
Operational safety is a significant challenge 
in the poprts and terminals industry, and 
this has been affected by the growth in 
recent of years of various sectors, which 
in turn has been accelerated by pressure 
from public and private stakeholders. An 
example where this has been particularly 
true is the cruise market, where terminals 
have come under pressure to receive 
ever greater numbers of vessels for both 
economic and publicity reasons.  

This situation has led to operate 
these larger vessels in already existing 
infrastructures, generally designed for 
smaller ships or even for other types of 
traffic, where the demanding mooring 
conditions imposed by these large ships 
has proven to be insufficient. 

Due to the characteristics of these ships, 
large dimensions and very significant 
windage area, they are provided with 
mooring equipment that includes a 
large number of mooring lines, showing 

high resistance capacity. In general, the 
mooring system optimization is not easy 
considering the limitations imposed by 
bollards, fenders and quay arrangement, 
especially in cruise terminals designed for 
smaller ships.

Usually, cruise vessels, for example, 
are expected to operate under not very 
demanding weather conditions due to 
the seasonal traffic, but sometimes they 
might eventually be exposed to extreme 
conditions, scenarios which challenge 
the response of mooring and fender 
equipment. Occasionally, the capacity 
of these elements is exceeded, with the 
corresponding consequences: bollard or 
fender failure, or even breaking of the 
berth structure itself due to the mooring 
and fender loads. Modern cruise vessels 
avail high strength lines (HMPE or similar 
materials), with M L values which 
might be higher than the resistance of 
conventional bollards.

All agents involved in safety of maritime 
operations are sometimes forced to take 
decisions with only partial knowledge 
of the real resistance of the mooring 
equipment on the cruise terminal and of 
the real effect of the mooring conditions 
on the shore equipment. 

This technical paper summarizes 
some of the main causes and analyzes 
them in order to produce some general 
recommendations derived from the 
experience of the authors applied in 
numerous projects. This description is valid 
both for the design of new terminals and 
for the adaptation of existing terminals.

LARGE CRUISE SHIPS FEATURES
Large cruise vessels show the following 
characteristics: 

 Ships with large main particulars
 o  Length and beam: Maximum cruise 

vessel “Oasis of the Seas” class 
6  m compared with maximum 
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containerships 400 m or LNG carrier 
Max 45 m

 o  Huge area exposed to wind, both 
frontal and transverse, this is an 
important factor as it determines 
the magnitude of the wind forces.

 o  Relative low dra  and displacement, 
as these are typical ships governed 
by the volume and not by the 
displacement.

 Mooring equipment:
 o  In general, high performance 

synthetic ropes (HMPE, aramid, ) 
with fiber tails

 o  Mooring lines with minimum 
breaking loads (M L) greater than 
100 t and sometimes over 150 t per 
line. The design capacity of the rest 
of the mooring equipment onboard 
(winches, bitts, fairleads, rollers, ) 
depends on this value.

 o  Typical mooring arrangement for 
cruise vessels usually requires 
between 16 and 20 mooring lines, 
although the largest ships can 
have up to 22 mounted on drums 
and some additional mooring lines 
connected to bitts.

 o  High standard (quality and 
performance) of mooring equipment.

 In some cruise vessels the breadth of 
the upper decks is greater than the 
design beam at the waterline, which 
can lead to compatibility issues due to 
the invasion of the area above the quay 
by the upper decks and lifeboats (clash 
with existing infrastructures such as 
cranes and fingers).

 Great height of the mooring deck, 
which results in tending mooring 
lines with high vertical angles. These 
mooring lines show a low performance 
during mooring conditions (limited 
efficiency in horizontal restriction).

BERTH LAYOUT AND SHORE MOORING 
EQUIPMENT:
The issues concerning the mooring of 
cruise vessels depend not only on the 
characteristics of the ship, but also on the 
berth layout and on the characteristics 
of mooring equipment on shore. Some 
examples are as follows:

Sometimes ship length exceeds the 
available quay length leading to non
optimal mooring arrangements and 
to incomplete contact with the fender 
system. These high asymmetrical mooring 
arrangements show high dynamic 
response and low performance under 
demanding weather conditions.

Mooring on long quay walls imposing 
an asymmetric and non optimal mooring 
arrangement with a highly asymmetrical 
distribution of loads on the different 
mooring lines. 

Small gaps between ships moored in 
the same alignment. Depending on the 
number of bollards on the berth, it is 
very common to share connection points 
between ships. Due to the high number 
of mooring lines, sometimes more 
than 4 mooring lines, even up to  in 
extreme cases, from two different ships 
are connected to a single bollard. This 
configuration may also mean line crossing 
between adjacent moored ships.

Some terminals use elevated bollards to 
decrease the vertical angle of the breast 
lines, but this implies a complex structural 
arrangement on the berth and, usually, 
bigger structures supporting the bollards 
and increasing the interference with 
traffic, fingers or the use of the berth for 
other traffics different from cruise vessels.

Storm bollards are installed in some 
ports. These bollards are located in an 
inner position of the quay, far from the 

quay edge, allowing lower vertical angles 
and increasing the length of the mooring 
lines. The problems are related with traffic 
interference in the quay and relatively 
low performance of the full mooring 
arrangement, due to the mix of mooring 
lines connected to conventional bollards 
(usually short) and connected to storm 
bollards (longer and more exible).

FACTORS TO CONSIDER
The extension in the length of the cruise 
season is another factor that increases the 
risk of suffering harsh conditions during 
the stay of the ship at the terminal.

Regarding fenders, usually fender design 
is made based on berthing energy, but 
sometimes the most demanding conditions 
for fenders are the mooring conditions of 
large vessels during demanding weather 
conditions (combinations of waves and 
gusty wind producing a significant dynamic 

Fig. 1. Vertical mooring lines
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effect). This is very important for terminals 
not designed for the larger cruise vessels.

One of the main issues affecting the 
operation and safety of large cruise ships 
at the terminals is the high number and 
capacity of mooring lines, along with the 
limited working load of most bollards 
currently installed. The use of terminals 
designed for other traffics or for smaller 
cruise ships might cause that the capacity 
of mooring lines exceeds the resistance of 
bollards. 

As bollards are resistant elements the 
failure is usually unwarned, and the failure 
of one single bollard means the loss of all 
mooring lines connected to it. The sudden 
loss of a number of mooring lines can lead 
to the loss of the mooring capacity of the 
whole mooring arrangement (cascade 
failure).

As a consequence of operating 
these ships in existing terminals, the 
characteristics and conditions of bollards, 
fenders and infrastructure might not 
always be adequate for their size.

In recent years, the number of 
incidents related to cruise ships mooring 
has increased, and bollards failure 
constitutes a significant proportion of 
them. Therefore, all agents involved 

in the design and operation of cruise 
terminals should be aware to consider 
and review in which conditions the 
operation and permanence of these 
ships are carried out, and if safety level 
is enough.

RECOMMENDATIONS
As it can be seen, from the point of view of 
the mooring and berthing conditions there 
are several factors affecting the operational 
and safety conditions of the moored cruise 
vessels on a cruise terminal. Some of them 
are common to different types of ships, 
but due to the characteristics of the large 
cruise vessels. 

When designing a new terminal or 
adapting an existing terminal to this new 
large cruise vessels, it is important to 
address all these situations, as they have a 
direct impact on the operation and safety 
of ships.

A detailed analysis of the local 
conditions of each particular port is 
necessary in order to assess the safety 
of marine operations. The knowledge of 
the characteristics of ships and the issues 
found in other terminals and ports will 
help to find specific solutions to specific 
terminals. 
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Fig. 2. Five mooring lines connected to one single bollard in cruise terminal. 
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