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‘‘ I Quaydfeflder design

[ Feaders arepmtective siructures mounted on the sides
of quays Lo effectiveiy absorb coliision energy and
çrevenl &nage to vesseis and structures. They are
iica1Iy made of a resiiient materiai, such as rubber,
plastic, or am. Rubber fendem are the most common
iype and arc usuaiiy made from naturai or synthetic
rier. Foam fenders are made from a celiular foain
,eriai ofien used in high impact applications.

Wben woperly designed and installed, fenders
‘ff, ‘icantiy reduce the risk of huil damage,

*cli can be costiy and time-consuming to repair,
md personai injury of crew and passengers.

ii isnportant to correctly design berthing struc
tres and seiect appropriate ship fenders. For this
PWSe, the impact forces of ships on the fenders
Uing docking procedures must be weII quantified.

Reguiation, reeommendatjons issued by PJ.ANC
2), OCfljF (i992) and other nonns such as Hrit
aSiadasd BS 2014) or ROM2,011, (2012) pro

a set of recomrnendations for the desigu of
hmg and mooring systems for commercial ves

ta benhing at quays doiphins, pontoons, and other
tIures, The methodoiogy in such norms is simiiar.
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ship impact loads on fenders: Experimental approach
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ÃJST1
pocking iarge vesseis is a delicate opemtion as the kinetic energy associated with the large

dtIW vessei can result in high impact forces that can damage the vessel, fendem or even the quay. Berthing Ioads

ualiy qu iitifled using design fonnulae based on kinetic energy and a single point of impact. Some correction

are then used to consider the hydrodynamic mass, the ship’s angie with the quay, the softness of bemthing

g, tj1nfiguration. la this study, a scaied modei experimental set-up was used to determine the impact

I frfs of a ship On Lhe fender system, incltiding ali fenders touched by the ship, during various docking maneu

‘fite pgem and magnitude of the impact forces are different for each fender and are highiy dependent on the
tseetoty and mass of the ship- A comparison was made of the mejsured values of the impacts and Lhe

xsign nrces çaiculated using widely used regulations. Our findings showed some discrepancy between maximum
forces using kinetic energy method and measured forces, suggesting it may underestimate the maximum

àqact force in some scenarios
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F.
DUCTION To determine the impact energy, i,e. the maxirnum

energy that the fendering system must absorb in the
event of a coilision, usuaily involves the following
steps:

(1) Determine the maximum impact specd.
(2) Caiculate the kinetic energy of the ship.
(3) Establish a desired coefflcient ofrestitution, CR.
(4) Caiculate the impact energy.
(5) Seiect the appropriate fendering system.

lhe maximum impact speed is the maximum
speed at which the ship couid coiiide with the fen
dering system. This can be determined from the
ship’s displacement and easiness of the maneuver
(ranked form a, easy berthing with good conditions
to e, diflicult berthing with bad conditions).

Kinetic energy is the energy of motion of the
ship. It can be calculated using the foiiowing
equation:

E, = I/2MV2CMCECSCC (1)

where:
M is the mass of the vessei (in tonnes),
v is the maximum impact velocity or berthing vei

ocity (in mis),
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