we performed 12 sim-
ulations using three different ro-ro ships in various 

environmental conditions (Canadian Coast Guard, 
2001; PIANC 2012, 2014). The 3D simulation area 
was designed with Transas Model Wizard 6 soft-
ware. The design of the modelling area was based 
on the dwg model of the Port of Koper layout and 
on the plan of the conceptual design of a new ro-ro 
terminal in the northern part of basin 3. In the sim-
ulation model the latest available depths measured 
with high spatial resolution were included as well. 
An example of approaching, dropping the anchor 
and mooring at the VNT terminal is shown in Figure 
6, where the upper part depicts the real maneuver, 
and the bottom a simulation maneuver including 
the screenshot acquired from the pilot navigation 
application (Marimatech) – the map already layered 
with high-resolution biometry.

Figure 7. Mooring layout with loads in tramontana 13 m/s
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The sustainability of the berth was simulated 
using one anchor, two anchors, one mooring buoy, 
two buoys, and at the end with a “special” redundant 
breasting/mooring dolphin placed at the port stern 
quarter (Coastal Engineering Manual, 1995; Gomes, 
1998).

Figure 7 shows an example of a basic moor-
ing layout where the load of mooring lines and 
anchors are tested in a northerly (tramontana) wind 
with a speed of 13 m/s. The loading of the anchor 
“anchor holding power” and mooring lines alter-
nately on the buoy can be seen from the graph (they 
are acting in opposite directions). The mooring load 
is in the range of 9 to 33 tons, which is close to 
the maximum for standard mooring ropes. Howev-
er, short ropes at the ship’s stern are loaded at more 
than 40 tons, exceeding the rated load of ropes and 
bollards on the VNT ramp.

It is evident that such a berthing configuration 
is not sustainable for larger ro-ro vessels. There is 
a need to drop both anchors, such that the angle 
between the chains should not be less than 60° 
(ROM 3.1 recommendation), and an additional buoy 
has to be placed at the most appropriate location.

Figure 8 shows the modified mooring layout and 
loads at a wind speed of 50 knots (26 m/s). Even 
in such extreme conditions where the wind load is 
enormous, car carriers remain at berth. The deploy-
ment of an additional mooring/breasting dolphin at 
the starboard stern quarter should prevent extreme 
vessel list (listed only 3°, while without the dol-
phin the list would be up to 7°). The maximum load 
of the mooring ropes at the stern is 49 tons, while 
the anchor holding the vessel in the longitudinal 
direction is loaded with 64 tons and a transversely 
positioned anchor is loaded with 79 tons. Without 

Figure 8. Modified mooring layout; using additional buoy, breasting dolphin and two anchors (NE wind 26 m/s)
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the dolphin, those loads would increase by approxi-
mately 30%.

Additional buoy and its anchoring chain 
design

When horizontal force on a buoy is given, it is 
possible to select the appropriate chain with a buoy 
which is anchored on a slanted seabed. This situation 
may be modelled using 2D catenary theory (Ber-
teaux, 1976). The initial design dimensions are (Fig-
ure 9 left, mooring without the sinker): water depth 
under buoy h, horizontal distance between anchor 
and buoy L0, Seabed slant α and anchor water depth 
h0. Required chain length can be calculated as:

   hhhL  2
0

2
0  

 

 (6)

and slant α of the seabed:

 p = (h – h0) / L0 (7)

The characteristics of the chain are; proof load T, 
breaking load Tmax, reference length of chain l and 
mass of reference length of chain mr. From these, 
the specific chain weight in air is:

 q = mr g / lr (8)

where g = 9.8 m/s2. The specific weight of the chain 
in the water is, if we take into account density of iron 
ρs = 7800 kg/m3 and density of sea water ρw = 1027 
kg/m3:

 qw = (1 – ρw / ρs) q = 0.868 q (9)

When the horizontal force on the buoy H is giv-
en, then the mooring chain states may be calculated 
as completely raised from the sea bed (   

 
0); chain 

is just about to be raised from the seabed (   
 

1); part 

Figure 9. Geometry of chain (P0 is anchor, P2 is buoy) and project data

Figure 10. Calculation part of program (operational load 200 kN – left and excessive load 1000 kN – right)
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of chain is not on the seabed (   
 

2). Once   
 

0,   
 

1 and  
  

 
2 are known, deformed chain geometry and load 

can be calculated. Thus the coordinates of the buoy 
are:
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Where chain parameter λ is given by λ = H/qw. 
Similarly the coordinates of the chain touch down 
point are:
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and total force acting on the anchor by the chain is:
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The above equations were implemented in a spe-
cial purpose Excel spreadsheet program. The snap-
shot of the program is shown in Figure 10; equilib-
rium shapes of chain for two different forces are 
shown in Figure 11.

Conclusions

The mooring breakaway accident of the m/v Euro-
cargo Istanbul led us to question the mooring safe-
ty for large vessels at the Port of Koper. Through 
simulation we were able to conclude that this type 
of accident in a wind not greater than 20 m/s (minute 
interval) is preventable. The accident was possible 
because the ship was anchored with only one anchor, 
which was placed in the canal (acting only longitu-
dinally). The mooring line on the bow of the ves-
sel was completely slack and remained at the winch 
drum, which later succumbed to the force of the tra-
montana. The movement of the bow was stopped by 
the anchor, following which the stern side of the ves-
sel accelerated and collided with the bulk carrier 
berthed at the TRT terminal. Full mission real time 

simulations show that it is possible for a VNT ter-
minal to receive larger ro-ro freighters and pure car 
carriers if they use two anchors, and the additional 
bollards already placed at shore are used for mooring 
of the vessel’s stern side. By deploying an addition-
al buoy, the sustainability of the berth for a longer 
ship is guaranteed. In an extremely strong wind, 
the berthing is weaker at the stern side, so a breast-
ing/mooring dolphin must be deployed there.
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