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Abstract 
Seaflex AB is a company mooring everything from buoys to complete marinas. The mooring is done 

with Seaflex unique elastic elements anchored to the seabed. Alternatives to the Seaflex are piling 

and/or the use of chains, these are far more polluting to the environment.  

To be able to berth boats between 15 to 25 meters in length, long fingers are needed. The owner of a 

marina wants to utilize the space as much as possible, making these fingers thin. The structure of the 

finger is then fragile and needs piling on the outer end to not fail. A traditional use of Seaflex or chain 

is not possible due to the draught of the boats. The piling inflicts with the choice of Seaflex for the 

entire marina and is something Seaflex has developed a concept to get rid of. The concept however 

needs further investigation and development. 

The first step in this direction was to calculate and analyze the forces between a boat and a finger. To 

get an easy overview of loads affecting the force on a specific finger length, a program called “Finger 

load” where created. The results from that program where then used to further design the Seaflex 

concept. 

Due to the variety of finger structures and demands possible from different manufacturers an 

additional program called “Finger support design” was constructed. The results from the program are 

design parameters for a finger support intended for a specific finger with demands from a 

manufacturer. 
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1. Introduction 
Seaflex AB develops and distributes elastic mooring systems intended for floating docks and other 

related applications. Everything started back in 1960 when Bertil Brandt invented a highly durable 

compound rubber. He later on witnessed the chaos of berthing boats in a fishing harbor in Cannes. 

Inspired by the problem he started to develop a simple mooring with specially manufactured rubber 

straps. In 1975 the first pontoon was moored with Seaflex. 

Today there are several thousand Seaflex systems in use around the world. 90% of Seaflex sales are 

export. A key factor for this success is Seaflex unique ability to self-regulate and projects with seven 

meters tidal fluctuation have been moored by Seaflex. The system works as well in shallow as deep 

waters and references from 1 to 90 meters is documented. 

Seaflex meets the highest international standards for environmental protection and is meant to 

replaces the alternative of piles or chains for mooring. Unlike these Seaflex moorings do not drag 

along the seabed reducing the marine biodiversity or contaminating the marine ecosystem with 

bioavailable metals. It also produces less noise than a marina moored with piles.  

1.1 Background 
Seaflex AB has over time discovered an area in marinas that can be difficult to solve. The area differs 

from Seaflex traditional products and is more of a structural reinforcement between a walkway and 

finger. 

A marina is built up of walkways and to these so called fingers is perpendicularly attached. These 

perpendicular fingers make the berth for a boat. In many marinas it is required to have a finger 

length of between 15 to 20 meters because of the length of the berthing boats. Fingers of that length 

are today piled on the outer end to handle forces generated by the, at least, 20% longer boat being 

exposed to environmental loads. The piling of fingers inflicts with the choice of Seaflex mooring for 

the entire marina and is therefore the area Seaflex is interested to solve. A traditional seabed 

attachment often means limitations in draughts of boats due to the angles seabed mooring line’s 

need to be applied to be able to stabilize a finger. Another aspect is the downward force a Seaflex 

mooring would generate. Here a “Catch-22” occurs since you need a certain dimension of Seaflex to 

handle the horizontal force, but you then risk the finger being submerged. 

1.2 Problem 
Seaflex has developed a concept, finger support, which liberates the finger from piling or seabed 

attachment. This however needs to be investigated and developed further in order to become a fully 

functional product solving the difficult area identified by Seaflex. The first step in this direction is to 

calculate and analyze the forces between a boat and a finger. The results should be used to design 

and integrate the Seaflex concept with fingers from different companies. 
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2. Theory 
A literature study will be conducted and the results of this documented below. The study will mainly 

regard marine standards available from different countries and focus in documentation of the 

berthing of boats and forces acting on these. 

2.1 Mooring 
The most common way to berth boats in need of fingers above 15m in length is with the stern 

against the walkway, see Figure 1. The mooring is done with ropes, yellow in Figure 1, by the skipper. 

Positioning of bollards on walkways and fingers can force the skipper to moor his boat in a specific 

way, thereby controlling where forces caused by the boat, through the ropes, on the finger. Slack in 

ropes is impossible to control and can give the berthed boat the possibility to rest with its fenders 

against a finger. The length of a finger should be minimum 80 percent of the boat it berths [1]. 

 

Figure 1. Improperly berthed boat to the left alongside properly berthed on the right side. 
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2.2 Loads 
To get a clear picture of how a finger is affected by a berthed boat an identification of possible loads 

needs to be sorted out. The worst case scenarios for each load are of most importance since these 

sets the design parameters for the finger. According to [1] fixed and floating structures should be 

designed to handle; 

 Dead loads 

 Live loads 

 Environmental loads 

 Loads from vessel wash 

 Berthing and mooring loads 

2.2.1 Dead loads 

The dead load is the self-weight of the complete functional finger mounted on a walkway in a 

marina. Here consideration must be taken into the design of the finger, possible areas where water 

can house of natural causes should be considered filled when doing self-weight calculation.  

2.2.2 Live load 

Live loads come from people as well as things brought on to the finger. The finger should according 

to [1] be designed to handle either; 

 A uniformly distributed load of 3 kPa over the deck plan 

 A concentrated load of 4.5kN 

The one of the above loads producing the worst scenario should be used. 

2.2.3 Environmental loads 

The environmental loads affecting a finger are wind, current and wave.  

2.2.3.1 Wind 

In case of a leeward boats, most likely in marinas, according to [1] they are exposed to 20% of the 

force produced on the on a windward boat. Another estimation of leeward effect is described in [2]. 

Here the first leeward boat is exposed to 50% of the windward force and the rest of the leeward 

boats 30%. 

The magnitude of a wind pressure is calculated by; 

        
    

Where,  , is the wind design speed, which for permanent berths is the service/ultimate wind speed. 

With the wind pressure    known the force is;   

                        
 . 

Both    and area exposed to wind,  , can be found as tabulated approximated values in AS3962-

2001 [1]. 
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2.2.3.2 Current 

In marinas the velocity of the current is unlikely to exceed 3m/s and a minimum design velocity of 

1m/s should be used [1]. The currents are often due to tide. Smaller marinas could however be 

located in example in a river with periodically greater currents. In this case mooring in a river is not 

likely due to the location of a marina possible to berth boats in need of 15-20m fingers. A shielding 

effect like the “leeward effect” from wind loads should be considered. Neither [1], [2] nor [3] 

describes this for boats, only mentions its existence and complexity.  

The load due to current is; 

         
      

   

 
. 

           

                           

                     

                    

A is the area of the structure/boat subjected to the current. If the currents contain debris the 

structures gather up this and form so called debris mats. The true area of a structure subjected to the 

current then changes and a greater load is obtained. Here [1] recommends to design the structure to 

at least two times the draft of the pontoons. 
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2.2.3.3 Wave 

In [1] it is recommended to dimension for a horizontal wave force of at least 2kN/m for all elements 

in a marina, if no specific analyzes has been made. In the dimensioning of Seaflex systems a formula 

is used which comes from generalizations of Mauro’s formula of wave drift force [4]. 

      
    (    )

   

 
  

           

           

                          

                               

           

The reflection coefficient can be calculated from the transmission coefficient, T, which is 

approximated for a wave attenuator with Figure 2 and Figure 3 [5]. 

  √      

 

 

Figure 2. Schematic diagram of dimensions for a floating breakwater, these are used in following Figure 3 to obtain a 
transmission coefficient.   
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Figure 3. Transmission coefficient diagram for freely floating (F.F.) and fixed breakwaters. 

In Figure 3 sigma, σ, is the frequency of the waves hitting the attenuator. CT corresponds to the 

transmission coefficient, T, needed for the calculations of R. 
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2.2.4 Collision loads 

A finger is sometimes exposed to collisions from boats navigating through a marina. For a boat 

berthing the impact force the walkway should withstand is equal to the energy of the boat striking 

the structure at a velocity of no less than 0.9 m/s for boats of minimum 18m in length [3]. The angle 

of which the boat could strike a finger is 10 degrees measured from the centerline of the finger [3], 

[2]. From the mass and the velocity of the boat a momentum can be calculated; 

      

        

          .  

To convert this momentum into a force an approximation of the time, dt, it takes for the finger to 

stop the boat needs to be done. The weight can be calculated following an approximation depending 

on boat length from [3]; 

     (         )          . 

Then the force of collision can be calculated; 

           
  

  
 
  

  
 
((   (         )          )    )

  
. 
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3. Method 
With the theory gathered an external search is conducted to see if solutions to the problem already 

exist. Loads affecting the finger are identified and investigated to resemble the reality. 

3.1 Related technology 
A search was done on the internet for existing finger solutions available on the market today. The 

focus in this search lies with the improvement of structural strength but will also look at the overall 

product. However companies, of understandable reasons, found to be quite cautious with this type 

of information. Many of the solutions found where very similar to each other but a selection of the 

most interesting and unique companies will be mentioned below. 
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Marinetek 

Marinetek is the biggest marina supply manufacturer in Europe with headquarters in Helsinki, 

Finland. The company operates all around the world supplying everything you need to build a big 

marina. A wide range of fingers are offered, like their second biggest heavy duty finger shown in 

Figure 4.  

 

Figure 4. Marinetek Heavy Duty Finger 
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A short summary of the available fingers is given below on the form; 

 Product 

 Boat size 

 Material 

 Mooring. 

 

 Super yacht fingers 

 11 – 20m boats 

 Concrete 

 Piles (most common) 

 Seaflex mooring (Special design) 

 

 Heavy duty fingers 

 15 – 17m boats 

 Steel 

 No mooring specified 

 

 Concrete fingers 

 11 – 15m boats 

 Concrete with steel corner walks 

 No mooring required. 

 

 Mooring fingers 

 7,5 – 15m boats 

 Steel 

 No mooring required 

 Boat booms 

 6,5 – 8m boats 

 Steel 

 No mooring required 
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Technomarine 

Technomarine is a leading manufacturing company specialized in the building and design of custom 

marina systems and has its headquarters in Quebec, Canada. They have limited information on their 

website but states to be able to moor everything from small boats to big yachts. Specialized in the 

design and engineering of aluminum docks, proven to resist hurricanes of category three. Below in 

Figure 5 is their 500-series finger. 

 

Figure 5. Techno marine finger 
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EB – Docking Solutions 

This is a company from Scotland. Both their finger solutions the EB30 and EB90 has wheel fenders at 

the end and also solar powered LED lighting to help guide the berthing boat in position. EB30 is also 

mounted in a 30 degree angle compared to the standard 90 degree angle, this promotes up to 30% 

more berthed boats on the same footprint. See Figure 6 below. The boat length is limited to 15m for 

the EB90. 

 

Figure 6. EB30 finger solution with LED-lights and 30 degree mounting angle. 
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DualDocker 

DualDocker is not a finger per definition but a solution that solves the same problem. It consists of 

two arms with built in dampers connecting the boat’s stern to the walkway, see Figure 7. The biggest 

advantage is that it has no impact on the underwater world. The boat is also moored with no slack in 

ropes minimizing the kinetic force produced. The removal of fingers promotes the effectiveness of a 

marina in terms of berthed boats on a footprint. 

 

Figure 7. Boat moored with DualDocker arms. 
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3.1.1 Conclusions 

The most important conclusion that can be drawn from this search is that most of the fingers 

available on the market today, excluding the DualDocker, have basically the same construction. Also 

fingers with a length exceeding 12 meters are always moored by piles. An interesting solution was 

the 30 degree mounting of finger to utilize the space in a marina more efficiently for small crafts. The 

DualDocker system is very innovative but does not give the possibility to walk around your boat. 

Problems could occur with connecting the DualDocker arms to the boat in bad weather conditions. 
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3.2 Loads 
With all loads identified these needs to be compiled for a worst case scenario. Formulas for each and 

every force with desired input data as variables are to be constructed. Below in Figure 8 the forces 

acting on a finger is displayed. Here dead and live loads mentioned in 2.2 Loads are not shown. These 

only determine how much of the displayed loads a finger will be subjected to. 

 

Figure 8. Loads affecting the boat and finger. 

In Figure 8 all loads are coming in perpendicular to the finger. In this case they will produce the worst 

scenario for a finger to withstand. While marinas often is located in sheltered waters, current and 

wave forced will be small compared to the force produced by wind. 
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The environmental loads all affect the boats and fingers with a pressure that in total generates three 

forces acting on the finger according to Figure 9. The purple force comes from a badly berthed boat 

lying with its fenders against the finger. The red force from a boat berthed correctly and finally an 

orange force which comes from the finger itself. All calculations will be based on this scenario which 

generates the biggest force for a finger to withstand. The exact same scenario as described above 

would occur for a double berth configuration. An additional scenario of collision will also be 

investigated, see Figure 10.  

 

Figure 9. Environmental forces acing on finger, “Berthed boats”. 
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Figure 10. Collision 
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Dead and live load together makes the submerged area of a floating structure/object which current 

and wave pressures acts on to generate a force, see Figure 11. The opposite of the submerged area 

makes the area subjected to wind pressure. Both areas pressure acts on is multiplied with a 

coefficient Cd which is based on the geometry of the object. Streamlined objects have a lower 

coefficient than rectangular ones. 

 

Figure 11. Submerged area of a finger. 

3.2.1 Current 

When designing a marina the berthed boats is often placed bow/stern in the same direction as the 

greatest current flow. Of that reason the minimum design current velocity of 1m/s is chosen and 

direction as in Figure 9. The finger is neglected due to its size and the shielding effect from the boat 

hull. The density of seawater is 1026kg/m3 and shielding factor estimated to 0,5, to be on the safe 

side. To get a value for the area of the boat exposed to current the draught and length of the boat is 

multiplied and again multiplied by 0,6 as below, 

                        . 
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3.2.2 Wave 

The procedure to achieve the transmission or reflection coefficient described in 2.2.3.3 Wave is not 

applicable on boat hulls due to their different geometry compared to wave attenuators. Big boats 

will however reflect most small waves in a sheltered marina and therefore have a reflection 

coefficient of 1. Wave amplitude in marinas is small and after discussions with Nils Westlund [6] this 

is set to a maximum value of 0,25 meter. Due to this the force will only act on the first boat struck by 

the wave and not the shielded boat and finger. 

3.2.2 Wind 

From tabulated values in [1] motor vessels are chosen with the largest exposed area which will 

generate the biggest force from the wind. The leeward factor is considered 0,2 since the used 

formula in 2.2.3.1 Wind differs a bit from Tobiassons [2] who states the factor to be 0,5. The 

maximum wind speed is after discussions with Nils Westlund [6] set to 45 m/s due to gusts which 

should be considered in the case of interaction between a finger and boat. A marina is bigger and not 

affected by gusts in the same way, therefore 30 m/s is often used executing load calculations. The Cd 

value in the calculations is set to 1,0 which is taken from [1] for beam to wind and also used in 

Seaflex calculations. 

3.2.3 Collision 

A collision can occur while the finger is affected by all the other loads, see Figure 10. A boat is 

considered to not be able to collide with a finger that has boats already berthed on both sides of it. 

This is because fingers berth boats often 20% greater in length than itself, making it hard to collide 

with. To establish a worst case scenario investigation of this type also need to be made to see if it 

exceeds the scenario in Figure 9. A collision speed of 0,9m/s is adopted for boats greater than 18m in 

length. The angle of impact of 10 degrees is considered to be the most common for finger berthing 

collisions according to [2] and [3]. 
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3.2.4 Compilation of loads 

While compiling the loads on the finger the total load on the end of the finger is of importance for 

further mechanics of materials calculations and to get a quick feeling of its magnitude. To achieve 

this value from the above loads of the case in Figure 9 is done according to Figure 12 below. 

 

Figure 12. Total load calculation. 

Here the finger is considered to be fully restrained in the end mounted to the walkway. It is taken 

into account that the load from the properly berthed boat is only half of the load generated from the 

environmental forces on the boat. This is because the boat is moored in its stern to the walkway 

instead of the finger. The middle load is projected to the free end of the finger with the preservation 

of torque equilibrium. 

In the case from Figure 10 the load from collision is recalculated to the force component 

perpendicular to the finger. The load from a properly berthed boat is then added with this load to get 

the total of collision.  
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3.3 Excel program 
In order to make it easier to study different cases of load combinations an excel program called 

Finger load was created. The program compiles all loads from wind, current, wave and collision 

displaying the total force generated on the finger for the active case. The program is possible to use 

and benefit from for Seaflex and their partners while calculating loads on fingers. 

3.3.1 Program description 

On the first sheet of the program the user is asked to input wind velocity, current velocity, wave 

amplitude and impact speed.  There is a choice of boat lengths from a drop down list and graphical 

pictures describing the two critical cases identified in 2.2 Loads of Collision and Berthed boats. With 

these inputs the program calculates which of the cases that is the critical one and displays it and its 

total load. You also get the length of the finger needed to berth the chosen boat length. 

The program first calculates each load individually for the unshielded boat, these are then multiplied 

with the shielding coefficients to obtain the loads from the shielded boat. The individual calculations 

can be seen on the second sheet of the program. Here you also have the “advanced function” to 

change shielding coefficients, angle of impact, reflection coefficient, time for impact and density. 

Other constants can be found tabulated on the third sheet of the program. All these are directly from 

the Australian standard [1]. They change automatically with the inputs of length from the first sheet 

using an “index/match” function. This sheet is also possible to extend with additional boat lengths if 

desired and they do not inflict with the criteria of assumptions taken from the standards. 

The loads from the shielded and unshielded boats are summed up according to, 3.2.4 Compilation of 

loads to obtain the load for the “Berthed boats” case in Figure 9. For the “collision” case the force 

from collision and one unshielded properly berthed boat is added, and then the case with the 

greatest load is displayed on the first sheet determined by an IF-logic. 
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3.3.2 Program calculations 

With the inputs shown in Figure 13 and the coefficients from chosen in 3.2 Loads a calculation will be 

performed below. 

 

Figure 13. Snap shot of inputs and results dialog in Finger load program. 
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3.4. Results and conclusions 
This first part of the project has been a study of loads giving rise to forces on a finger. To easy and 

quickly be able to determine the magnitude of the forces different load combination expose a finger 

to an excel program called Finger load has been created.     

Below in Figure 14 are the results from the finger load program with the input data from 3.2 Loads, 

which are the critical conditions. The finger length is varied and the ones significant for this project 

are between 12 to 24 meters. We can from the active inputs, which are representative for the worst 

occurring marina, conclude that the single biggest force in this case is the environmental loads acting 

on a windward boat. The two cases of total collision and total berthed boats are equally big and both 

need to be considered when dimensioning the finger support. 

 

Figure 14. Load distribution for worst conditions in a marina. 

Looking further at the environmental loads there is wind, current and wave. The distribution of these 

on a windward boat with the same input data as above from 3.2 Loads is shown in Figure 15 below.  
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Figure 15. Distribution of loads on windward boat. 

Wind has the biggest impact of the windward load acting on a finger. The in the business common 

procedure of only taking account to wind load when designing a marina is therefore considered 

accurate. But with the Finger load program it is not more time consuming to account for all loads 

when designing the finger support and that will only add credibility to the results.  
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4. Finger support 
With the loads identified the second step in the project is taken. Here the first information of how 

the present construction of the finger support is given and kept on a need to know basis. If too much 

information is presented directly it increases the risk of not looking at the problem with an open 

mind, exploring all alternatives.  

At the moment the information given about the finger support is that it consists of some kind of 

rubber damper built in to the finger. This damper is then attached to the walkway with a framework. 

Dimensioning of the rubber damper and design of the interface between finger support and 

pontoon/finger will be done in this section. 

4.1 Investigation of forces 
The finger support is meant to decrease forces on the finger with a structural reinforcement and 

damping of the loads acting on it. The only contribution a damper will provide is in the handling of 

pulsating loads, a comparison can be drawn to 2.2.4 Collision loads. The denominator, dt, can with 

the damper be increased thereby decreasing the total force on the finger. The damper then has to be 

integrated with each structure to form the finger support for all different fingers from collaborating 

companies. 

4.1.1 Forces on damper 

The pulsating loads created by current, wind and wave are all hard to calculate according to the 

standards [1], [2] and [3]. The combination of all loads to create a model for dimensioning of a 

damper is not carried out due to this and the timeframes for the project. To solve this problem an 

experiment has to be done. Difficulties occur since a berthed boat at times lies with its fenders 

against the finger, in example in a double berth. A fender acts as a spring between the boat and 

finger, but the type and positioning of fenders on boats is not controllable and the contribution they 

make not possible to estimate. The damper also needs to be dimensioned to release the finger from 

critical forces during a collision. 
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4.1.1.1 Dynamic environmental forces experiment 

From the experiment the forces that a boat, exposed to all loads, produces on a finger should be 

measured over time. Below in Figure 16 a suggestion experimental setup can be viewed. 

 

Figure 16. Experimental setup. 

 A finger length and boat has to be chosen for this experiment. The finger has to be long enough to 

not be able to berth a boat without some kind of reinforcement, for example a pile, on the outer 

end. The boat is the standard 20 percent longer than the finger. Preferably the boat is placed in the 

same way as shown above, with the bow of the boat against the incoming wind load. A scenario 

reassembling true maximum forces in order to dimension the damper will in this way be achieved. It 

is possible to add another boat/finger configuration to be measured at the same time. 
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The forces will be registered by some kind of inline force sensor attached to the ropes berthing the 

boat. At the same time a strain gauge will be mounted directly on the structure of the finger. In this 

way you can compare the results from the sensors and strain gauge, which should be the same. The 

strain gauge can be used if the scenario of “berthed boats” later on wants to be tested and also for 

detection of a collision. In case of concrete fingers mounting of a strain gauge will not be possible, an 

alternative is to mount force sensors in the attachments between finger and pontoon. 

With the earlier constructed Finger load program,3.3 Excel program , forces affecting the finger can 

be calculated if the input data is measured. The needed input data for the program is; current 

velocity, wind velocity and wave amplitude. 

Wind velocity can be measured with a standard wind speed and direction gauge. To measure the 

current velocity and wave amplitude a concept has been developed. Wave amplitude will be 

measured by a buoy with an integrated accelerometer. The buoy is attached to a pile which it follows 

in the up and down movement due to waves. On the same pile a sensor measuring the current speed 

with an impeller is attached. The sensor housing has a little fin always making the sensor align with 

the direction of the current, a sensor detecting this direction is also built in to the housing. When 

placing this device consideration as to be made to not measure reflected waves from structures. In 

Figure 17 the concept can be viewed. 

 

Figure 17. Concept of measuring current and wave. 

The concept above was generated with the cost of the experiment kept in mind. There are other 

ways to obtain the input values of current velocity and wave height. A company from Norway called 

Nortek develops acoustic sensors using the Doppler Effect to get a mapping of water velocities. Their 

Aquadopp current meter, see Appendix A, can measure currents in two or three dimensions as well 

as wave height. The investment cost of an Aquadopp is however big and needs to be evaluated. AADI 
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also provides an alternative to the Norway Aquadopp more similar to the experiment described 

above. Their product is based on a solar powered buoy with even more possibilities because of 

metrological measurements unlike the subsea mounted Aquadopp, see Appendix A. 

With the calculation of forces based on measured input data you can confirm the total force acting 

on the finger and the Finger load program. The measurements also determine which conditions the 

experiment has been exposed to. The possibility exists to straight away mount a damping on one 

configuration, having a second identical without. Then you directly get results if the damping 

contributes in the decrease of total force on a finger. 

To get the calculated forces to be equal to the measured some estimation of coefficients is likely to 

affect the outcome. Cd values for boats hull as well as area exposed to wind is different for every boat 

and depends on a number of parameters. Reflection coefficients have not been found other than for 

wave attenuators.  
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4.1.1.2 Dynamic collision 

To further investigate the scenario of collision a load over time is of interest and will provide more 

exact information of which loads the finger is exposed to. Earlier in 3.2.3 Collision only the 

momentum and approximated time for collision was used to calculate the force. That will only 

provide average force acting over the approximated time.  

Information given by the companies in collaboration with Seaflex regarding fingers is the max 

deflection of a finger at the maximum load. The email with questions providing this information can 

be viewed in Appendix B. With that information a spring rate, or stiffness, can be calculated for each 

finger. The stiffness is assumed to be linear elastic due to the limited information from the 

companies. The collision is now considered to be an object colliding with a spring, see Figure 18. 

 

Figure 18. Simplified collision scenario. 

It is then possible to describe the dynamic behavior of the scenario with the following equation; 

             

The constant of damping, c, does not exist according to Figure 18. Acceleration, a, is also the second 

derivative of the distance, x. We can then write the second order linear differential equation; 

  ̈( )    ( )      

With the solution; 

 ( )      (  )      (  )  

where 

  √
 

 
  

             

      .  

The constants A and B are determined by the initial conditions which for this case are; 
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 ( )     

 ̇( )   . 

With the initial velocity set to a variable the solution becomes; 

 ( )  √
 

 
     

√   

√ 
. 

The scenario of dynamic collision is added to the Finger load program alongside the two existing ones 

and the worst of these three will be displayed with the active inputs. 
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4.1.2 Forces in attachment between finger and pontoon 

The structure of fingers is provided by companies in collaboration with Seaflex. It is then possible, 

with the results from 3.3 Excel program, to calculate the forces upcoming in the attachment points 

between the finger and pontoon. These forces may be of interest when setting the design for the 

interface between finger/pontoon and finger support. 

 

The force F1 is known from the Finger load program and lengths, L1 and L2, provided from the 

collaborating companies. The force F2 is then; 

   
     

  
  

And; 

       .  
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4.2 Design of finger support 
When 4.1 Investigation of forces was completed additional information of Seaflex finger support was 

provided. The procedure of slowly gaining information and the collaboration with companies will 

make the way of developing the finger support quite complex to both follow and document. New 

demands/information from manufacturers and Seaflex can at any time during the process be given. 

Conclusions will be drawn running through this section as information is provided from the 

companies and Seaflex. Below in Figure 19 my interpretation of the newest information regarding 

the finger support design is shown. 

 

Figure 19. New information of finger support design. 

The idea is to reinforce the structure and also allow more deflection of the finger by adding 

additional damping. The possibility exists that the finger support solution could differ depending on 

which manufacturer the finger has. Some fingers already have tubes running through the structure 

suitable for mounting of the support. Preferably would be one finger support with the ability to fit all 

manufacturers’ fingers, keeping the cost down for the product. Deeper knowledge of how the finger 

support and finger behaves is not specified. The behavior will yield how much the damper is 

compressed, thus making it possible to estimate its contribution coping with loads. Below in Figure 

20 is the identified behavior. 
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Figure 20. Behavior of finger with finger support. 

The finger is made of steel/aluminum or concrete with or without deflection depending of the 

properties of the material. The original attachment of the finger to the walkway can be flexible or 

stiff besides the finger support and determined by the manufacturer. In Figure 20 a flexible mounting 

of the finger to the walkway is shown. In order to affect the damper and give it the possibility to 

contribute with dynamic properties a flexible mounting is required.  

The mounting of this damper will add dynamic properties to the total fingers behavior. The new 

dynamic properties need to be reconsidered in earlier executed calculations in 4.1.1.2 Dynamic 

collision. Then a conclusion can be made regarding the contribution of an additional damper. While 

achieving dynamical advantages the total finger support at the same time need to provide structural 

reinforcement. 
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To dimension the damper the movement of it needs to be determined. The procedure to achieve the 

movement is shown in Figure 21 below. 

 

Figure 21. Movement of damper. 

As displayed the blue and red triangles in Figure 21 above are right-angled and therefore has the 

relationship, 

                  

                
 

                  

                            
  

Both the length of finger and distance from edge to dampers are known. To get the movement of the 

damper the movement of finger needs to be chosen. The movement will vary with each finger length 

and cannot inflict with the safety of berthing of boats. The manufacturers of fingers do not want 

their fingers to deflect more than they do today [7].  

The cables running through the finger structure will increase the stiffness a little but not enough to 

be able to give the damper travel to contribute with the demand regarding deflection from 

manufacturers. The manufacturers does not want to redesign there attachments between walkway 

and finger, which in most cases is not flexible or flexible enough. A conclusion can thereby be drawn 

that a damper will not be able to give a contribution. That leads to the damper being excluded from 

the finger support design. 
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The time frames of the project limits the results to focus on a method of calculating the design of a 

finger support. A design for the finger support to a finger from a specific manufacturer should benefit 

from the method. Different solutions of reinforcing a finger with accordance to the patent and 

berthing of boats will be investigated. 

The finger support solution will, due to the demands of deflection, now be to only structurally 

reinforce the finger. Seaflex has already applied patents for the finger support. The patent states that 

the reinforcement of the finger needs to be attached to the opposite side of the walkway the finger 

is attached to [7], see Figure 22. 

 

Figure 22. Patented position of finger support in relation to reinforced finger. 
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The manufacturers provide the max force their fingers can withstand without piling. From the Finger 

load program the max load the finger is exposed to is calculated. The max force is then added to the 

max load, the result shows how much force the new finger support needs to provide the existing 

finger structure, see Figure 23 for clarification. 

 

Figure 23. Reinforcement from finger support. 

Exceeding the max force the finger structure can handle results in failure close to or in the 

attachment between the finger and walkway in the normal direction of the walkway attachment. 
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4.2.1 Method of dimensioning finger support design 

As an example for dimensioning of a finger support the specifications of a 15m finger from Poralu will 

be used. The finger is made of an aluminum frame and can withstand a service load of 30 kN, 

considered as max force, and a ultimate load of 52 kN. Below in Table 1 the max load calculated by 

the Finger load program for the 16m finger is shown. The reason to the value being calculated for a 

16m finger instead of 15m is the standard tables used by the program provided from marine 

standards [1], [2] and [3]. The critical case of Berthed boats in Table 1 is projected with the 

conservation of torque to 15m, the new max load then is 64kN.   

Table 1. Finger load program calculated max load on 15m Poralu finger. 

 

If max load and max force is added the finger support force of 34 kN is obtained. That excess force 

causes the failure of the finger structure. 

There are three different possibilities to reinforce a finger within the frames of the patent. Which 

one to choose depends on the properties and possibilities of the finger the support is designed for. 

Below in Figure 24 the three possible alternatives are shown. The placement of the cable mount in 1 

and 2 can be varied depending on what the manufacturer allows in terms of area the finger support 

steals from the berth.  
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Figure 24. Possibilities of cable mounting. 
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To investigate forces in attachment points a free body diagram of the finger is produced, see Figure 

25. 

 

Figure 25. Free body diagram of finger. 

The forces R1 and R2 are the attachment points between the finger and walkway. F is a load on the 

outer edge of the finger and Fc the forces from the three cable alternatives, with its components as 

black arrows. It is now possible to calculate the max value R2 with the max force, Fmax. These values 

are of interest for further design of the finger support with that area being the most critical for many 

fingers, 

                   
      

 
 
        

   
              . 

If the R2,max force is not exceeded there will be no failure in the attachment between walkway and 

finger. As a bonus the structure will be reinforced in the area between walkway attachment and 

cable mount on the finger. For some finger structures that may be as important as supporting the 

attachment. 

The next step in designing a finger support is to calculate the needed force in the cables, Fc , to 

prevent the force in the attachment R2 to exceed Rmax. The force in R1 is not of importance to keep 

below Rmax since it is a compressing force that the finger structures can handle according to the 

manufacturers [7]. In order for Seaflex to easy calculate the cable force depending on demands from 

the manufacturers and the type of cable mount possible to integrate with the finger a program is 

created. The three alternative cases in Figure 24 are calculated alongside each other so they easily 

can be compared with visual aids describing the input variables. Results from the old finger load 

program will be put to use in the new program.  
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Program calculations 

The calculations for alternative 1 and 2 in Figure 24 follows the same procedure with only an 

expression for the angle the cable makes to the finger differing. Below The manual calculations and 

variables to achieve the Fc1, Fc2 and Fc3 forces will be shown. 

                                                  

                                                   

                 

                   

                                                

                                                                

Fc1 and Fc2  

Force in R2 calculated with torque equilibrium, 

                      ,  

   
                 

 
. 

R2 also has the force component from Fc working to minimize it which needs to be considered. They 

together cannot exceed the Rmax value, 

               , 

With the above expression for R2, 

                 

 
             . 

Where the dimensioning expression for Rmax from earlier is, 

     
      

 
.  
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The total expression for balanced cable force not exceeding Rmax then becomes, 

 
                 

 
         

      

 
. 

Solving this for Fc gives 

   
 (          )

             
. 

 

Where α depends on the geometry of alternative 1 or 2. 

         
   

 
              

 

 
 , 

     
 (          )

     (      
   
 )       (      

   
 )

 

     
 (          )

     (      
 
 
)       (      

 
 
)
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Fc3  

 An additional variable is introduced to be able to calculate the Fc3 force, 

                                                                              . 

Torque equilibrium gives, 

                (   ). 

Where R2 is equal to the Rmax expression above, 

        
      

 
      (   )  

     
 (          )

   
 

We can now calculate all the cable forces for the three different cases depending on input variables 

according to demands from manufacturers. Seaflex intentions are to only provide the cable having 

the manufacturers designing the mounts on the finger and walkway according to Finger support 

design calculated forces.  The only unknown parameter in the finger supports design is now the 

length of the cable. Only an additional variable needs to be introduced to obtain this, 

               . 

With the earlier α expression and adding, the cable length can be calculated for all three alternatives. 

       
   

    
 

 

and 
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Now both the force a cable needs to handle and the length of it is known. The cable Seaflex intends 

to use is a custom one made by Applied fibers, today providing Seaflex with its bypass on the Seaflex 

product [8]. Regarding the length of the cable it should have a socket threaded on its outside on one 

end. The socket would give the cable the advantage of easy mounting and possibility of tensioning. 

Positioning of this threaded socket with an offset to the cable length should offer the complete finger 

support the possibility of the length differing in reality, see Figure 26. The offset also promotes 

installation of the cable since it is allowed some slack. 

 

Figure 26. Positioning of threaded socket on cable. 

  

  

 

Calculated cable length 

 

 

Threaded socker length 

Offset 
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4.3 Summary, results and conclusions 
A dynamic investigation of the force environmental loads generates through a boat on a finger is 

something not found in the whole marine industry. The way to find this is through an experiment but 

the equipment needed to obtain valid results is expensive and needs consideration before 

investment. Difficulties still occurs though conducting a dynamic investigation of environmental 

forces. The design of a finger structure has to withstand the event of a collision alongside the 

environmental forces which complicates the process, having many parameters to consider. A way of 

solving this problem today is to pile the fingers on the outer end. 

Trying to come up with a solution working somewhat around the better understanding of forces and 

getting rid of a pile, Seaflex had the intention to develop a finger support. Early in the process a 

damper was discarded from Seaflex concept due to the demands from manufacturers regarding 

deflection and willing to redesign their fingers. The concept now consists of a cable made of fibers 

with specially glued mountings at the ends. The cable is custom made to handle almost any load and 

comes on a pre-ordered length, not possible to change afterwards. The same cables are today 

mounted in the Seaflex product with many known advantages for a subsea environment compared 

to chains, and so on. For the purpose of Seaflex to be able to design a cable, a program caller finger 

support design has been constructed. The program calculates the forces and length present in three 

alternative cable mountings, all living up to the patent Seaflex at the moment has applied for. One of 

these three alternatives will most certainly fit any type of finger a manufacturer would have. Seaflex 

will only provide the cable with, from the program, calculated specifications. The task of construction 

of mountings on finger and walkway will be given to the manufacturer along with the forces 

calculated to occur in the cable. 
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5. Discussion 
The results from the Finger load program are considered to be valid. While insecurities in description 

of forces are found, estimations are always taken to be on the safe side of these.  

The biggest approximation in the finger load program regards the calculation of the submerged area 

exposed to current pressure. For the current load a shielding factor is very hard to obtain and in 

references not approximated, only mentioned. The dynamics of waves in marinas is extremely hard 

to resemble. Numerous types of waves occur in a sheltered marina, every one of them having their 

own dynamics. However the impact of both wave and pressure acting on finger forces are small 

compared to others and especially wind. The estimation of a max wave amplitude of 0,25 meter in 

Mauro’s formula is well on the safe side for waves likely to occur in a marina. In general while 

dimensioning structures in a sheltered marina only the force generated by wind is taken into 

account.  

Moving on to the creation of a dynamic scenario of loads acting on a finger, difficulties was 

encountered. The biggest unresolved problem is the compilation of dynamic environmental loads 

and how that load affects a finger. Different boats and fender combinations yields their own unique 

dynamics on a finger, hard to resemble in calculation models. No experiments has in the business of 

boats berthed in between fingers been conducted to see the forces upcoming under different 

conditions. Such an experiment could however be considered to be too big of an investment 

compared to the results. Designing after a static environmental load may be quite close to what you 

could benefit from a dynamic one, which is the opinion I think the companies has today. 

A dynamic model has been created for the scenario of a collision. The model itself is valid but 

collaboration with companies regarding the stiffness their fingers have was not successful. The 

stiffness for the complete finger structure was unknown by all companies but from one company a 

linear one was provided, during the time for the project. The linear stiffness is not ideal but will give a 

better result of the force from collision than the first calculation using momentum and an 

approximation of the time for a collision. Water will also provide the dynamics of a damper which 

have not been taken into consideration. 

Poralu has a strange stiffness for their fingers, 1,2m movement for a 15m finger at a load of 30kN. 

This has probably been measured with rubber mountings to the walkway disturbing my dynamic 

calculations. However this is not affecting the design of the finger support with wind as the leading 

factor making the case of berthed boats being critical. Poralu also states to berth boats 35% longer 

than fingers, 20% is advised in references.  

Uncertainties exists regarding the contribution the cables the gives the structure in terms of 

strengthening the area in between walkway attachments and cable mount. The reason for this is the 

limited information provided by the manufacturers regarding the design of finger structures. The 

placement of the finger support on each finger and the design of the cable mounts on the finger are 

also unknown at the moment and are determined by the companies. 

Problems with the collaborating companies have been a big and time consuming concern during the 

project. Right from the beginning of the project an email was sent out with the questionnaire in 

Appendix B. From the first response none of the four companies managed to give answers to the two 

questions. 
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Future work would be a dynamic calculation of the forces from collision with a nonlinear stiffness as 

well as experiment of the environmental forces. Information from manufacturers regarding the 

nonlinearity with the structures will be needed in order to perform this work. 

  



50 
 

6. References 
[1] AS-3962-2001, Australian Standard, Guidelines for design of marinas, ISBN 0 7337 4133. 

[2] B.O. Tobiasson and R.C. Kollmeyer, MARINAS and Small Craft Harbors (2nd edition), Westviking 

Press, ISBN 0-9675437-0-3, Medfield, 2000. 

[3] American Society of Civil Engineers, PLANNING AND DESIGN GUIDELINES FOR Small Craft Harbors, 

American Society of civil engineers, ISBN 978-0-7844-1198-8, Virginia, 2012.   

[4] Seaflex, Design Guide (v1.2), Stöcksjö, 2005 

[5] Mohammad Hosein Tadayon, Khosro Bargi, Hesam Sharifian, S. Reza Hoseini,  

INTERNATIONAL JOURNAL OF CIVIL AND STRUCTURAL ENGINEERING, Volume 1, No 3, 2010, Effect of 

geometric dimensions on the transmission coefficient of floating breakwaters.  

[6] Nils Westlund, MSc in Physics, Design engineer, Seaflex, 2013. 

[7] Lars Brandt, CEO, Seaflex, 2013. 

[8] http://www.applied-fiber.com/product/offshore-mooring 

  

http://www.applied-fiber.com/product/offshore-mooring


51 
 

 



I 
 

 

 

 

 

 

 

 

Appendix A 
Aquadopp current meter & AADI Data Buoy 4700 
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Appendix B 
Questionnaire to collaborating companies 
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Finger support  

 
 
 
Currently we have a student from Luleå University of Technology doing his master 
thesis at Seaflex. Up until now he has identified loads on fingers generated by boats. 
The idea is that he now continues his work by looking at the finger support Seaflex is 
developing. In order to accomplish this we need some data regarding properties of your 
finger. 
 
First we would like to get the max load and deflection of finger lengths in need of piling 
or other mooring at the end, see Figure 1 and Table 1.  
 
 

 
Figure 1. Definition of data. 

 
Table 1. Finger properties 

Finger length (m) 12      

Max load (kN) 10      

Deflection at max load (mm) 175      

    
 
 
 
Secondly, simple drawings of these finger lengths at least containing the information 
below in Figure 2. 
 

 
Figure 2. Drawing information. 

 
 
 
 
Thank you! 

 


