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Agenda
1. The problem

2. The structures

3. The rules

4. The solutions strategies



• Our assignment as engineers is easy enough – provide
a platform above the water line with a given water 
depth directly in front

• Fender systems protect the structure from the ship –
and vice versa

• Fender systems should also provide a comfortable
berthing for vessels

• Despite our best engineering efforts, a vessel can easily
tear down (almost) anything we design

The problem



Passenger piers Mooring dolphins Loading platforms

The structures

Loading piers

Susceptible to collapse



• WG211 intruduce significant changes from WG33 in finding 
the design berthing energy

• Consequence classes differentiate on the required reliability 
of the fender system

• Allows for differentiating fender cost based on criticality 

• WG211 also account for multiple fender contact to a larger 
degree than WG33

Fender design



• The structures mentioned previously can typically have brittle 
failure modes, and therefore high consequences of structural 
overloading

• Compared to WG33, WG211 gives smaller fenders for 
continous quay walls and larger fenders for dolphins and 
stand-alone structures

• Reliability of the fender system ≠ reliability of the structure

Fender design



• Reaction force is known up to 75 % 
deflection – 106 % of rated energy

• Overload stop ensures practically 
direct force transfer to supporting 
structure

• What happens next depends on the 
structure 

Example - cone fender



• Velocity distribution from WG145 
(Fitted normal distribution)

• 20,000 berthings

• p(v>vd)=0.0002 (iaw. WG211)

• Distribution of variable load 
compared to assumption in EN1990?

Load distribution

• What happens if you underestimate 
the berthing velocity?



• Velocity distribution from WG145 
(Fitted normal distribution)

• 20,000 berthings

• p(v>vd)=0.02

• Several load cases beyond overload 
protection of fender

Load distribution



• Mobilisation of 
passive pressure

• Extremely high 
resistance

• Failure mode not 
clear

• High energy 
absorption in vessel

Force-displacement and failure modes

• Tipping force 3x design 
force at low displacement

• Sine-shaped force 
reduction over B/2

• Additional energy 
absorption through 
deformation

• Low-medium energy 
absorption in vessel

• Capacity approx. 2x design 
force

• Some additional 
mobilisation in slanted 
piles

• Rapid reduction of 
resistance with small 
displacement

• Low energy absorption in 
vessel

• High restance in 
displacement of coping 
beam

• Probably failure in locks and 
pile sheets before tilting

• Large energy absoption in 
deformation of fill masses

• Low-medium absorption in 
vessel 



Force-displacement and failure modes



• Mobilisation of 
passive pressure

• Extremely high 
resistance

• Failure mode not 
clear

• High energy 
absorption in vessel

Force-displacement and failure modes

• Tipping force 3x design 
force at low displacement

• Sine-shaped force 
reduction over B/2

• Additional energy 
absorption thorugh 
deformation

• Low energy absorption in 
vessel

• Capacity approx. 2x design 
force

• Some additional 
mobilisation in slanted 
piles

• Rapid reduction of 
resistance with small 
displacement

• Low energy absorption in 
vessel

• High restance in 
displacement of coping 
beam

• Probably failure in locks and 
pile sheets before tilting

• Large energy absoption in 
deformation of fill masses

• Low-medium absorption in 
vessel 



Energy absorption in concrete failure

• Energy absorbtion is dependent on deformation

• Concrete has brittle behaviour in failure
• No plastic hinges

• Steel rebar gives some ductile behaviour, but high 
rebar density and high strength concrete reduces 
the effect

• Higher bonding strength -> Lower anchorage length 
-> Lower failure length of anchorage -> Lower 
elongation in rebar before failure -> Lower energy 
absorption per bar

• Bundled bars give better energy absorption due to 
longer failure zones around the bar



Concrete and piles alone cannot stop a ship



• Planning and building code

• EN1990-1999

• Major accident regulations

The rules



Required reliability



Required reliability

• Characteristic load values have a yearly 
probability of exceedence of 0.02 for 
climatic loads. Similar for other variable 
loads.

• Partial factors on
   Resistance
   Effect of actions
ensure reliability in accordance with 
EN1990 for loads defines in EN1991

• Fender reaction force taken as characteristic 
variable load

• Load factor taken as variable load in ULS
• What reliability level is achieved?



• Quay walls and breasting dolphins 
are «out of the scope»

• Does this mean they are exempt 
from the reliability requirements? 

• Probably yes…

• Does this apply to other 
components?

Accidental actions



Wu Yi San allision, Yeosu, South Korea, 2014-01-31



Wu Yi San allision, Yeosu, South Korea, 2014-01-31

• Ship under pilot control

• Assisted by six tugs

• Incident happened under intended 
use

• Adequate assistance

• No mechanical errors

• No human error apart from 
miscalculation

• Breach of port protocol

• ULS or ALS?



MSC Preziosa, Honningsvåg, 2017

• Fall winds during berthing

• Dropped bow starboard anchor

• Quarter point impact

• Unknown impact energy

• Pier close to collapse

• ULS or ALS?





• Just build strong enough?!

• Redundancies

• Partial failure mechanisms

• Risk/consequence mitigation

Strategies



Structural strategies

Probability of failure Consequence of failure



Structural strategies

Can the design be improved upon?



• Collapsible fender units in use at 
Hammerfest LNG and Nyhamna

• Can handle minor accidental cases – 
100-400 % of normal berthing energy

• Design must ensure ductile 
behaviour in failure – give the steel 
room to deform 

Partial failure – additional energy absorption



• Partially independent load bearing 
structures => the loading platform 
can be used (with care) after a 
collission

• The new pier have no redundancies, 
and will be closed after an incident 

LKAB Narvik – different strategies

Berth 5



• Piers closed to public access (or 
access minimised) apart from 
embarking or disembarking

• Independent failure modes

• Operational requirements
• Minimise personel at risk

• Emissions due to ship collisions 
handled through terminal design

• Storulykkeforskriften (Major accident 
regulation) – risk contours

Mitigating risk/concequences



• Structures that are exposed to ship impact can fail

• Failure of these structures must be acceptible to society

• Structures where failure is unaccaptable must not be exposed 
to ship impact

Final words



Tromsø Skien Perth

Be vigilant



Maersk Shekou, Perth, 2024-08-30

• 332 m LOA | DWT 108,000 | TEU 8,800

• Collision during channel entrance assisted by 
four tugs

• Hit museum roof, pier and historic ship (STS 
Leeuwin II)
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