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ABSTRACT 

This paper describes detailed investigations of the analysis and design of a proposed fender system for condensate 
and sulphuric acid jetty at Senoro, Central Sulawesi. Fender is basically the interface between a vessel and the berth 
facility. This medium serves to absorb a certain portion of the kinetic energy of a vessel without damage to the vessel and 
the waterfront structure [1]. Finite elements analysis was performed on a cell fender system subjected to impact load 
caused by a vessel collision. The impact load was converted into equivalent static load. The selection of the most efficient 
fender system is based on the principle on energy absorption of the system to the impact load and stress analysis deflection. 
Fender system consist of steel structure property for fender panel and styrene butadiene rubber property for fender rubber 
was designed for Condensate and Sulphuric Acid Jetty with maximum tensile strength of 16 MPa.  
 
Keywords: fender, stress, energy, berthing energy. 

 
INTRODUCTION 

The berthing of ship to the jetty is the last stage 
of navigation process in marine shipping. During the ships 
berthing the impact in berth can occur and in result the 
appearing of energy in ship - fender device - berth system. 
The exceeding of admissible value of this energy leads to 
damage of one of these elements and in effect causes the 
accident. The accident can happen as unwanted event with 
negative consequences such as a damage of ship and port 
structure. The fenders are devices to protect the port 
structures and vessel from damage by absorbing the 
kinetic energy of vessel while vessel berthing to the jetty 
or quay. For this study, the performances of fender system 
are analyzed using finite element analysis model. The 
finite elements analysis is used to analyze the performance 
of a cell fender system when subjected to the impact load 
caused by vessel collision. The selection of the most 
efficient fender system is based on the principle on energy 
absorption of the system to the impact load, stress and 
deflection analysis. 
 
METHODOLOGY  

The proposed fender system was designed for 
condensate and sulphuric acid berth jetty at Senoro Block 
Project. The main focus of our investigation is to select a 
fender system for resisting an impact load such as berthing 

energy. The fender system will be selected based on 
strength, energy absorption, deflection and stress analyses. 
The maximum impact force caused by a ship when 
striking the dock when berthing is based upon certain 
assumption as the ship’s operation with respect to the 
angle and speed which it approaches the dock. The 
analysis of the fender system presented in this study 
follows a customary assumption that the ship is full loaded 
vessel (critical case calculation) and approaches at an 
angle of 10o to the face of the dock, as shown in Figure 1. 
Critical case calculation is defined as when highest 
astronomical tide (HAT) water level combined with ballast 
vessel and lowest astronomical tide (LAT) water level 
combined with Full Loaded Vessel [2]. As shown in 
Figure-1, it is typical to assume that the bow of the ship 
will strike the fender, and only approximately one-half the 
tonnage will be effective in creating energy of impact to 
be absorbed by the fender parts. 

Berthing speeds depend on the ease or difficulty 
of the approach, the exposure of the berth and the vessel’s 
size [3]. The most widely used guide to approach speeds is 
the Brolsma table, adopted by BS [4], PIANC [1] and 
other standards. Approach velocity of the ship will be 0.14 
m/s at an angle 10o. In this study, we used 115.000 DWT 
oil tanker vessels with length of overall 246.5 m and 
breadth 41.5 m. 
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Figure-1. Berthing scenario. 
 

Table-1. Berthing energy calculation parameters. 
 

Displacement M (t) 117 

Berthing Velocity v (m/s) 0.14 

Water Density ρ (t/m3) 1.025 

Virtual Mass Factor Cm 1.79 

Block Coefficient Cb 0.7 

Radius of Gyration K (m) 57.8 

Distance from bow to impact point X (m) 78.5 

Distance from point of contact to 
centre of mass 

R (m) 45.5 

Angle between velocity vector and 
the line between the point of 
contact and the centre of mass 

Φ (°) 52.8 

Eccentricity Coefficient Ce 0.757 

Berth Configuration Coefficient Cc 1.00 

Softness Coefficient Cs 1.00 

Berthing Energy 

Normal Berthing Energy 
Ed 

(kNm) 
1559 

Abnormal Berthing Factor Cab 1.25 

Abnormal Berthing Energy 
Ev 

(kNm) 
1948 

 
ANALYSIS AND RESULTS 

In this section, analysis and design 
recommendation of the fender system will be presented. 
Based on a first order analysis, a cell fender system with 
panel will be investigated based on energy absorption and 
stress deflection analysis. Guideline for design of fender 
system, PIANC was used for the preliminary design of the 
fender system. PIANC gives guidance on type of fenders, 
fender systems and layouts, mooring systems and layouts, 
and recommendations as to their suitability for various 

applications and locations [1]. The selected fender by 
PIANC was used in the finite element analysis to perform 
stress and deformation analysis of the system. A cell 
fender system was selected based on function and energy 
absorption. The cell fender outer diameter and height were 
2 meters with styrene butadiene rubber specifications. The 
fender panel length was 2 meters with structural steel 
ASTM A36 specifications with 0.2 friction coefficient for 
its UHMW-PE facing pad. 
 

Table-2. Material properties structural steel A36. 
 

 Density 
Tensile 

yield 
strength 

Compressive 
yield 

strength 

Tensile 
ultimate 
strength 

Steel 
A36 

7850 
kg/m3 

2.5E+08 
Pa 

2.5E+08 Pa 
4.6E+08 

Pa 
 
 Determination of material parameters from test 
data perhaps the most troublesome step in analyzing 
elastomer, that is how to curve fit test data and derive 
parameters necessary to characterize a material [5]. 
Styrene Butadiene Rubber properties was assumed 
according to the elastomer sample Yeoh 3rd Order such as 
uniaxial test data, biaxial test data, shear test data and 
curve fitting adapted from Djeridi Ould Tensile Test [6] 
with 16 MPa tensile strength. 
 The finite element model of the cell fender 
system is shown in Figure-2. The model consist 3 contact 
regions as presented in Figure-3. Meshing was using 
hexahedral type with element size 0.10 meters and 
minimum edge length 0.50 meters is shown in Figure-4. 
The model will be assumed have fixed support at the back 
of fender rubber and force at fender panel 2694 kN as 
shown in Figure-5. Deflection and stress analysis of the 
system produced the following results: 
 
a) The maximum deformation is 0.23086 meters as 

shown in Figure-6 



                               VOL. 11, NO. 2, JANUARY 2016                                                                                                              ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                 898 

b) The maximum shear stress is 2.1937e6 Pa as shown in 
Figure-7 

c) The maximum equivalent (von - Mises) stress is 
3.9537e6 Pa as shown in Figure-8 

d) Based on the failure theory investigation (Maximum 
Stress/Rankine Theory, Maximum Shear Stress, and 
Equivalent Stress (von - Mises), the structure was not 
reaching plastic deformation phase. 

 
 
 
 
 
 
 
 
 
 

 
 

 
 

Figure-2. Finite element model of fender system.
 

 
 

Figure-3. Contact regions. 
 

 
 

Figure-4. Meshing. 
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Figure-5. External force. 
 

 
 

Figure-6. Total deformation. 
 

 
 

Figure-7. Maximum shear stress. 
 

 
 

Figure-8. Equivalent (von – Mises) stress. 
 
CONCLUSIONS 

The design of a fender is a very complicated and 
interesting problem for structural and mechanical 
engineers. The design of fender system must satisfy 
performance, strength, and energy absorption. This paper 
presented the detailed analysis of a proposed fender 
system for PT. Pertamina-Medco E and P using finite 
element analysis. Finite element model provided us with a 
unique capability to determine the potential energy of the 
system in addition to its outstanding deflection and stress 
analysis capabilities. Based on the results concerning, the 
structure of fender system was safe and will not going to 
collapse or failure. The maximum deformation was not 
exceed the compression set (30%) and the structure was 
not reaching plastic deformation based on the stress 
analysis 
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