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mooring and 
berthing

Mooring accidents can be horrific and insurance companies are 
increasingly concerned to reduce their incidence, as are those 
operating ships and ports. The act of mooring brings together the 
ship, which is designed to move, and the shore – which is not. 

New books from The Nautical Institute can help ports to 
understand the issues ships face when berthing. The London-
based membership organisation has produced two volumes 
– Mooring and Anchoring Ships – which set out to explain the 
principles involved in such operations, to help spread best practice 
in an area where there are no international standards of operation 
and few local ones.

Fenders to protect quays
Ports, fenders and their mountings are primarily designed to resist 
a ship’s onshore motion, and tend to be less able to withstand ship 
movements along a quay. Fenders must protect the quay and the 
ship when impacts happen, without being ripped off the quay or 
damaged by friction. 

Rubber fenders are particularly vulnerable to friction, and 
should be protected from shear forces by sacrificial covers made 
from a material such as wood, polyethylene, Teflon or thin 
aluminium sheet. Alternatively, some fenders, particularly those 
fitted to the knuckles of a wharf, are built to act as rollers so that 
a ship can slide along the wharf without ripping them out. Some 
roller fenders are even made to lock so that they resist fore and aft 
movement when a ship is in position alongside.

The restraining force exerted by fenders is also transmitted to 
wharves, which is not usually a problem for ships up to about 
20,000 tonnes of displacement berthing on quaysides built on 
a riverbank, the shoreline or the edge of an excavated dock.  
Any impact from ships at excessive speed may locally chip part of 
the wharf facing, but ships are likely to suffer greater damage than 
the wharf. 

Large tankers and bulk carriers often tie up alongside jetties at 
the end of long, relatively light and flexible finger piers, which 
are vulnerable to damage from even the gentle impacts with ships 
in excess of 100,000 tonnes of displacement. Short-range and 
high precision laser-ranging systems should be installed on berths 
taking such large ships, in order to monitor the speed at which a 
ship is coming alongside.

Pre-tensioning mooring lines
Although fenders on a berth can be damaged by the friction of 
a ship moving against them, friction is very good at preventing 
the fore and aft movement of a ship when it is heaved tight 
up against the fenders. This is known as ‘pre-tensioning’ the 
mooring lines. If the mooring lines are pre-tensioned against 
very hard fenders, then any small movement of the ship from 
the berth is likely to break the contact between the ship’s side 
and the fenders, so there will be no friction to oppose the ship’s 
fore and aft motion. 

In order to allow effective pre-tensioning, fenders require a 
degree of softness, which depends on the size of the ships 
normally handled on the berth. Some complex fenders on berths 
for very large ships are actually designed so that changes of 

compression in the middle region of their operating range require 
no significant change in the compressive force at all. If a ship’s 
lines are pre-tensioned to squash the fender into this ‘flat’ region 
of compressibility, then relatively small movements of the ship on 
and off the berth will not change the frictional force opposing 
any fore and aft motion of the ship. 

The long breast lines, which are often used to hold tankers 
alongside oil jetties, usually remain relatively close to horizontal 
and perpendicular to the berth, as the height of the ship relative 
to the jetty changes with the tide and/or its loaded state. 
Consequently, the increase in the breast line tensions, beyond the 
force of the wind, is the about same as the compressive force on 
the fenders. The extra load on pre-tensioned head and stern lines, 
which invariably have relatively poorer leads for holding a ship 
alongside, will be much greater than the force of the ship against 
the fenders. 

Variable compressibility fenders and winch 
brakes
Complex variable compressibility fenders are useful on berths 
where a ship is tied up by pre-tensioned mooring lines held 
on winch brakes. However, mooring lines on automatic self-
tensioning winches are held to a set range of tensions, rather than 
on a brake, so the winches pay out or haul in to maintain the 
tension within the set limits when the forces acting on the ship 
change. Self-tensioning winches are designed to automatically 
react to keep the ship alongside when it is rising and falling 
with the tide or cargo operations, so they should require less 
monitoring and adjustment than winches holding the lines on  
a brake. 

If the set tension in the mooring lines, however, is not enough 
to hold against an increasing offshore wind, then the winches 
will pay out the lines until the bitter ends, so casting the ship  
off the berth, unless the tensions are re-set. This would rather 
defeat the objective of self-tensioning control, but the problem 
can be partially overcome by setting the line tensions to compress 
the fenders. 

Mooring ships with self-tensioning control
Ships with self-tensioning control should tie up on berths fitted 
with fenders in which the compressive force continually decreases 
as the fender extends. The fender’s compressibility and size limit 
its extension so, if the wind continues to increase, then the set 
mooring line tensions must also be increased to keep ship against 
fenders. 

Automatic self-tensioning has some serious drawbacks when 
used inappropriately and ships have, on occasion, been cast right 
off the berth, so oil and gas terminals normally forbid using self-
tensioning winches on tankers or gas carriers. However, they are 
often used on other types of ships, such as container ships and 
car-carriers. 

Fenders are an integral part of the mooring’s behaviour when 
self-tensioning winches are used. Tensioning the lines against the 
compression of the fenders provides a buffer to changes in both 
the lead of the lines and offshore environmental forces. 
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Lines that lead predominately fore and aft (i.e. spring lines and 
inshore head and stern lines) should be held on the winch brakes, 
rather than winches set in self-tension, as the latter can cause the 
ship to ‘walk’ up and down the quay. When the lines at one end 
of the ship tighten, their winches to pay out, while the lines at 
the other end slacken, causing their winches to pick up. Such 
behaviour is usually caused by an oscillating disturbance, such  
as when another vessel passes close by, or the berth is subjected 
to swell.

Exposure to offshore winds 
Cargo berths are becoming increasingly exposed to offshore 
winds. Many older, traditional warehouses that provided shelter 
from an offshore wind close to the berth, have been demolished 
when ports were redeveloped to allow greater mechanised cargo 
handling.

Short loading platforms, at the end of finger piers some 
distance from the shore, provide little or no shelter for large 
tankers and bulk carriers. The ship’s entire topside area above 
the waterline is exposed to offshore winds, posing other issues 
that ports should be aware of, as a vessel double the length of a 
previous one is exposed to approximately quadruple forces.
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