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Abstract  

           Fender systems are very important 

part in marine and offshore structures. 

They are used to decrease the influence of 

impact forces of vessels during berthing 

or mooring conditions. This paper focuses 

on evaluating the response of a 

cylindrical rubber fender (Length = 5m, 

outer diameter = 0.5 m and inner diameter 

= 0.25m) subjected to impact load that 

comes from a mooring ship with capacity 

330,000 DWT. Three curves are drawn 

representing the mechanical response of 

the cylindrical rubber fender under the 

influence of impact load, the first curve is 

the highest response and represents the 

result of the impact due to the initial 

speed of ship, but the other curves 

represent the reaction of cylindrical 

rubber fender after the initial impact.  
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1. Introduction   

           In order to obtain a good result 

when designing a marine fender system, 

the dynamic interaction between the 

fender and ships is very essential. The 

dynamic analysis is capable to explain the 

absorbed energy by fenders accurately 

and describe the requirements of an 

operational performance. Many analyses 

methods are available, which describe the 

energy of a mooring ship that to be 

reduced and evaluating the reaction force 

for the fender. The energy method is the 

first, commonly and simple approach that 

used. Lee [1] using the energy method to 

estimating the hydrodynamic factors and 

stiffness’s of overall system, the values 

which is used are empirical and ignored 

the damping of the system.  Alternate 

statistical methods consider data obtained 

from model measurements to calculate 

the design value of energy due to mooring 

impact and absorption energy of fenders. 

Sevedsen [2] calculated the design value 

of the absorbed energy by a fender with 

selected amount of risk in the design; the 

disadvantage of this technique is in 

obtaining the statistical data for the 

problem. Kim [3] suggested a simpler and 

approximate method, the idea is 

dependent on the use of time average of 

the kinetic energy of the mooring ship 

during the time interval of fender 

compression; this method is applicable to 

ships in calm water and berthing 

broadside. Van Cortmerssen [4] 

developed a solution for time domain to 

forces and motions; these methods use 

Impulse Response Function Techniques.   
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2. Dynamic Response of the Fender  

The simple model shown in Figure 1 

explains the dynamic of a ship impacting 

a fender. The fender is represented by a 

frictionless mass (Mf) connected to a 

dashpot and spring and the ship is 

represented by a second frictionless mass 

with first velocity Vo.  At first, before 

impact the fender it is in static 

equilibrium. When the impact happened, 

the ship mass and fender mass becomes 

coupled then the spring is compacted by 

the ship mass with slow and stopped at 

maximum displacement. The strain 

energy is kept in the spring and pushed 

the ship return to the stability case where 

it discrete with the fender. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1; the dynamics of a ship impacting a cylindrical rubber fender 

 

 
 

3. Kinetic Energy of Fender  
 

The behaviour of a fender system to 

dynamic forces is based on the stiffness’s 

and damping properties of the fender. The 

fender stiffness can be obtained from the 

test performed by assuming the fender is 

a perfectly elastic, while the damping 

properties of fender are not estimated. 

The design of fender system is mostly 

dependent on the energy considerations. 

The kinetic energy of a ship is absorbed 

by the fender and transformed to the 

structure with equal value of energy. The 

general formulation of kinetic energy can 

be calculated using Equation 1.  
 

   
 

 
      

                                          

 

Where    ship mass,     initial velocity 

of ships,    add mass coefficient,    

eccentricity coefficient, and    structural 

deformation coefficient.  

The absorbed energy of the fender is 

represented by the work performed by the 

fender, this kinetic energy is expressed in 

equation 2, and this equation is not 

dependent of the fender shape and the 

fender properties (Load – deflection 

curve) [5].  
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4. Dynamic Model  

     The calculation of free motion is 

governed by the second low of Newton’s; 

it’s known by the partial differential 
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formulation [6] for a system with single 

degree of freedom, 

 

    ̈    ̇                                    3 

 

Where k, c and m represent the stiffness, 

damping and mass, and,  ,  ̇, and  ̈, are 

the displacement, velocity, and 

acceleration. For multi-degree of freedom 

structure, there is a system of N number 

of natural frequencies and N combined 

differential equation containing N number 

of modes. A multi-degree of freedom 

structure can be expressed in terms of its 

modals coordinate; the formulation of 

dynamic motion is alike procedure to the 

single degree of freedom procedure.  

 

    ̈     ̇                              4 

 

Where,        

 

     ̅ 
     ̅  ,      ̅ 

     ̅  and 

     ̅ 
     ̅                                          5 

 

The amount of modal    ̈     ̇          , in 

Eq. (4) is similar to  ̈ ,  ̇ , and  ,  in the 

one dimension equation of dynamic 

motion. Where   ̅  represents the vector 

that defines the deflected shape of the 

lump mass for any model of oscillation. 

Eq. (4) become: 

 

  ̈         ̇    
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The result of equation (6) is analogous 

form to the result of a single degree of 

freedom system calculated by using 
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Where, 
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The values of       and  ̇     represent 

the primary conditions of the structure. 

Equation (7) is simplified to the 

following; 
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The natural frequency of damped of all 

modes of oscillation (   ) is a function 

of the damping ratio (  ) and the natural 

frequency of undamped (  ) given by 
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The natural frequency of undamped of all 

modes (  ) is calculated by solving the 

typical equation 
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And the identical mode shape ( ̅ ) is 

calculated by using equation (12) 
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Also the value of  ̅   and    is calculated 

together by using the Eigen value 

function in the MATLAB program. 

Multiplying Eq. (9) by the identical mode 

shapes and summarization the behaviour 

of any mode to calculated the time-

displacement varying. 
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Similarly, the applied force to the 

structure during the cylindrical rubber 

fender ( ) is calculated from the spring 

stiffness and displacement at the upper 

most nodes  

 

                                                  14 

 

5. Application  

 

Cylindrical Rubber fender is used in this 

study and the analytical method is used to 

explain the reaction force for the fender. 

The capacity of a tanker ship is 330000 

DWT and the dimensions is length 415 

m, beam 63 m, draft 35 m and the 

approaching velocity V0=15cm/sec. the 

cylindrical rubber fender  with length 5 

m, outer diameter 0.5 m and inside 

diameter 0.25 m, the characteristics of 

fender as shown in the figures 2 and 3. 

An average damping of 19% was 

estimated using the velocity time history 

of the ship. 

 

 

 

 

 

 

 

 

Figure2:- Cylindrical Rubber Fender dimensions and properties [7] 

 

 

 

 

 

 

Figure3:- cylindrical rubber fender properties 

I- Load Deflection Curves, II- Energy Deflection Curves [7] 

 

6. Results  

Figure 3 shows the reaction force as a 

function of time to the cylindrical rubber 

fender, three curve are drawn, the first 

curve represents the first case of impact 

the velocity at maximum value (   = 15 

m/sec) after that the ship is pushed back 

by the fender reaction and return to 

impact fender with velocity      and the 

reaction of fender is less than the first 

case because of the reduction in the 
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energy applied, then the reaction force is 

decrease with time and applied energy. In 

design offshore structure the envelope of 

the reaction force is taken to find the 

response of these structures. 

 

 

 

 

 

 

 

 

 

Figure 4:- Reaction-Time Relation for Cylindrical Rubber fender  

7- Conclusions 

The new developed method was used to 

calculate the reaction force as a function 

of time for cylindrical rubber fender and a 

tanker ship with capacity 330000 DWT 

only. This method is different from the 

classical kinetic energy method; the 

dynamic method assumes the energy 

losses in the system that happens through 

ship impact. This method is in good 

agreement compared with the method 

used by Al-Jasim [8]. 
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