
The problem
The marine industry is likely overspending on dock fenders - in 
some cases by only 10 to 20 percent but in many cases by as 
much as 80 percent or more. And this is not taking into account 
the missing potential savings in dock construction costs of more 
than 10 percent, or the missed opportunities for reducing fender 
maintenance costs, if the design process were different.

Design energy determination
A major cause of this is adherence to practices developed more 
than 40 years ago that have been enshrined as accepted practice 
despite all that has been learned since. The theoreticians who 
developed the original design guidelines for fenders incorporated 
adjustment factors to account for all the variables they foresaw 
affecting the calculated energy requirements.

The theory is reasonably sound.  But its accuracy is heavily 
influenced by the values that were postulated for the various 
adjustment factors: construction, eccentricity, hydrodynamic and 
softness factors. Two of these, the softness and eccentricity factors, 
are reasonably accurate, but the other two are simply unproven 
postulations. Subsequent super-computer simulations indicate 
that their traditional values and formulas likely overestimate their 
effects considerably.

The satisfactory performance of fenders over the decades 
is proof only that designs based on those calculations are 
conservative enough to survive.  Ideally, good practice would 
provide a design factor of maybe 25 to 40 percent over actual 
applied loads.  My broad, in-depth experience over the last 30 
years has convinced me that actual, as-built design factors are 
likely much higher than this.  Otherwise, there would have been 
a series of fender failures over the years, during berthings, and 
the fact is there hasn’t. This is not due to brilliant design.  Instead, 
fenders’ success in general is due to actual berthing energies being 
dramatically lower than what the formulas calculate.

Design energy: the problem and solution
All of these comments about the overestimation of design 
berthing energy inherent in the traditional energy calculation are 
based on the general practice in North America, which does not 
adjust the calculated energy value by a further arbitrary service 
factor of at least 1.4, as stipulated by the British Standard (BS).  
Thus, probably 90 percent of installations in North America are 
empirical proof that the service factors required by the BS are 
simply serving to drive the cost of fendering much higher than 
necessary. It necessarily results in larger fenders, greater reactions 
into, and more wear and tear on dock structures.

It is ‘easy’ to simply drop the BS service factor and make a 
major savings without going into uncharted waters, since that 
has been the practice in North America. However, North 
American practice is also conservative. There is no tested means 
of reducing the design energy, as is possible in countries using 
the BS. It is not likely that many designers will be willing 

to actually reduce the calculated energy value, but it should 
be standard practice not to use maximum values on every 
adjustment factor. Where ranges of values are permitted, try to 
select approximately 90th percentile values.

Shear deflection restraint: the problem
In a similar vein, much design effort and significant cost is 
expended trying to restrain fenders, especially buckling fender 
systems, from shear deflecting vertically and/or horizontally under 
the almost universal belief that shear simultaneous with normal 
deflection has a deleterious effect on a rubber fenders’ ability to 
perform its design function.  In fact, up to at least 40 percent 
shear deflection there is no effect on performance or on useful 
fender life.

Shear restraint: the solution
Adding shear restraints not only adds cost, it is unnecessary, 
because they are incapable of stopping moving objects without 
physical damage. Without shear restraints, there is a greatly 
reduced chance of damage, and the fender will function optimally. 
If damage does occur, it will be less severe than if restraints are 
employed, so  avoid shear restraints.

Optimal fender design strategy
When designing a dock from scratch, the optimum solution 
is achieved by designing the fender system in conjunction 
with the dock design process. This permits the coordination 
and optimisation of all factors affecting dock and fender life: 
energy absorption, resisting the reaction force of the fenders 
and optimizing dock/fender geometry for the most effective 
operation.

Types of marine fenders
There are five basic types of marine fenders. Three, foam, 
pneumatic and the rubber buckling type, have either 
significant niche or broad based application and provide good 
energy dissipation. A fourth, rubber cylindrical fenders, is not 
economically competitive as an energy absorber whether end 
loaded or transversely loaded. This is not the ‘general knowledge’ 
throughout the marine world, but rubber arch fenders, also called 
V-fenders, dissipate more energy per unit of cost, and exert a 
lower reaction in any given envelope.  A fifth type, shear fenders, 
has a small but loyal market niche even though it is not clear they 
are economically competitive with the first three types.

Pneumatic and foam fenders
Pneumatic and foam type fenders have carved out solid niches 
in the fender marketplace, for naval vessels, ship-to-ship and high 
tidal/river stage variation. Because of the limited flat areas on 
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many naval vessels and the thinner hulls they commonly employ, 
foam and pneumatic fenders’ shape conformance and low hull 
pressure make them uniquely suited for naval applications. With 
large tidal or river stage variations their buoyancy keeps them 
positioned in the same position vis-à-vis the berthing vessels, a 
definite advantage.  However, in such applications the fenders 
are a small part of the total installed cost. The continuous vertical 
structure that the fenders react against can cost several multiples 
of the fender cost depending on the height of water level 
variation. Cost can be reduced by closely coordinating the design 
of the dock structure itself with the fender reaction wall.  Being 
able to transfer reaction loads into the dock structure at various 
intermediate elevations can dramatically reduce the overall cost of 
the fender installation.

Pneumatic and foam fenders are also used affixed to docks 
(rather than left to float), but in this case it is unclear that the 
problems posed by fixed mounting of these fenders give them 
any net technical advantage over buckling fenders, which are also 
less expensive.  When anchored on a dock they are susceptible 
to being pulled off in the case of sustained offshore winds 
simultaneous with significant lowering of the hull due to either 
tide or draft change. The problem stems from the fact that the 
only way to anchor them is by chaining them tightly against 
a dock. Because vessels react against fenders’ diameters, but 
the anchor chains attach to the fenders’ centre cores, a vessel’s 
downward shear force is doubled into the anchor chains. This is 
further exacerbated by the fact that the cylinder-shaped fenders 
readily roll up and down.

For equivalent energy capacity, both pneumatic and foam 
fenders require much greater standoff than buckling fenders. 
This creates significant cost implications for dockside material 
handling equipment, such as cranes, loaders and unloaders 
etc. These require greater outreach to overcome the extended 
standoff of the vessels. With the possible exception of naval 
vessels, it is questionable whether they offer any advantage over 
buckling fenders.

Foam and pneumatic fenders are traditionally considerably 
more expensive than buckling-type fender systems.

Buckling-type fenders
For a broad spectrum of applications, buckling-type fenders, 
usually consisting of rubber fender element(s), rigid contact panel 
with weight restraints and low-friction contact surface, are the 
economic and performance choice. They are relatively easily and 
effectively adapted to a broad range of applications.

In most situations, buckling-type fenders exert a lower 
reaction for a given energy dissipated. It is widely believed that 
for berthing energies significantly below the rated capacity of a 
fender, foams, pneumatics and even transversely-loaded cylindrical 
rubber fenders exert lower reactions. In fact, at all energies above 
approximately 20 to 25 percent (depending on the specific 
proportions of a given buckling fender) of rated energy capacity, 
buckling-type fenders exert lower reactions than do all other 
fender types by as much as 50 percent less.

While low hull pressure against curving surfaces is a primary 
reason for employing foam or pneumatic fenders, it is not even 

a valid characteristic of buckling-type fender systems.  Fender 
systems protect hulls from deformation by essentially bridging 
between adjacent hull frames and transferring most of a fenders’ 
reaction directly into the frame rather than into the hull plating. 
Thus, it is very difficult for a buckling fender system to deform a 
hull no matter what its theoretical hull pressure is.

Thus, the parameters that define optimum panel configuration 
are panel width and/or height. They need to be great enough 
to assure that the panel will always bridge between frames. 
Panel area per se is irrelevant. Arbitrarily making a fender panel 
as large as relatively low hull pressures require not only adds 
additional cost with no offsetting benefit but makes the panel 
more susceptible to hooking by mooring lines, a significant 
cause of fender damage.

Conclusion
The keys to designing a marine fender with optimal performance 
and minimal cost are: calculating design energy using no more 
than middle of  the range values for velocity, hydrodynamic factor 
and construction factor. Do not add a further safety factor. Use 
a buckling-type fender or fender system unless niche conditions 
indicate foam or pneumatic. Avoid cylindrical fenders. If a 
rigid contact panel is employed, keep its face dimensions to the 
minimum consistent with typical hull frame spacing. Avoid the 
use of shear restraints. Follow manufacturers’ recommendations 
regarding need for panel weight support. If used, install supports 
at an angle of 28-40 with respect to horizontal angles (so it won’t 
act as a shear restraint).
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