3.2 Design Loads
3.21 General

The design load for a limit state is defined as the most unfavourable combi-
nation of the characteristic load multiplied by a load coefficient. The limits
states are categorized as follows:

- The ultimate limit state (ULS) is related to the risk of failure or large
inelastic displacements or strains of a failure character.

- The servicability limit state (SLS) is related to criteria governing
normal use or durability.

- The fatigue limit state (FLS) is related to the risk of failure due to the
effect of repeated loading.

- The limit state of progressive collapse (PLS) is related to the risk of
failure of the structure under the assumption that certain parts of the
structure have ceased to perform their load-carrying functions.

Characteristic loads acting on a berth structure.
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Fig. 3.2.1. A Characteristic loads acting on a berth structure
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4.1 General

The marine fenders provide the necessary interface between the berthing ship
and the berth structure, and therefore the principal function of the fender is to
transform the impact load from the berthing ship into reactions which both
the ship and berth structure can safely sustain. A properly designed fender
system must therefore be ablelfo enilylstop]a moving or berthing ship
out damaging the ship, the berth structure or the fender. When the ship has
berthed and been safely moored, the fender systems should be able and strong
enough to protect the ship and the berth structure from the forces and mo-
tions caused by wind, waves, current, tidal changes and loading or unloading
of cargo. The design of fenders shall also take into account the importance of
the consequences suffered by the ship and the berthing structure in case of an
eventual accident due to insufficient energy absorption capacity.

During design of berth and fe%der constructions in the past and even up to to-
day, one has tended to plan and design the berth structureitself first, and only
later the type of fender one hopes will satisfy the requirements as regards
berth and ships. This approach to design has resulted in damages occurring
quite frequently to berth and fender structures, and to a lesser degree to ships.

The correct procedure should be to plan and design the fender and berth
structures jointly. The choice of fenders shall be dependent on the size of
berthing ships and maximum impact energy. After having identified the
fender’s criteria, one can finalize the design of the berth superstructure, If the
following factors are therefore considered in selecting the fender system:

- The fender system must have sufficient energy absorbtion capacity.

- Thereaction force from the fender system does not exceed the load- .

ing capacity of the berthing system. -

- The pressure exerted from the fender system does not exceed the
ship hull pressure capacity. )

- The capital construction costs and maintenance costs are consider-
ed during the design of both the berth structure and fender system.

this procedure will lead to:
~ Right structural solutions

- Lower construction costs
- Lower annual maintenance costs.
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where Dis the displacement tonnage of the berthing ship. A factor of 0.5 may
be applied in cases where the impact would either be shareéd between two
fenders or accompanied by rotation of the ship.

The statistical design method is based on measurements of the impact energies
actually absorbed by the fenders during berthing. As the method is based on
the measurements actually observed at existing berth sites it automatically in-
cludes the effect of the berthing velocity, hydrodynamic mass, eccentricity etc.

In figure 3.2.2.3.E the impact energy during berthing operations in normally
protected harbours is shown as a function of the displacement of the ship.
One curve shows the measurements of the energy in Rotterdam. The two
other curves show the impact fender energies recommended by the British
Code of Practice and the Norwegian Standard for berth structures. The
Norwegian Standard also mentions that for harbours exposed to strong
winds and currents or with particularly difficult maneouvring conditions, the
impact energy given in figure 3.2.2.3.E shall be increased up to 50%. For
structures in the open sea the impact energy shall be increased up to 100%.

] Z ~
. i - Vi
British —| 7 .
\YT //
~ v 2000
A £
. 77 /,///
Norwegion - v —1
I .
e A LN
4 ol
ra -~ /,/ E
Rotterdam —Z 7 =17 1000 2
<, z
e -
L)
—-’—% 500 &
== ﬁ" { E
5 10 e @ 0w 5 0 0o 50 A0 250

SHIP DISPLACEMENT (1000 TONS!

Fig. 3.2.2.3.E Impact energy during ship berthing to a berth structure

When the energy to be absorbed by the fender has been established, one
should select a fender which will transmit an acceptable horizontal force
against the berth structure front. This horizontal force will depend on the
characteristics of the fender. It should be taken into account that the ship will
also have to resist this force. Generally it is desirabie to have these horizontal
forces or reaction force and corresponding reaction pressure as low as pos-
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sible to avoid damage to the side of the ship, and to minimize the construction Co%k -
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4.4 Different Types of Fenders

In the following the various types of rubber fenders will be discussed, which
today are the most used of prefabricated fenders. Since the first rubber fen-
ders were made in the 1930s, they have proved resistant to aggressive and pol-
luted water as well as wear and tear from ships, as long as they have been cor-
rectly installed. Their purchase price and maintenance costs are also below
those of most other types of fenders. Rubber fenders are produced in many
sizes and shapes, depending on their function. One should be aware of the
fact that for different manufacturers producing appearantly identical
fenders, their fender factors may differ entirely.

Sizes

Reaction | Ene
Tvpe Fendershape ‘D/i:, Hhtf kN k Nrgg: Performarnce curve
in mm
15071000 a0 3 _§
Cylindrical ; | { 4 § i
oz
o,
2800,580! 6 600 5000 Rated c ons%?ssmn
Looss50 | 52 8
Cell J ‘ ‘ 5
3000:3250( 5800 6 700 475 and 525 %
2501000 | 150 15
10002000 | 2290 940 50%
V- type
20071000 150 10
b A
1300/3500{ 3400 |. 1500 5%
400,500 140 22 1
H-type ‘ i J !
2500400 6900 | 7000 '
509
5001000 | 50 4 J
—— I3
Pneumatic %@JD ‘ J J 5
[ L i *_ 450012000 8500 7000 5592

e

Fig 4.4 A Different types of rubber fenders
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= - Chain system.

Ty, g

= . Chain ond

g

... bar system.

" Ladder system.

Fig. 4'4.C Different ways of installing cylindrical fenders

'Pneumatic balloons are available in sizes ranging from 50 cm outside diam-
eter (OD) and 1.0 m length, to 4.5 m outside diameter and 12 m length. They -
are well suited as buffers between two tankers or between a tanker and a berth -

structure, -

There is not necessarily any connection between the fender actor P/Ef and
the flexibility or the rigidity of a fender. There are fenders with low fender fac-
tor (energy-absorbing fender) which are very rigid, and fenders with high
fender factor (surface-protecting fenders) which are flexible. For instance, old
car tyres used as fenders are very flexible but act as surface-protecting fenders.
Even under small loads they are pressed flat and function’ only as solid
fenders,
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%?rcb;rg.HSweﬁeF rinerterminal) Mongstad (near Bergan), Norway
xand.a Hfamn contginerterming ] Oii!unker ferm]nul

Fc{s-—sur-Mer (N}arseilie), France Gigant fendars @ 1400 > 500 1500 mm long. * Fiotta island, Orkneys, Great Brittain Jumbo fenders @ 2450x 1400 x 5300 mm long.
Oiltanker terminal . Oil tanker terminal. Gigunt fenders @ 1500x 800x 1500 mm iong.

o

-

Bulkcarrier terminal

Brunshattelkeog, Western=Germany Gigont fenders @ 17502 1000x 2000 mm long. Antwerp Dacks, Belgium Cylindrical fenders @ B0 150 % 2000 mm long. i
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PARABORDI A GRAVITA®

Principio: Ienergia cinetica della nave ¢ convertita in energia potenziale del parabordo mediante il sollevamento di
una massa (contrappeso);

Pro: pu6 essere adattato ad un ampio gamma di condizioni di'accosto

. Contro: elevati costi di installazione e di mamitenzione, . ‘
richiede una struttura del muro di banchina molto resistente per “sostenere” il contrappeso;
€ necessario prevedere una protezione addizionale per la carena della nave .

PARABORDI CILINDRICI CARICATI RADIALMENTE (CILINDRI TIPO PIRELLY)

Principio: I'enérgia cinetica della nave & convertita in energia potenziale del paraborde mediante wna combinazione di
deformazioni elastiche dell’elemento di gomma indotte da sforzi di compressione e di flessione. La reazione
. del parabordo & yna funzione esponenziale della deformazionie
Pro: facilita di installazione; ) :
discreta varieta di offerta sul mercato in termini di forme, dimensioni e produitori;
Contro: valori elevati del coefficiente di attrito parabofdo/carena che possono provocare rotture dei parabordi
area di contatto parabordo/carena modesta e quindi elevate pressioni esercitate sulle carene.

PARABORDI CON CORPO CILINDRICO O TRAPEZOIDALE CON ASSE PERPENDICOLARE AL
FRONTE DI ACCOSTO DOTATI LATO MARE DI UN PANNELLO DI RIPARTIZIONE

Principio: I’energia cinetica della nave & convertita in energia potenziale del parabordo e calore mediante deformazioni
assiali elastiche dell’elemento di gomma indotte da fenomeni di instabilita flessionale (carico di punta} ed
isteresi.

Pro: facilitd di installazione; .
il pannello di ripartizione riduce i valori della pressione esercitata sulla carena della nave
rispetto agli altri tipi di parabordi a parita di reazione massima assorbe una maggiore energia

Contro: valori elevati della reazione anche in occasione dell’accosto di navi di dimensioni inferiori a quella di progetto

PARABORDI GALLEGGIANTI PNEUMATICI

Principio: I’energia cinetica della nave & convertita in energia potenziale del parabordo mediante una compressione
elastica dell’aria contenuta al suo interno, '
Pro: facilita di installazione;
elevati valori dell’energia assorbita associati a reazioni relativamente modeste
pressione esercitata sulla carena della nave uniforme e di valore modesto
le valvole.di sovrappressione prevengono i danni dovuti ad impatti anomali
si “adatta” alle diverse forme delle carene delle pavi senza indurre concentrazieni di carico
adatto in Jocalith con elevate escursioni di marea ' '
Contro: elevati costi di manutenzione e gestione {periodice controllo pressione interna, danni per forature etc.);
- dimensioni elevate e quindi elevate distanze della nave dal limite del fronte di accosto;
la nave durante le fasi di scarico tende a “salire” sul paraberdo
costo elevato




PARABORDI GALLEGGIANTI BI POLIETILENE ESPANSO

Principio: I’energia cinetica della nave & convertita in energia potenziale del parabordo mediante una compressione
elastica del materiale (polietilene espanso) contenuto al suo interno. '

Pro: facilita di installazione; .
elevati valori dell’energia assorbita associati a reazioni relativamente modeste
.mon subisce collassi a causa di forature e/o tagli
adatto in localita con elevate escursioni di marea

Contro: pressioni esercitate sulle carene delle navi noin sono uniformi e quindi pud indurre concentrazioni di carico
dimensioni elevate e quindi elevate distanze della nave dal limite del fronte di accosto;
la nave durante le fasi di scarico tende a “salire” sul parabordo ‘
costo elevato- '

| PARABORDI TRAPEZOIDALI |

Principie: ]’eﬁefgié cinetica della nave & convertita in energia potenziale del parabordo e calore mediante deformazioni
assiali elastiche dell’elemento di gomma indotte da fenomeni dj instabilita flessionale (carico di punta) ed
isteresi. ' . :

Pro: facilita di installazione;

rispetto agli altri tipi di parabordi a parita di reazione massima assorbe una maggiore energia
Contro: valori elevati della reazione anche in occasione dell’accosto-di navi di dimensioni inferiori a quella di _progetto
ridotte superfici di contatto parabordo/carena e quindi elevati valori della pressione esercitata sulla carena

BRICCOLE SU PALI (DUCA D’ALBA)

Principio: I'energia cinetica della nave & convertita in energia potenziale del parabordo mediante Ia deformazione
elastica (spostamento) di uno o pi pali di acciaio. C’& una relazione lineare tra la réazione e la
deformazione della struttura. A volte sulla sommita vengono installati parabordi di gorima con parinello di
ripartizione per incrementare la capacita di assorbimento di energia del sistema e ridurre la pressione
esercitata sulla carena della nave. _ . S '

Pro: il sistema combiné insieme le due funzionj di paljahordo e di struttura di accbsto; ‘
la flessibilith e l’assorbimgnto di energia del sistema si riduce con la lunghezza libera di inflessione del palo

‘Contro: in caso di carico eccentrico con rotazione del gruppo di pali il comportamento del sistema & inadeguato
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4.5 Effects of Fender Compressions

After having calculated the probable impact energy a ship will have when
berthing, one can deduce from the manufacturer’s catalogues the compres-
sion of the various fenders and the thrust the latter will transmit tg the strue-
ture, Manufacturers always provide two diagrams for fenders, one showing
the relationship between energy and compression and the other the impact
force/compression relationship.

In figure 4.5.A two such diagrams have been combined to illustrate what hap-
pens when a ship is berthing. The fender with an 1500 mm ¢ and 800 mm ID
and a 1500 mm length will with 50% compression absorb an impact energy of
330 kNm. The resulting force to be resisted by the berth structure will be 900
kN with a fender factor P/E¢ 900/330=2.7 kN/kNm. What is interesting
about these large fenders which are designed for bigger ships, is that they have

C Ur A IJC-QM;%iN &Tzf‘/;

ool <P at _56% compression T " g7
58% =870
2000/ - !
] E |
P, / |
" b, 1500x $;800 x | 1500 !
] -— o
1500, g .. = 1.88 i
. 33/55%=825
kN '
_ 8
1000 P =27 0
g i =L,
900 ,.‘Jf at_ _50% compression ________ 5 7_'2__ fe ; 50% =750mm 96’.]
— e 29 - 425 2% =710 g }
37 5% L 675 | 8,
] 40% =600 ! ©!
A 37 : 83' ol
500 - P i 0% = 450 wHl W
. 6 =125% 1375 ! |
Yo ~20%4300 x5! 5!
10% =150 o L;;i
0 50 100 | 150 200 250 BO0 330350 400 450
E M= Dy 125 Pk Ef kN’g':fo Dihey HID

Fig 4.5.4 The effects achieved at various degrees of compression of the fender

a high fender factor with low compression (at 10% compression P/Ef =

14.0 kN/kNm. Where smaller ships are concerned, they will have little energy-
absorbing effect but function more as surface-protecting fenders. The curve
shows that the fender factor decreases with increasing compression, as far as
50% when it is 2.7 kN/kNm. Beyond this the factor increases with increasing

compression.
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ender system shown in figure 4.7.A-D, is often called an ideal
‘because of its energy absorption and reaction force characteris-
tics. When a cell fender and a cylindrical fender are combined in a double-
fender system as illustrated in figure 4.7.B, the cylindrical fender will «soften»
the reaction/compression characteristics of the double-fender unit. This will
make the double-fender more useful and it will act as an energy-absorbing
fender also for smaller ships (see chapter 4.5). The cylindrical fender must be
solarge that the reaction force when the cylindrical fender is closed (compres-
sion equal to about 50% of the outside diametre), is equal to the reaction
force needed to compress the cell fender. In order to prevent the cylindrical
fender to be compressed more than about 50%, a compression stopper or
protector can be mounted as illustrated in figure4.7.B.

DoudL s FEJDP

Cell fender Cylindrical fender Combined fender
o Protector

Fender wall

v

|
l¥|<1

WS

13

/E_._yrmder l .

~50% 0D Coempression

Fig. 4.7.B Reaction/compression characteristics of double fender

The design of a double-fender system should be done according to the trail-
and-error method, and the procedure will be as follows:

- Calculate the ship’s impact energy

- Choose an impact force P equal to the horizontal force the berth
structure or ship’s hull can resist divided by a safety factor.

- Check that the total fender energy absorbed is at least equivalent to
the ship’s impact energy.

— Check the fender factor.
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STUDIO BALLERINI

@02

48 - LAVORI MARITTIMI IN AMBITO PORTUALE

48.70.01¢

Frovvista e posa in apera dj parabordo formate da un manicotto
Gilindrico in gomima, colore nero, completo di complesso metaliico di
appensione e fissaggio, delle dimensioni di-

2,80x4,00 m

Provvista e posa in opera mediante infissione di palancole del tipo

48.10.010,010 381x191x1000 mm e e cad 773,96 10,3
48.10.010.020 B00x360x1000 mm C e S T cad  1,.89874 7.7
48.10.016,030 “1000X300% 1000 mm T T USSR OTO cad  4.297,90 3,4°
48.10.010.040 1500x750x1560 tmm cad 10.322,84 1,4
48.10.010.050 1500x750%2000 mm cad 14.845,38 14
48.10.020 Provvista & posa in opera di parabordi trapezoidali di soka gomma
nera, completi del relativi tirafondi o bullonarie, della dirmensiconi di:
48,10.020.005 agoxooomm e . S cad 1.163,97 6.8
48.10.020.010 A00x 1500 rmm et e et ¢ad 1.635,97 4.9
48.90.020.015 3002000 men : cad 2.111,48 3.6
46.10.020.020 3002500 rmrm et St b e e semeem e rarest st esaems see oo cad 261091 31
48.10.020.025 400x1000 mm cad  1.713,60 7.0
48,10.020.030 400x1500 mm e b e et nt cad  2.355,75 5,08
480020035 400x2000 mm OO SO ¢cad 3.077,80 Y
48.10.020.040 400x2500 mm P cad  3,769,04 3.2
48.10.020.045 500x1000 mm ey e sy epans Ao ena e e s mamems s e anremrress cad 2.528,26 - 47
48.10.020.050 500x1500 mm cad 3.833,55 2,3
48.10.020.055 500x2000 mm . et eomrene sttt eeeee e meneeeen tad 472149 a5
48.10.020.060 600x1000 mm cad 3.349,59 3.6
4B.10.020.085 BDDXTHO0 MM et s et es enncet e cad 4.923,38 2.4
48,10.020.070 eDox2000 mm L. brmre et s ceeemmemeas os erren . . cad 6.461.30 ' L8
48,10,030 Provvista e posa in opera di paraberdi cliindric] di polietilene espanso
rivestito con polivretano, corredati di tubi centrali con piastre di
sospensions, compresi golfarl e catenacci di sospensione, della
dimensioni di- :
4810030005 0,90x1,50 m e ¢ad  5.069,69 64
48.10.030.010 1,22x2,44 m - cad B.188,01 40
48.10.030.015 1,22x3,05 m cad B.871.57 3
46.10.080.020 18522 44m cad 10.836,40 9,0
48.16.030.025 TEZRAOE M ettt reee et e e e s seas cad 13.595,49 2.4
- 48,10.030.030 1.68%3,68 m cad 19.279,35 1,7
48.10.030.035 2,443,668 m cad 32,039,62 1,
| 48.10.030,040 cad 41,305,14 0,8

48.11.010
Larseen di qualita’ ST 37 ST 45 1l profili normali, compreso
leventuale taglio e regolarizzazione dells teste, Ia ) .
maovirnentazione del macchinario @ dei mezzi necessar :
48.11.018.010 per asecuziona via mara. ... Hg 2,59 184
48.11.010.020 PEr QEECUZIONG Vid tarrd, ... Kg 1,89 113
— —— R
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