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Approach
The Smarter

The demanding nature of commercial ports and terminals 
means you need partnership that provides much more 
than technically superior products and technologies. You 
need to work with a partner that combines best practice 
expertise gained through worldwide experience with a 
deep understanding of local requirements and 
regulations. At Trelleborg, we call this the Smarter 
Approach.

Our Smarter Approach combines global reach with 
feet-on-the-ground local presence, delivering solutions 
that continually enhance your operations.

Smart technologies are at the forefront of improving 
operational ef�ciencies. Trelleborg�s innovative SmartPort 
offering deploys the latest in marine technology 
applications to help ports and terminals optimize their 
operations.

Connect with a partner that combines smart solutions, 
proven product capability and industry expertise to 
maintain and enhance port and vessel performance.

Take a Smarter Approach, with Trelleborg Marine 
Systems.

Transferring know-how
for smarter LNG

The smarter approachThe smarter approach

The smarter approach
for a more ef�cient port

Materials best practice 
for a smarter port

The smarter approach

Connect with  
The Smarter Approach  
By Trelleborg Marine Systems

Visit: www.trelleborg.com/marine

Connect: TrelleborgMarine

Discover: TrelleborgMarine

Converse: @MarineInsights

Explore: MarineInsights

Discover: MarineInsights
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Fender Application
Design Manual

Trelleborg Marine Systems is a world leader 
in the design and manufacture of advanced 
marine fender systems.

We provide bespoke solutions for large and complex 
projects all over the world. Best practice design and 
quality materials ensure a long, low maintenance 
service life, no matter how demanding the working 
and environmental conditions. 

All fenders are supplied fully tested and meet PIANC 
2002 guidelines. Our pneumatic fenders are also 
completely ISO17357-1:2014 compliant. Our high 
performance solutions combine low reaction force 
and hull pressure with good angular performance 
and rugged construction. 

Trelleborg�s fender systems can be integrated with 
SmartPort. SmartPort by Trelleborg is a technology 
platform that connects disparate, data-driven 
assets, giving stakeholders a holistic view of 
operations to power communication and decision 
making.

Take a Smarter Approach to fender performance 
with Trelleborg.
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A Smarter Approach
at every stage

A smarter approach to�

CONSULTATION

Conceptual design in your 
local of�ce � with full 

knowledge of local standards 
and regulations, delivered in 
your language � for optimized 

port and vessel solutions.

CONCEPTS

Concepts are taken to 
our Engineering Center of 

Excellence where our team 
generates 3D CAD designs, 

application-engineering 
drawings, a bill of materials, 
�nite engineering analysis 

and calculations for both our 
fender systems and marine 

technology solutions.

DESIGN

Our entire product range 
is manufactured in-house, 

meaning we have full control 
over the design and quality of 
everything we produce. Our 
strategically located, state-
of-the-art facilities ensure 
our global, industry leading 
manufacturing capability.

MANUFACTURE

Consultation from the earliest 
project phase to ensure the 
optimum fender, mooring, 

navigation and transfer 
solutions are speci�ed, with 
full technical support from 

our global of�ces.
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When you choose Trelleborg you 
ensure your expectations will be met, 
because we deliver a truly end-to-end 
service � retaining vigilance and full 
control at every stage.

Dedicated project 
management, from solution 
design right the way through 

to on site installation support. 
We design products and 

solutions that always consider 
ease of installation and future 
maintenance requirements.

INSTALLATION

Across our entire product 
range, stringent testing 
comes as standard at 

every step in our in-house 
manufacturing process. We 
ensure that life-cycle and 
performance of our entire 
product range meet your 
speci�cations, and more.

TESTING

Local support on a truly global 
scale, with customer support 
teams all over the world. And 

this service doesn�t stop after a 
product is installed. You have our 
full support throughout the entire 
lifetime of your project, including 
customized training programs, 

maintenance and onsite service 
and support.

SUPPORT

Deploying the latest in smart 
technologies to enable 
fully-automated, data-

driven decision making that 
optimizes port and terminal 

ef�ciency.  At Trelleborg, we�re 
constantly evolving to provide 
the digital infrastructure our 
industry increasingly needs. 

THE FUTURE
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USING THIS GUIDE

This guide addresses many of the frequently asked 
questions which arise during fender design. All 
methods described are based on the latest 
recommendations of PIANC as well as other 
internationally recognized codes of practice.

Methods are also adapted to working practices 
within Trelleborg and to suit Trelleborg products. 

Further design tools and utilities including generic 
speci�cations, energy calculation spreadsheets, 
fender performance curves and much more can be 
requested from Trelleborg Marine Systems� local 
of�ces. 

DEFINITIONS

Rubber fender Units made from vulcanized rubber (often with encapsulated steel plates) that absorbs 
energy by elastically deforming in compression, bending, shear or a combination of 
these effects.

Pneumatic 
fender

Units comprising fabric reinforced rubber bags �lled with air under pressure and that 
absorbs energy from the work done in compressing the air above its  normal initial 
pressure.

Foam fender Units comprising a closed cell foam inner core with reinforced polymer outer skin that 
absorbs energy by virtue of the work done in compressing the foam.

Steel panel A structural steel frame designed to distribute the forces generated during rubber fender 
compression.

EXCEPTIONS

These guidelines do not encompass unusual ships, 
extreme berthing conditions and other extreme 
cases for which specialist advice should be sought.
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Design Flowchart

  type(s) of cargo
  safe berthing and mooring

  berthing procedures
  frequency of berthing
  limits of mooring and operations  
(adverse weather)

  range of vessel sizes, types
  special features of vessels (�are, 
beltings, list, etc)

  allowable hull pressures

  codes and standards
  design vessels for calculations
  normal/abnormal velocity
  maximum reaction force
  friction coef�cient
  desired service life

  horizontal and vertical loading
  chance of hitting the structure 
(bulbous bows etc)

  face of structure to accommodate 
fender

  determine main characteristics of 
fender

  manufactured in accordance with 
PIANC guidelines

  veri�cation test methods

  selection of abnormal berthing safety factor

CM virtual mass factor
CE eccentricity factor

  wind speed
  wave height
  current speed

  energy absorption
  reaction force
  de�ection

  topography
  tidal range
  swell and fetch

  environmental factors
  angular compression
  hull pressure

  temperature
  corrosivity
  channel depth

  frictional loads
  chains etc
  temperature factor
  velocity factor

  light, laden or partly laden ships
  stand-off from face of structure 
(crane reach)

  fender spacing
  type and orientation of waterfront 
structure

  special requirements
  spares availability

  safety factors (normal/abnormal)
  maintenance cost/frequency
  installation cost/practicality
  chemical pollution
  accident response

  implications of installing the 
fender

  bevels/snagging from hull 
protrusions

  restraint chains

  check availability of fender
  track record and warranties
  future spares availability
  fatigue/durability tests

CC berth con�guration factor
CS softness factor

  better stability on berth
  reduction of reaction force

Functional

Operational

Design criteria

Check impact on structure and vessel

Final selection of fender

Calculation of fender energy absorption

Calculation of berthing energy

Design process

Ship Structures Approach Location

Site conditions

Determination of:

Selection of appropriate fenders
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INSTALLATION AND MAINTENANCE

Fender systems installation should be considered 
early in the design process. Accessibility for 
maintenance, wear allowances and the protective 
coatings will all affect the full life cost of systems. 
Selecting the correct fenders can improve 
turnaround times and reduce downtime. The safety 
of personnel, structures and vessels must be 
considered at every stage � before, during and after 
commissioning.

APPROACH

Many factors will affect how vessels approach the 
berth, the corresponding kinetic energy and the load 
applied to the structure. Berthing modes may affect 
the choice of ship�s berthing speed and the safety 
factor for abnormal conditions.

STRUCTURES

Fenders impose loads on the berthing structure. 
Many berths are being built in exposed locations, 
where fender systems can play a crucial role in the 
overall cost of construction. Local practice, materials 
and conditions may in�uence the choice of fender 
systems.

SHIPS

Ship design evolves constantly � changes in shapes 
and increasing vessel sizes. Fender systems must 
suit current ships and those expected to arrive in 
the foreseeable future.

The Design Process
Many factors contribute to the design of a fender system:
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DOHA
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Berthing Environment& Energy calculation

We have a dedicated team 
who will provide a tailored 
solution for your project, 
on time and on budget.

As well as a full suite of engineering programs, we 
have expert designers who are experienced in all 
industry relevant CAD programs.
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Environment

Non-tidal basins
With minor changes in water 
level, these locations are usually 
sheltered from strong winds, 
waves and currents. Ship sizes 
may be restricted due to lock 
access.

Coastal berths
Maximum exposure to 
winds, waves and currents. 
Berths generally used by 
single classes of vessel 
such as oil, gas or bulk.

River berths
Largest tidal range (depends on site), 
with greater exposure to winds, waves 
and currents. Approach mode may be 
restricted by dredged channels and 

river bends may complicate berthing 
manoeuvres.

Tidal basins
Larger variations in water level 
(depends on location) but still 
generally sheltered from winds, 
waves and currents. May be used 
by larger vessels than non-tidal 
basins.

HRT

HAT
MHWS
MHWN

MSL

MLWN

MLWS

LAT

LRT

TYPICAL BERTHING LOCATIONS

Berthing structures are located in a variety of places 
from sheltered basins to unprotected, open waters. 
Local conditions will play a large part in deciding the 

TIDES

Tides vary by area and may have extremes of a few 
centimeters (Mediterranean, Baltic) or over 15 
meters (parts of UK and Canada). Tides will 
in�uence the structure�s design and fender 
selection.

HRT Highest Recorded Tide
HAT Highest Astronomical Tide
MHWS Mean High Water Spring
MHWN Mean High Water Neap
MLWN Mean Low Water Neap
MLWS Mean Low Water Spring
LAT Lowest Astronomical Tide
LRT Lowest Recorded Tide

CURRENTS AND WINDS

Current and wind forces can push 
vessels onto or off the berth, and 
may in�uence the berthing speed. 
Once berthed, and provided the 
vessel contacts several fenders, the 
forces are usually less critical. 
However special cases do exist, 
especially on very soft structures. 

As a general guide, the probability of 
deep draught vessels (such as 
tankers) affected by current are 
higher and and likewise for high 
freeboard vessels (such as RoRo and 
container ships) affected by strong 
winds. 

berthing speeds and approach angles, in turn 
affecting the type and size of suitable fenders.
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Ship Features

Bow  
�ares

Common on container vessels and cruise ships. Big �are 
angles may affect fender performance. Larger fender 
may be required to maintain clearance from the quay 
structure, cranes, etc.

Bulbous 
bows

Most modern ships have bulbous bows. Care is needed 
at large berthing angles or with widely spaced fenders to 
ensure the bulbous bow is not caught behind the fender 
or hit structural piles.

Beltings  
& strakes

Almost every class of ship could be �tted with beltings 
or strakes. They are most common on RoRo ships or 
ferries, but may even appear on container ships or gas 
carriers. Tugs and offshore supply boats have very large 
beltings.

Flying 
bridge

Cruise and RoRo ships often have �ying bridges. In locks, 
or when tides are large, care is needed to avoid the 
bridge sitting on top of the fender during a falling tide.

Low 
freeboard

Barges, small tankers and general cargo ships can have 
a small freeboard. Fenders should be extended down to 
prevent being caught underneath during low tides when 
fully laden.

Stern & 
side doors

RoRo ships, car carriers and some navy vessels have 
large doors for vehicle access. These are often recessed 
and can snag fenders � especially in locks or when 
warping along the berth.

High 
freeboard

Ships with high freeboard include ferries, cruise and 
container ships, as well as many lightly loaded vessels. 
Strong winds can cause sudden, large increases in 
berthing speeds.

Low hull 
pressure

Many modern ships, but especially tankers and gas 
carriers, require very low hull contact pressures, which 
are achieved using large fender panels or �oating 
fenders.

Aluminium 
hulls

High speed catamarans and monohulls are often built 
from aluminium. They can only accept loads from 
fenders at special positions: usually reinforced beltings 
set very low or many meters above the waterline.

Special 
features

Many ships are modi�ed during their lifetime with little 
regard to the effect these changes may have on berthing 
or fenders. Protrusions can snag fenders but risks are 
reduced by large bevels and chamfers on the frontal 
panels.
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Ship De�nitions

The ship tables show laden draft (DL) of vessels. The draft of a partly 
loaded ship (D) can be estimated using the formula below:

Many different de�nitions are used to describe 
ship sizes and classes. Some of the more common 
descriptions are given below. New ship data (for 

VESSEL TYPE LENGTH × BEAM × DRAFT DWT COMMENTS

Small feeder 200m × 23m × 9m � 1st Generation container
<1,000 teu

Feeder 215m × 30m × 10m � 2nd Generation container 
1,000�2,500 teu

Panamax1 290m × 32.3m × 12m � 3rd Generation container
2,500�5,000 teu

Post-Panamax 305m × >32.3m × 13m � 4th Generation container 
5,000�8,000 teu

Super post-Panamax (VLCS) 5th Generation container 
>8,000 teu

Suezmax2 500m × 70m × 21.3m � All vessel types in Suez Canal

Seaway-Max3 233.5m × 24.0m × 9.1m � All vessel types in St Lawrence Seaway

Handysize � 10,000�40,000 dwt Bulk carrier

Cape Size � 130,000�200,000 dwt Bulk carrier

Very large bulk carrier (VLBC) � >200,000 dwt Bulk carrier

Very large crude carrier (VLCC) � 200,000�300,000 dwt Oil tanker

Ultra large crude carrier (ULCC) � >300,000 dwt Oil tanker

1. PANAMA CANAL 2. SUEZ CANAL 3. ST LAWRENCE SEAWAY
Lock chambers are 427m long and 55m wide. 
The deepest canal is 15.2m. The canal is 
about 86km long and passage takes eight 
hours.

The canal, connecting the Mediterranean and 
Red Sea, is about 163km long and varies 
from 80�135m wide. It has no lock chambers 
but most of the canal has a single traf�c lane 
with passing bays.

The seaway system allows ships to pass from 
the Atlantic Ocean to the Great Lakes via six 
short canals totalling 110km, with 19 locks, 
each 233m long, 24.4m wide and 9.1m deep.

PIANC�s report from working group 121 �Harbor 
approach channels design guidelines� was released 
in 2014. This report contains very usefull tables 
with design information on vessels. These data 
can be considered as the latest available design 
information, replacing PIANC 2002 at this point. 
The tables in the Trelleborg Marine Systems design 
manual are taken from PIANC report WG121 table 

Note: Dimensions based on the new panama 
locks that will be opened in 2016. Current 
dimensions are 305 m long, 33.5 m wide, 
largest depth is 12.5 � 13.7 m. 

example Triple E-Class) will be published when 
available.

C-1 and these originate from the Spanish ROM 3.1. 
Additional information on vessels sizes can be found 
in PIANC report W121 table C-2 and C-3, PIANC 
2002 and EAU 2004 and the Spanish ROM 2.0-11.

Newer generation ships will continue to come in 
line, please ask Trelleborg Marine Systems for 
supplementary tables or latest and largest types.

USING SHIP TABLES
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Ship Tables

TYPE DWT
(t)

DISPLACEMENT
(t)

LOA

(m)
Lpp

(m)
B

(m)

LADEN 
DRAFT

(m)

CB

(-)

MIN. LATERAL
WINDAGE:

FULLY LOADED
(m2)

MAX. LATERAL
WINDAGE:

IN BALLAST
(m2)

APPROX.
CAPACITY

(m3)

Tankers 
(ULCC)

500,000 590,000 415.0 392.0 73.0 24.0 0.84 6,400 11,000 �

400,000 475,000 380.0 358.0 68.0 23.0 0.83 5,700 9,700 �

350,000 420,000 365.0 345.0 65.5 22.0 0.82 5,400 9,200 �

Tankers 
(VLCC)

300,000 365,000 350.0 330.0 63.0 21.0 0.82 5,100 8,600 �

275,000 335,000 340.0 321.0 61.0 20.5 0.81 4,900 8,200 �

250,000 305,000 330.0 312.0 59.0 19.9 0.81 4,600 7,700 �

225,000 277,000 320.0 303.0 57.0 19.3 0.81 4,300 7,300 �

200,000 246,000 310.0 294.0 55.0 18.5 0.80 4,000 6,800 �

Tankers

175,000 217,000 300.0 285.0 52.5 17.7 0.80 3,750 6,200 �

150,000 186,000 285.0 270.0 49.5 16.9 0.80 3,400 5,700 �

125,000 156,000 270.0 255.0 46.5 16.0 0.80 3,100 5,100 �

100,000 125,000 250.0 236.0 43.0 15.1 0.80 2,750 4,500 �

80,000 102,000 235.0 223.0 40.0 14.0 0.80 2,450 4,000 �

70,000 90,000 225.0 213.0 38.0 13.5 0.80 2,250 3,700 �

60,000 78,000 217.0 206.0 36.0 13.0 0.79 2,150 3,500 �

Product 
and 
Chemical 
Tankers

50,000 66,000 210.0 200.0 32.2 12.6 0.79 1,900 0.5 �

40,000 54,000 200.0 190.0 30.0 11.8 0.78 1,650 0.5 �

30,000 42,000 188.0 178.0 28.0 10.8 0.76 1,400 0.5 �

20,000 29,000 174.0 165.0 24.5 9.8 0.71 1,100 0.5 �

10,000 15,000 145.0 137.0 19.0 7.8 0.72 760 0.5 �

5,000 8,000 110.0 104.0 15.0 7.0 0.71 500 0.5 �

3,000 4,900 90.0 85.0 13.0 6.0 0.72 400 0.5 �

Bulk 
Carriers /
OBO·s

400,000 464,000 375.0 356.0 62.5 24.0 0.85 4,500 8,700 �

350,000 406,000 362.0 344.0 59.0 23.0 0.85 4,400 8,500 �

300,000 350,000 350.0 333.0 56.0 21.8 0.84 4,250 8,200 �

250,000 292,000 335.0 318.0 52.5 20.5 0.83 4,000 7,700 �

200,000 236,000 315.0 300.0 48.5 19.0 0.83 3,600 6,900 �

150,000 179,000 290.0 276.0 44.0 17.5 0.82 3,250 5,900 �

125,000 150,000 275.0 262.0 41.5 16.5 0.82 3,000 5,400 �

100,000 121,000 255.0 242.0 39.0 15.3 0.82 2,700 4,800 �

80,000 98,000 240.0 228.0 36.5 14.0 0.82 2,450 4,200 �

60,000 74,000 220.0 210.0 33.5 12.8 0.80 2,050 3,500 �

40,000 50,000 195.0 185.0 29.0 11.5 0.79 1,700 2,800 �

20,000 26,000 160.0 152.0 23.5 9.3 0.76 1,400 2,300 �

10,000 13,000 130.0 124.0 18.0 7.5 0.76 1,200 1,800 �

LNG 
Carriers 
(Prismatic)

125,000 175,000 345.0 333.0 55.0 12.0 0.78 8,400 9,300 267,000

97,000 141,000 315.0 303.0 50.0 12.0 0.76 7,000 7,700 218,000

90,000 120,000 298.0 285.0 46.0 11.8 0.76 6,200 6,800 177,000

80,000 100,000 280.0 268.8 43.4 11.4 0.73 6,000 6,500 140,000

52,000 58,000 247.3 231.0 34.8 9.5 0.74 4,150 4,600 75,000

27,000 40,000 207.8 196.0 29.3 9.2 0.74 2,900 3,300 40,000

Note: Dimensions given in tables may vary up to –10% depending on construction and country of origin (this note comes from the origin document 
WG121)
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TYPE DWT
(t)

DISPLACEMENT
(t)

LOA

(m)
Lpp

(m)
B

(m)

LADEN 
DRAFT

(m)

CB

(-)

MIN. LATERAL
WINDAGE:

FULLY LOADED
(m2)

MAX. LATERAL
WINDAGE:

IN BALLAST
(m2)

APPROX.
CAPACITY

(m3)

LNG 
Carriers 
(Spheres, 
Moss)

75,000 117,000 288.0 274.0 49.0 11.5 0.74 8,300 8,800 145,000

58,000 99,000 274.0 262.0 42.0 11.3 0.78 7,550 8,000 125,000

51,000 71,000 249.5 237.0 40.0 10.6 0.69 5,650 6,000 90,000

LPG 
Carriers

60,000 95,000 265.0 245.0 42.2 13.5 0.66 5,600 6,200 �

50,000 80,000 248.0 238.0 39.0 12.9 0.65 5,250 5,800 �

40,000 65,000 240.0 230.0 35.2 12.3 0.64 4,600 5,100 �

30,000 49,000 226.0 216.0 32.4 11.2 0.61 4,150 4,600 �

20,000 33,000 207.0 197.0 26.8 10.6 0.58 3,500 3,900 �

10,000 17,000 160.0 152.0 21.1 9.3 0.56 2,150 2,500 �

5,000 8,800 134.0 126.0 16.0 8.1 0.53 1,500 1,700 �

3,000 5,500 116.0 110.0 13.3 7.0 0.52 1,050 1,200 �

TYPE DWT
(t)

DISPLACEMENT
(t)

LOA

(m)
Lpp

(m)
B

(m)

LADEN 
DRAFT

(m)

CB

(-)

MIN. LATERAL
WINDAGE:

FULLY LOADED
(m2)

MAX. LATERAL
WINDAGE:

IN BALLAST
(m2)

APPROX.
CAPACITY:
TEU / CEU

Container 
Ships 
(Post-
Panamax)

TEU

245,000 340,000 470.0 446.0 60.0 18.0 0.69 11,000 12,500 22,000

200,000 260,000 400.0 385.0 59.0 16.5 0.68 10,700 12,000 18,000

195,000 250,000 418.0 395.0 56.4 16.0 0.68 10,100 11,300 14,500

165,000 215,000 398.0 376.0 56.4 15.0 0.66 9,500 10,500 12,200

125,000 174,000 370.0 351.0 45.8 15.0 0.70 8,700 9,500 10,000

120,000 158,000 352.0 335.0 45.6 14.8 0.68 8,000 8,700 9,000

110,000 145,000 340.0 323.0 43.2 14.5 0.70 7,200 7,800 8,000

100,000 140,000 326.0 310.0 42.8 14.5 0.71 6,900 7,500 7,500

90,000 126,000 313.0 298.0 42.8 14.5 0.66 6,500 7,000 7,000

80,000 112,000 300.0 284.0 40.3 14.5 0.66 6,100 6,500 6,500

70,000 100,000 280.0 266.0 41.8 13.8 0.64 5,800 6,100 6,000

65,000 92,000 274.0 260.0 41.2 13.5 0.62 5,500 5,800 5,600

60,000 84,000 268.0 255.0 39.8 13.2 0.61 5,400 5,700 5,200

55,000 76,500 261.0 248.0 38.3 12.8 0.61 5,200 5,500 4,800

Container 
Ships 
(Panamax)

TEU

60,000 83,000 290.0 275.0 32.2 13.2 0.69 5,300 5,500 5,000

55,000 75,500 278.0 264.0 32.2 12.8 0.68 4,900 5,100 4,500

50,000 68,000 267.0 253.0 32.2 12.5 0.65 4,500 4,700 4,000

45,000 61,000 255.0 242.0 32.2 12.2 0.63 4,150 4,300 3,500

40,000 54,000 237.0 225.0 32.2 11.7 0.62 3,750 3,900 3,000

35,000 47,500 222.0 211.0 32.2 11.1 0.61 3,550 3,700 2,600

30,000 40,500 210.0 200.0 30.0 10.7 0.62 3,350 3,500 2,200

25,000 33,500 195.0 185.0 28.5 10.1 0.61 2,900 3,000 1,800

20,000 27,000 174.0 165.0 26.2 9.2 0.66 2,400 2,500 1,500

15,000 20,000 152.0 144.0 23.7 8.5 0.67 2,000 2,100 1,100

10,000 13,500 130.0 124.0 21.2 7.3 0.69 1,800 1,900 750

Ship Tables

Note: Dimensions given in tables may vary up to –10% depending on construction and country of origin (this note comes from the origin document 
WG121)
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Ship Tables

TYPE DWT
(t)

DISPLACEMENT
(t)

LOA

(m)
Lpp

(m)
B

(m)

LADEN 
DRAFT

(m)

CB

(-)

MIN. LATERAL
WINDAGE:

FULLY LOADED
(m2)

MAX. LATERAL
WINDAGE:

IN BALLAST
(m2)

APPROX.
CAPACITY:
TEU / CEU

Freight 
RoRo 
Ships

CEU

50,000 87,500 287.0 273.0 32.2 12.4 0.78 7,500 7,800 5,000

45,000 81,500 275.0 261.0 32.2 12.0 0.79 6,850 7,100 4,500

40,000 72,000 260.0 247.0 32.2 11.4 0.77 6,200 6,400 4,000

35,000 63,000 245.0 233.0 32.2 10.8 0.76 5,600 5,800 3,500

30,000 54,000 231.0 219.0 32.0 10.2 0.74 5,100 5,300 3,000

25,000 45,000 216.0 205.0 31.0 9.6 0.72 4,600 4,800 2,500

20,000 36,000 197.0 187.0 28.6 9.1 0.72 4,250 4,400 2,000

15,000 27,500 177.0 168.0 26.2 8.4 0.73 3,750 3,900 1,500

10,000 18,400 153.0 145.0 23.4 7.4 0.71 3,100 3,200 1,000

5,000 9,500 121.0 115.0 19.3 6.0 0.70 2,200 2,300 600

Cargo 
Vessels

40,000 54,500 209.0 199.0 30.0 12.5 0.71 3,250 4,500 �

35,000 48,000 199.0 189.0 28.9 12.0 0.71 3,000 4,100 �

30,000 41,000 188.0 179.0 27.7 11.3 0.71 2,700 3,700 �

25,000 34,500 178.0 169.0 26.4 10.7 0.71 2,360 3,200 �

20,000 28,000 166.0 158.0 24.8 10.0 0.70 2,100 2,800 �

15,000 21,500 152.0 145.0 22.6 9.2 0.70 1,770 2,400 �

10,000 14,500 133.0 127.0 19.8 8.0 0.70 1,380 1,800 �

5,000 7,500 105.0 100.0 15.8 6.4 0.72 900 1,200 �

2,500 4,000 85.0 80.0 13.0 5.0 0.75 620 800 �

Car 
Carriers

CEU

70,000 52,000 228.0 210.0 32.2 11.3 0.66 5,700 6,900 8,000

65,000 48,000 220.0 205.0 32.2 11.0 0.64 5,400 6,500 7,000

57,000 42,000 205.0 189.0 32.2 10.9 0.62 4,850 5,800 6,000

45,000 35,500 198.0 182.0 32.2 10.0 0.59 4,300 5,100 5,000

36,000 28,500 190.0 175.0 32.2 9.0 0.55 3,850 4,600 4,000

27,000 22,000 175.0 167.0 28.0 8.4 0.55 3,400 4,000 3,000

18,000 13,500 150.0 143.0 22.7 7.4 0.55 2,600 3,000 2,000

13,000 8,000 130.0 124.0 18.8 6.2 0.54 2,000 2,200 1,000

8,000 4,300 100.0 95.0 17.0 4.9 0.53 1,300 1,400 700

Ferries

50,000 82,500 309.0 291.0 41.6 10.3 0.65 6,150 6,500 �

40,000 66,800 281.0 264.0 39.0 9.8 0.65 5,200 5,500 �

30,000 50,300 253.0 237.0 36.4 8.8 0.65 4,300 4,500 �

20,000 33,800 219.0 204.0 32.8 7.8 0.63 3,300 3,500 �

15,000 25,000 197.0 183.0 30.6 7.1 0.61 2,650 2,800 �

12,500 21,000 187.0 174.0 28.7 6.7 0.61 2,450 2,600 �

11,500 19,000 182.0 169.0 27.6 6.5 0.61 2,350 2,500 �

10,200 17,000 175.0 163.0 26.5 6.3 0.61 2,200 2,300 �

9,000 15,000 170.0 158.0 25.3 6.1 0.60 2,100 2,200 �

8,000 13,000 164.0 152.0 24.1 5.9 0.59 1,900 2,000 �

7,000 12,000 161.0 149.0 23.5 5.8 0.58 1,800 1,900 �

6,500 10,500 155.0 144.0 22.7 5.6 0.56 1,700 1,800 �

5,000 8,600 133.0 124.0 21.6 5.4 0.58 1,420 1,500 �

3,000 5,300 110.0 102.0 19.0 4.7 0.57 950 1,000 �

2,000 3,500 95.0 87.0 17.1 4.1 0.56 760 800 �

1,000 1,800 74.0 68.0 14.6 3.3 0.54 570 600 �

Note: Dimensions given in tables may vary up to –10% depending on construction and country of origin (this note comes from the origin document 
WG121)
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TYPE DWT
(t)

DISPLACEMENT
(t)

LOA

(m)
Lpp

(m)
B

(m)

LADEN 
DRAFT

(m)

CB

(-)

MIN. LATERAL
WINDAGE:

FULLY LOADED
(m2)

MAX. LATERAL
WINDAGE:

IN BALLAST
(m2)

APPROX.
CAPACITY:
TEU / CEU

Fast 
Ferries 
(multihull)

9,000 3,200 127.0 117.0 30.5 4.3 0.43 1,850 2,000 �

6,000 2,100 107.0 93.0 26.5 3.7 0.43 1,550 1,650 �

5,000 1,700 97.0 83.0 24.7 3.4 0.43 1,250 1,250 �

4,000 1,400 92.0 79.0 24.0 3.2 0.42 1,120 1,200 �

2,000 700 85.0 77.0 21.2 3.1 0.39 1,070 1,150 �

1,000 350 65.0 62.0 16.7 2.1 0.37 820 900 �

500 175 46.0 41.0 13.8 1.8 0.35 460 500 �

250 95 42.0 37.0 11.6 1.6 0.35 420 450 �

Ship Tables

Note: Dimensions given in tables may vary up to –10% depending on construction and country of origin (this note comes from the origin document 
WG121)

TYPE DWT
(t)

DISPLACEMENT
(t)

LOA

(m)
Lpp

(m)
B

(m)

LADEN 
DRAFT

(m)

CB

(-)

MIN. LATERAL
WINDAGE:

FULLY LOADED
(m2)

MAX. LATERAL
WINDAGE:

IN BALLAST
(m2)

APPROX.
CAPACITY:

PASSENGERS

Cruise 
Liners 
(Post 
Panamax)

220,000 115,000 360.0 333.0 55.0 9.2 0.67 15,700 16,000 5,400 / 7,500
160,000 84,000 339.0 313.6 43.7 9.0 0.66 13,800 14,100 3,700 / 5,000
135,000 71,000 333.0 308.0 37.9 8.8 0.67 13,100 13,400 3,200 / 4,500
115,000 61,000 313.4 290.0 36.0 8.6 0.66 11,950 12,200 3,000 / 4,200
105,000 56,000 294.0 272.0 35.0 8.5 0.67 10,800 11,000 2,700 / 3,500
95,000 51,000 295.0 273.0 33.0 8.3 0.67 10,400 10,600 2,400 / 3,000
80,000 44,000 272.0 231.0 35.0 8.0 0.66 8,800 9,000 2,000 / 2,800

Cruise 
Liners 
(Panamax)

90,000 48,000 294.0 272.0 32.2 8.0 0.67 10,400 10,600 2,000 / 2,800
80,000 43,000 280.0 248.7 32.2 7.9 0.66 9,100 9,300 1,800 / 2,500
70,000 38,000 265.0 225.0 32.2 7.8 0.66 8,500 8,700 1,700 / 2,400
60,000 34,000 252.0 214.0 32.2 7.6 0.63 7,250 7,400 1,600 / 2,200
60,000 34,000 251.2 232.4 28.8 7.6 0.65 7,850 8,000 1,600 / 2,200
50,000 29,000 234.0 199.0 32.2 7.1 0.62 6,450 6,600 1,400 / 1,800
50,000 29,000 232.0 212.0 28.0 7.4 0.64 6,850 7,000 1,400 / 1,800
40,000 24,000 212.0 180.0 32.2 6.5 0.62 5,600 5,700 1,200 / 1,600
40,000 24,000 210.0 192.8 27.1 7.0 0.64 5,900 6,000 1,200 / 1,600
35,000 21,000 192.0 164.0 32.0 6.3 0.62 4,800 4,900 1,000 / 1,400
35,000 21,000 205.0 188.0 26.3 6.8 0.61 5,500 5,600 1,000 / 1,400
30,000 18,200 190.0 175.0 25.0 6.7 0.61 4,600 4,700 850 / 1,200
25,000 16,200 180.0 165.0 24.0 6.6 0.60 3,920 4,000 700 / 1,000
20,000 14,000 169.0 155.0 22.5 6.5 0.60 3,430 3,500 600 / 800
15,000 11,500 152.0 140.0 21.0 6.4 0.60 2,940 3,000 350 / 500
10,000 8,000 134.0 123.0 18.5 5.8 0.59 2,350 2,400 280 / 400
5,000 5,000 100.0 90.0 16.5 5.6 0.59 1,570 1,600 200 / 300

Ocean-
going 
Fishing 
Vessels

7,500 9,100 128.0 120.0 17.1 6.8 0.64 810 840 �
5,000 6,200 106.0 100.0 16.1 6.2 0.61 650 670 �
3,000 4,200 90.0 85.0 14.0 5.9 0.58 550 570 �
2,500 3,500 85.0 81.0 13.0 5.6 0.58 500 520 �
2,000 2,700 80.0 76.0 12.0 5.3 0.54 470 490 �
1,500 2,200 76.0 72.0 11.3 5.1 0.52 430 450 �
1,200 1,900 72.0 68.0 11.0 5.0 0.50 400 420 �
1,000 1,600 70.0 66.0 10.5 4.8 0.47 380 400 �

700 1,250 65.0 62.0 10.0 4.5 0.44 345 360 �
500 800 55.0 53.0 8.6 4.0 0.43 290 300 �
250 400 40.0 38.0 7.0 3.5 0.42 190 200 �
150 300 32.0 28.0 7.5 3.4 0.41 135 140 �
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Ship Tables

TYPE DWT
(t)

DISPLACEMENT
(t)

LOA

(m)
Lpp

(m)
B

(m)

LADEN 
DRAFT

(m)

CB

(-)

MIN. LATERAL
WINDAGE:

FULLY LOADED
(m2)

MAX. LATERAL
WINDAGE:

IN BALLAST
(m2)

APPROX.
CAPACITY:

(m3)

Coastal 
Fishing 
Vessels

100 200 27.0 23.0 7.0 3.1 0.39 � � �

75 165 25.0 22.0 6.6 2.8 0.40 � � �

50 115 21.0 17.0 6.2 2.7 0.39 � � �

25 65 15.0 12.0 5.5 2.6 0.37 � � �

15 40 11.0 9.2 5.0 2.3 0.37 � � �

Motor 
Yachts

- 9,500 160.0 135.0 21.8 5.5 - - - �

- 7,000 140.0 120.0 23.5 5.0 - - - �

- 4,500 120.0 102.0 18.5 4.9 - - - �

- 3,500 100.0 85.0 16.5 4.8 - - - �

- 1,600 70.0 60.0 13.5 3.8 - - - �

- 1,100 60.0 51.0 12.0 3.6 - - - �

- 700 50.0 43.0 9.0 3.5 - - - �

- 500 45.0 39.0 8.5 3.3 - - - �

- 250 40.0 24.0 8.0 3.0 - - - �

- 150 30.0 25.0 7.5 2.9 - - - �

- 50 20.0 17.0 5.5 2.7 - - - �

Motor 
Boats

- 35.0 21.0 - 5.0 3.0 - - - -

- 27.0 18.0 - 4.4 2.7 - - - -

- 16.5 15.0 - 4.0 2.3 - - - -

- 6.5 12.0 - 3.4 1.8 - - - -

- 4.5 9.0 - 2.7 1.5 - - - -

- 1.3 6.0 - 2.1 1.0 - - - -

Sailing 
Yachts

- 1,500 90.0 67.5 13.5 6.5 - - - �

- 1,000 70.0 51.5 11.5 6.0 - - - �

- 650 60.0 42.0 11.2 5.5 - - - �

- 550 50.0 37.5 9.5 5.0 - - - �

- 190 40.0 35.0 9.3 4.5 - - - �

- 125 30.0 28.0 7.2 3.6 - - - �

- 40 20.0 17.5 5.5 3.0 - - - �

- 13 15.0 11.2 4.5 2.5 - - - �

Sailing 
Boats

- 10 12.0 11.0 3.8 2.3 - - - -

- 5 10.0 9.5 3.5 2.1 - - - -

- 1.5 6.0 5.7 2.4 1.5 - - - -

- 1.0 5.0 4.3 2.0 1.0 - - - -

- 0.8 2.5 2.3 1.5 0.5 - - - -

Note: Dimensions given in tables may vary up to –10% depending on construction and country of origin (this note comes from the origin document 
WG121)





22

Approach

Side berthing

Dolphin berthing

End berthing

Lock entrances

Ship-to-ship berthing

Typical values
 0° �)  �) 15°
100 mm/s �) V �) 300 mm/s
60° �)  �) 90°

Typical values
 0° �)  �) 10°
100 mm/s �) V �) 200 mm/s
30° �)  �) 90°

Typical values
 0° �)  �) 15°
150 mm/s �) V �) 500 mm/s
0° �)  �) 15°

Typical values
 0° �)  �) 30°
300 mm/s �) V �) 2000 mm/s
0° �)  �) 30°

Typical values
 0° �)  �) 15°
150 mm/s �) V �) 500 mm/s
60° �)  �) 90°

VB

a

R

VB = Vsin  

V
R
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Block Coef�cient (CB) 
Typical block coef�cients (CB)

where, 
MD  =  displacement of vessel (t) 
LBP  =  length between perpendiculars (m) 
B  =  beam of vessel (m) 
D  =  draft of vessel (m) 

SW  = seawater density �5 1.025 t/m3

Given ship dimensions and using typical block 
coef�cients, the displacement can be estimated:

MD �5 CB × LBP × B × D × SW

where, 
D  = draft of vessel (m) 
B  = beam of vessel (m) 
LBP = length between perpendiculars (m) 
KC  = under keel clearance (m)

CM = 1.1 
Recommended by PIANC

Added Mass Coef�cient (CM)
The Added Mass Coef�cient (CM) allows for the body 
of water carried along with the ship as it moves 
sideways through the water. As the ship is stopped 
by the fender, the entrained water continues to push 
against the ship, effectively increasing its overall 
mass. The Vasco Costa method is adopted by most 
design codes for ship-to-shore berthing where water 
depths are not substantially greater than vessel 
drafts.

The Block Coef�cient (CB) is a function of the hull 
shape and is expressed as follows:

Special case � longitudinal approach

Container vessels 0.6�0.8
General cargo and bulk carriers 0.72�0.85
Tankers 0.85
Ferries 0.55�0.65
RoRo vessels 0.7�0.8

PIANC (2002) SHIGERA UEDA 
(1981)

VASCO COSTA* 
(1964)

*valid where VB �* 0.08m/s, KC �* 0.1D
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Eccentricity Coef�cient (CE)

VL = longitudinal velocity component (forward or astern)

In cases where the ship has a signi�cant forward motion, it 
is suggested by PIANC that the ship�s speed parallel to the 
berthing face (Vcos�_) is not decreased by berthing impacts and 
it is the transverse velocity component VB (Vsin�_) which must 
be resisted by the fenders. When calculating the Eccentricity 
Coef�cient, the velocity vector angle (�q) is taken between VB 
and R.

where, 
B  = beam of vessel (m) 
CB  = block coef�cient 
LBP  = length between perpendiculars (m) 
R  = center of mass to point of impact (m) 
K  = radius of gyration (m)

Ships will rarely berth exactly centrally against the berthing 
dolphins. The dolphin pairs are usually placed at 0.25 � 0.4 
times the overall length(LOA) of the design vessel. When 
calculating R and , a dimension (a) of 0.1 LOA, but not greater 
than 15 m, from the center of the platform (un)loading system 
may be assumed. Larger offsets will increase the Eccentricity 
Coef�cient. In extreme cases where VB is coaxial with the fender, 
CE = 1.

The Eccentricity Coef�cient (CE) allows for the energy 
dissipated by rotation of the ship about its point of 
impact with the fenders. The correct point of impact, 
berthing angle and velocity vector angle are all 

important for accurate calculation of the eccentricity 
coef�cient. In practice, CE often varies between 0.3 
and 1.0 for different berthing cases. Velocity (V) is 
not always perpendicular to the berthing line.

LOCK ENTRANCES AND GUIDING 
FENDERS

DOLPHIN BERTHS

(assuming the center of mass is at 
mid-length of the ship)

COMMON BERTHING CASES

LOA

VBVB
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Eccentricity Coef�cient (CE)
SPECIAL CASES FOR FERRY AND RO-RO BERTHS
Ferry and Ro-Ro vessels commonly use two different berthing modes. BS6349-4:2014 de�nes these as 
mode (a) and mode (b).

Mode (a) Mode (b)

MODE (a)
Fender Characteristic Velocity 

of Vessel
Angle of Approach 
of Vessel (�_)

A Side VB = as per the 
Brolsma table

0°~ �) 15°

B End V = 0.15 m/s 0°

MODE (b)
Fender Characteristic Velocity 

of Vessel
Angle of Approach of 
Vessel (�_)

A Side V = 0.5 m/s to 1.0 m/s * �* 10°

B End V = 0.3 m/s to 0.5 m/s �) 15°

Ferry and Ro-Ro vessels make a parallel approach 
to a row of breasting dolphins or quay and after 
coming to rest then moving slowly longitudinally to 
bert end or against a shore ramp structure.

Ferry and Ro-Ro vessels make a direct longitudinal 
approach to berth end-on against or close to a 
shore ramp structure but using side breasting 
dolphins or a quay as a guide.

CM = 1.1 for Side Fenders

* VB = Vsin�

VB

VB

V

V V
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Fender Selection &
Fender Systems Design

POLAND

Designing an ef�cient 
fender system involves 
selecting the right 
materials. 

This will result in a safe, low maintenance and long 
lasting fender system, increasing port ef�ciency and 
providing longer life cycle cost.
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KEY WEST, UNITED STATES
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Correction Factors 

Temperature Factor (TF) Table

TEMPERATURE 
(°C)

BLEND OF NATURAL AND 
SYNTHETIC RUBBER 

(CATALOGUE COMPOUND)
100% NATURAL RUBBER 100% SYNTHETIC RUBBER 

(SBR)

TF TF TF
+50 0.916 0.914 0.918
+40 0.947 0.946 0.948
+30 0.978 0.978 0.979
+23 1.000 1.000 1.000
+10 1.030 1.025 1.038
+0 1.075 1.053 1.108
-10 1.130 1.080 1.206
-20 1.249 1.142 1.410
-30 1.540 1.315 1.877

Velocity Factor (VF) Table

COMPRESSION 
TIME (Seconds)

BLEND OF NATURAL AND 
SYNTHETIC RUBBER 

(CATALOGUE COMPOUND)
100% NATURAL RUBBER 100% SYNTHETIC RUBBER 

(SBR)

VF VF VF
1 1.20 1.14 1.31
2 1.16 1.10 1.25
3 1.14 1.09 1.22
4 1.13 1.07 1.20
5 1.11 1.06 1.19
6 1.10 1.06 1.17
7 1.09 1.05 1.16
8 1.09 1.04 1.15
9 1.08 1.04 1.14
10 1.07 1.03 1.14
11 1.07 1.03 1.13
12 1.06 1.02 1.12
13 1.06 1.02 1.12
14 1.05 1.02 1.11
15 1.05 1.01 1.11
16 1.05 1.01 1.10
17 1.04 1.01 1.10
18 1.04 1.01 1.09
19 1.04 1.00 1.09
20 1.03 1.00 1.08

Compression time (inverse of strain rate) needs to be calculated using the following formula: t = d/(�*Vd)

Where:
t = compression time (seconds)
d = rated de�ection (mm)
Vd = initial berthing velocity (mm/s)
� = 0.74 deceleration factor (Peak reaction force occurs at between 30% - 40% de�ection, where 

there has been a deceleration due to energy absorption. � represents the factor associated with 
deceleration.)
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Angle Factor (AF) Table

ANGLE (°) ENERGY FACTOR (SUPER 
CONE FENDER)

ENERGY FACTOR (SCK CELL 
FENDER) REACTION FACTOR

0 1.000 1.000 1.000
3 1.039 0.977 1.000
5 1.055 0.951 1.000
8 1.029 0.909 1.000
10 1.000 0.883 1.000
15 0.856 0.810 0.950
20 0.739 0.652 0.800

SUPER CONE FENDER
The graph shows fender performance with no chain restraints up to 12 degrees and chain restraints for 
angles above 12 degrees. Fender is �tted with a standard frontal frame.

UNIT ELEMENTS

The table can be used to estimate fender performance under angular compression (due to bow �are, berthing angle, etc).

Angle (degrees)

Fa
ct

or
s 

Va
lu

e

Energy Factor
Reaction Factor

Energy & Reaction Angle Correction Factors

Angle (degrees)

Fa
ct

or
s 

Va
lu

e

1.1

1.0

0.9

0.8

0.7

0.6

0.5
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Energy & Reaction Angular Correction Factors
1.00

0.95

0.90

0.85

0.80

0.75

0.70

0.65

0.60

0.55

0.50

0.45
0 5 10 15 20 25 30

A/H = 0.7

A/H = 0.8

A/H = 0.9

A/H = 1.0

A/H = 1.2

A/H = 1.4

A/H = 1.6
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Fender

Fender panels are just as 
important as the rubber 
units on high performance 
systems.

Some fender systems need chains to help support 
heavy components or to control the de�ection and 
shear during impact. 

Compatible accessories like shackles, brackets and 
U-anchors of high standards are available with every 
fender systems.






















































































