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Abstract 
When constructing a marina, one must consider many factors for calculating the mooring forces 

transferred to the mooring system of the docks. The forces transferred from waves is of course one of 

the most important. The wave induced forces may be described in different orders, the first-order 

wave forces from the frequency domain and the second-order wave forces determined from a wave 

field of different standing waves acting together. All floating objects are subjected to these wave 

forces, but for different mooring systems the transferred mooring force may vary. To describe the need 

for different calculations depending on the mooring system, a comparison to a spring system is made 

for both a Seaflex hawser and a guided pile system, which illustrates a significant difference in 

transferred mooring load. This is due to the hysteresis giving a low spring constant to the Seaflex 

hawser, which in turn transfers very little of the frequency induced first-order forces to the mooring 

system. This gives the conclusion that different methods for scaling the Seaflex mooring system is 

needed, since the first-order wave forces are not as significant than for a semi-rigid mooring system.  
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2 INTRODUCTION 

2.1 SEAFLEX MOORING SYSTEM 
When constructing a marina with floating docks, there are different types of mooring systems to 

consider. Some marinas use piles fixed to the seabed that the floating dock can elevate up and down 

along but is stuck in the horizontal movement. There is also the catenary mooring system with chains 

tensioned so that the catenary will keep the dock at place. This type of mooring system lets the dock 

float more freely on the surface and adjust according to the incident environmental loads, i.e. wave 

force. The Seaflex mooring system is a more advanced mooring system for a freely floating pontoon, 

such as the catenary type mooring. Seaflex AB produce and provide mooring systems for floating 

marina structures, such as pontoons, breakwaters or buoys. The system consists of Seaflex units and 

rope connecting the floating dock to the dead weight anchor, see figure (2-1). 

 

Figure 2-1: Showing typical setup for a pontoon with the Seaflex mooring system. 

The Seaflex unit is composed of one or several Seaflex hawsers, which is a type of rubber with cord 

flexing when subjected to elongation. The main characteristic for rubber, is the hysteresis between 

load and un load curve. In figure (2-2) an illustrative graph of this hysteresis is shown. This hysteresis, 

for example, gives Seaflex the ability to absorb some of the incident wave forces. In figure (2-2) the 

area between the curves corresponds to the dissipated energy. Also since there is not many systems 

like the Seaflex mooring system it is hard to resemble the system to any other. Nevertheless, the 

system is a dynamic system with free floating pontoons, making it very different from the rigid or semi-

rigid mooring systems many other marinas use. 
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Figure 2-2: An illustrative plot for the hysteresis of rubber and the difference in load and unload curve.  

2.2 WAVE BUILDING 
A wave can be explained as a disturbance on the surface of a body of water or other fluid. When you 

throw a rock in the lake on a still morning, the mirror surface of the lake gets disturbed and waves 

propagates from the impact. When the water surface gets disturbed in the vertical direction above a 

still water line, gravity will work on the water particles and try to return the water mass to the still 

water line. Now, the moving water surface has inertia such that it passes the equilibrium still water 

line and produce a surface oscillation. Moreover, the oscillation disturbs the adjacent water mass 

causing a forward propagation of the wave. The wave propagates just like any other wave in physics 

and can be approximated by a sinus function. Just as the rock in the lake, the wave on the water surface 

out at sea is generated by some external force like, wind, a moving vessel, the gravitational pull of the 

sun and the moon or sometimes even seismic disturbance of the seabed. When the fisherman talks 

about high or low tide, it is caused by the gravitational force from the moon in orbit. Furthermore, 

these forces give energy to the surface water wave which then travels with the wave until it hits some 

obstacle such as a structure or shoreline, where the energy gets reflected or dissipated. As a wave 

travels across the water surface, the oscillatory water motion is continuous since the water has inertia 

and is affected by the gravitational force of the earth. As the wave propagates, the water particles in 

the wave continuously accelerate and decelerate vertically, which creates a dynamic pressure gradient 

in the water column. When the wave then moves along the surface, energy is also dissipating at the 

air-water boundary and in shallower water at the boundary between the water and the seabed.  

2.3 FIRST AND SECOND ORDER WAVE FORCES 
Stationary objects or submerged floating structures in water surface waves are subjected to large first 
order wave forces and moments. The first order wave forces are the cause of the first order motions 
with wave frequency. These forces are linearly proportional to wave elevation and contain the same 
frequency as the incident waves. The first order wave forces are motions with a wave frequency that 
all floating structures are subjected to. Depending on the floating structure and mooring system the 
first order forces can impact the floating system in different ways. With different mooring types the 
first order forces will have different amount of impact on the system.  
 
Furthermore, free floating structures are also subjected to small second order mean and low frequency 
forces and moments. These forces emerge from what is commonly called irregular wave states. Real 
sea states do not consist only of one wave group but a spectrum of waves with different heights and 
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periods. Irregular wave states imply that the water surface is not a regular sine function but a random 
function of time. The frequencies of the second order wave forces are associated with the frequencies 
of wave groups occurring in irregular sea states. If the first order wave forces are the continuous 
pounding from the waves, the second order low frequency wave forces1, can be seen as the slow 
pushing force acting on the object that will move it in its time.   

2.4 AIMS OF PRESENT WORK 

2.4.1 Purpose and objectives 

The objective of this project is to study how wave forces transfer to and affects the loading of a flexible 

mooring system like Seaflex. Furthermost, to find out if first order wave force is nearly neglectable 

compared to second order wave force for floating structures with Seaflex mooring system. First 

objective is to explain what the wave induced forces are and how the first- and second order wave 

forces can be interpreted. Furthermost to show how second order wave force is affecting loads for 

Seaflex moorings. Second, to show a simplified analytical calculation and comparison between a semi-

rigid mooring system, like piles, to a dynamic flexible system, like Seaflex. The approach is to use a 

simplified method for calculating the wave forces based on vibrations theory. This is strictly a 

comparison between the systems to understand the difference in mooring load force. 

2.4.2 Structure of report 

The report will be structured as follows. Section 3 starts with a somewhat detailed explanation to water 

waves in shallow waters and the velocity potential for waves.  Also discussed, how wave forces transfer 

to and affects a floating barge and with it some theory for the dynamic equation of motion for a 

vibratory system. Thereafter, concluding with a brief determination of the hydrodynamic pressure 

potential and second order drift forces. Further, in section 4, a study is carried out for two different 

mooring systems, guided pile system and Seaflex mooring system, by using vibratory system 

approximation. Also, a deeper understanding of the dynamic equation of motion, and the two 

approaches of frequency domain analysis and time domain analysis from Oortmerssen [1] is explained.  

                                                           
1 sometimes called the second order drift forces when dealing with the horizontal motion 
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3 THEORY 

3.1 WAVE BUILDING 

3.1.1 General 

This part will cover how waves behave and what generates a wave from deep water to coast. Primary 

interest is given to the theory behind shallow water waves, since at shallow water the sea surface 

behaves differently and the wave force from the surface waves is of interest for Seaflex moorings. 

When a wave propagates at sea a certain water particle hit by the wave has a circular motion. When 

the depth becomes approximately half the wave length, the circular motion is disrupted, and the 

surface of the water behaves differently. The theory for wave spectrum will also be discussed, which 

is commonly used when working with short term stationary irregular sea states.  

3.1.2 Shallow water waves 

When working with docks and objects in a harbor it is important to know where the waves that affect 

the objects come from. Waves can be produced from other objects but most steady are waves created 

from wind out at sea. When waves propagate from sea to the shoreline and in to shallow water, their 

height and wavelength are altered by the processes of refraction and shoaling before breaking on the 

shore. The wave elevation and wavelength might be altered but the wave period stays the same. One 

important theory for calculating waves is the small amplitude wave theory. It is important to look at 

the theory of the characteristics for two-dimensional waves. This theory is required to analyze changes 

in the characteristics of a wave as it propagates from the deep sea to the shore. This theory is also a 

start to describe more complex sea states and wave spectra. A simple-to-use theory for small 

amplitude or linear wave calculation is the theory presented by Airy in 1845 [2]. The theory and the 

equations describe most of the kinematic and dynamic properties of surface waves and predicts these 

to work for common circumstances. 

A velocity potential can be calculated for the properties of a wave by using the free surface boundary 

condition together with the bottom boundary condition. This velocity potential is calculated 

analytically by linearizing the equations for the boundary conditions. With the velocity potential for a 

wave, the different properties can be established such as; surface profile, pressure field and particle 

kinematics. The velocity can be calculated analytically with the assumptions presented below. The 

motion of a water particle affected by a wave can be seen in figure (3-1). 

1. The water is assumed to be homogeneous and incompressible, and the surface forces are 

negligible. 

2. The flow of the water is irrotational, thus there is no shear stress (friction) between the 

water and the air at the surface boundary condition or at the bottom boundary condition. 

With this assumption the velocity potential φ must satisfy the Laplace equation for two-

dimensional flow, 
𝜕2φ

∂x2 +
𝜕2φ

∂z2 = 0.  (3-1) 

3. The bottom boundary condition says that there should be no flow perpendicular to the 

seabed, 

(
𝜕φ

𝜕𝑧
)

𝑧 =−𝑑
= 0.  (3-2) 

4. The pressure along the surface of the water is constant, which implies that the aerostatic 

pressure difference between the crest and the trough of the wave is negligible.  
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5. An important assumption is that the wave height is small compared to the wave length 

and water depth. This assumption allows to linearize the free surface boundary conditions 

and apply these at the mean water level, the still water line rather than the water surface.  

In figure (3-1) taken from Basic coastal engineering [2] a wave with its water particle movements is 

shown. 

In the picture one can see the motion of a water particle as it travels along the wave. As the particle is 

affected by the wave from left to right the particle moves in a clockwise circular motion. At any instant 

the horizontal and vertical components of the water particle can be described with u and w.    

With these assumptions the free surface boundary conditions can be established. There is both a 

kinematic surface boundary condition (KSBC) and a dynamic surface boundary condition (DSBC). The 

kinematic boundary condition is a relation between the vertical component to the water particle 

velocity and the water surface,  

𝑤 = (
𝜕𝜂

𝜕𝑡
+ 𝑢

𝜕𝜂

𝜕𝑥
 )

𝑧=𝜂
.  (3-3) 

The dynamic boundary condition is established from the Bernoulli equation for unsteady irrotational 

flow, at the surface where the pressure is zero the DSBC becomes, 

1

2
(𝑢2 + 𝑤2) + 𝑔𝑧 +

𝜕𝜑

𝜕𝑡
= 0 𝑎𝑡 𝑧 = 𝜂. (3-4) 

Then as according to assumption (5) the two free surface boundary conditions should be linearized to 

still water level, which yields; 

𝑤 = (
𝜕𝜂

𝜕𝑡
)

𝑧=0
,   (3-5) 

or 

Figure 3-1: A schematic showing the motion of a water particle in a wave in an x, z coordinate system. Where x is the still 
water line, d is the depth of the water, L is the wave length, H is the amplitude of the wave and C is the mean velocity or 
celerity of the wave.  η is a function of position and time for a particle on the surface of the wave and describes distance 
from still water level. 
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− (
𝜕𝜑

𝜕𝑧
)

𝑧=0
=  (

𝜕𝜂

𝜕𝑡
),  (3-6) 

for the KSBC and, 

𝑔𝜂 +
𝜕𝜑

𝜕𝑡
= 0 𝑎𝑡 𝑧 = 0,  (3-7) 

for the DSBC. Now the velocity potential 𝜑 can be derived to the following common formula, 

𝜑 =
𝑔𝐻

2𝜎

cosh 𝑘(𝑑+𝑧)

cosh 𝑘𝑑
sin(𝑘𝑥 −  𝜎𝑡). (3-8) 

By inserting the velocity potential into (3-7) an equation for the wave surface profile can be 

determined; 

𝜂 =
𝐻

2
cos (𝑘𝑥 − 𝜎𝑡).  (3-9) 

Now when inserting 𝜑 and 𝜂 into the linearized KSBC (3-6) and rearrange, the dispersion equation can 

then be determined,  

𝜎2 = 𝑔𝑘tanh (𝑘𝑑)  (3-10) 

where k is a separation constant and defined as 𝑘 = 2𝜋/𝐿, and 𝜎 = 2𝜋/𝑇 where T is the wave period 

and L is the wave length. Then the effects of shallow water on waves can be described with the 

following formulas; [3] 

 Speed of wave propagation, or celerity is the distance travelled by a crest per unit time: 

𝐶2 =
𝐿2

𝑇2 =
𝑔

𝑘
tanh (𝑘𝑑),  (3-11) 

Wave length: 

𝐿 =
𝑔

2𝜋
𝑇2tanh (

2𝜋𝑑

𝐿
).  (3-12) 

3.1.3 Wave Spectrum and wave elevation 

When analyzing the sea state for different depths it is common to refer to the state of waves in shallow 

water as an irregular state. An irregular sea state can be described with a plot of wave energy as a 

function of the wave frequency. This plot is called a wave spectrum, and there are different types of 

functions of how to calculate the wave spectrum of an irregular sea state. The different functions for 

the wave spectra are depending on the geographical location and parameters of that sea state. In the 

following section a standard formula (3-14) for calculating the wave spectrum for shallow water is 

explained, for a more thorough description and explanation on wave spectra see the book by Goda [4].  

Often when analyzing waves, one must consider the sea state. To understand the behavior of floating 

docks in actual wave conditions some general principles for the sea state is important to understand. 

One parameter would be the significant wave height Hs which is defined as the average height of the 

highest one third of the waves during a wave spectrum. To determine the significant wave height the 

waves in a spectrum are counted and selected in a descending order of wave height from the highest 

wave, until one third of the total number of waves in the spectrum is reached. According to Goda [4] 

the distribution of individual wave heights follows the Rayleigh distribution, which is a common 

distribution in statistics. With this distribution an assumption can be made on the relations between 

wave heights in a spectrum with a certain number of waves, N. Based on the Rayleigh distribution, a 

probability density for the ratio of Hmax/Hs can be calculated and the following parameters determined, 

with 𝐻𝑚𝑎𝑥 estimated to be in the given range according to [4]:  
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𝐻𝑚𝑎𝑥 = 0.706𝐻𝑠√𝑁 = (1,6 ~ 2,0)𝐻𝑠, (3-13) 

𝐻𝑎𝑣𝑔 = 0.63𝐻𝑠.  

It is hard to determine the correct value for the highest wave which causes an inconvenience of 

maritime structures. The value of 𝐻𝑚𝑎𝑥  should then be estimated considering the duration of the 

waves and the number of waves. The prediction generally falls within the range in (3-13), allowing 

𝐻𝑚𝑎𝑥 some tolerance for a range of deviation. The right hand side of (3-13) shows the range for a 

constant times the significant wave height that estimates the highest wave within a spectrum.  

Another important parameter would be the period times for waves in the spectrum. These are usually 

narrower than the wave heights, and lies in the range 0,5 to 2,0. Though when wind waves and swell 

coexist, the period distribution becomes broader and with this the wave period does not show a 

universal distribution law like for the wave heights. Nevertheless, in [4] it is explained that some 

relation has been found for the wave period from empirical data.  

𝑇𝑚𝑎𝑥 = (0,6 ~ 1,3)𝑇𝑠

𝑇𝑠 = (0,9 ~ 1,4)𝑇
𝑇𝑝 ≅ 1,05𝑇𝑠

},  (3-14) 

𝑇𝑚𝑎𝑥 ≅  𝑇𝑠 ≅  1,2𝑇.  (3-15) 

Here Tp is the peak period and is often used as a characteristic parameter for design of a wave 

spectrum. Tp is the inverse of the frequency at the spectral peak in the wave spectrum.  

With these parameters a spectra of fully developed wind waves can be approximated with the 

following standard formula: 

𝑆(𝑓) = 0,257𝐻𝑠
2𝑇𝑠

−4𝑓−5𝑒𝑥𝑝[−1,03(𝑇𝑠𝑓)−4]. (3-16) 

In figure (3-2) an example of a wave spectrum plot is shown with the spectral density on the vertical 

axis and the wave frequency on the horizontal axis. The figure is taken from a book for Ocean 

engineering [5]. 
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Figure 3-2: An example of spectrum of sea waves [5] 

3.2 WAVE FORCE ACTING ON A FLOATING OBJECT 

3.2.1 General 

All vessels or structures in the water are submitted to wave forces from the incoming waves. This force 

is very different depending on if the vessel is moored or if it floats freely. The response of moored 

vessels or structures to waves is highly dependent on wave period and wave length. The largest 

response is obtained when the resonance frequency of the structure coincides with the wave period 

of the incident waves.  

In the following section it is described what type of forces that are acting on a moored dock and what 

coefficients that are of importance in the equation of motion. A dynamic systems with a mass in a 

dynamic force environment, can in physics be described by a system of equations of motion. 

3.2.2 Added mass 

When calculating forces on a floating object that can move in the water, it is of interest to take in to 
consideration the added mass from the fluid. All forces may be described as a mass with an 
acceleration so the force on a floating barge is proportional to its mass. The added mass or 
hydrodynamic mass can be thought of as the fluid mass that goes along with the barge when it is 
accelerated or decelerated in the water. Forces due to added mass will mostly be seen when drag 
forces are minimal, when the body has low instantaneous speed i.e. low speed and small motions when 
the drag force has not fully been established. Added mass is well explained as follows from some 
course material at MIT [6] when formulating the system equation of motion, or can be looked up in 
tables for various two- and three-dimensional cross sections.  
 
For small motions in the water one can see the system as a linear behavior, and a floating barge can 
then be modeled by a system equation of motion with the basic form such as a mass-spring-dashpot 
system,  

𝑚�̈� + 𝑏�̇� + 𝑘𝑥 = 𝑓(𝑡),  (3-17) 
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where m is the system mass, b is the linear damping coefficient, k is the spring coefficient, x is the 

displacement of the mass and f(t) is the force acting on the mass. In figure (3-3) a simple sketch of the 

model is shown. 

 

Figure 3-3: A single degree-of-freedom system with viscous damping, excited in forced vibration by force acting on mass 

Added mass is, as explained, an added mass to the system due to the body accelerating or decelerating 

in the water. Then the added mass force opposes the motion in the equation above, 

𝑚�̈� + 𝑏�̇� + 𝑘𝑥 = 𝑓(𝑡) − 𝑚𝑎�̈�, (3-18) 

where 𝑚𝑎  is the added mass. A simple equation for calculating the added mass for floating dock 

system can be described as follows: 

𝑚𝑎 = 𝜌
𝜋

4
𝐷2,   (3-19) 

where 𝜌 is the mass fluid density of the water and 𝐷 is the draft of the floating dock.  

3.2.3 Vibrations theory and spring mooring system 

Seaflex mooring systems can in a way be explained as a spring system with a mass. Follows are an 

explanation of a spring system and the likeness to the Seaflex mooring hawser.   

A floating barge subjected to stress with a mooring line such as Seaflex can be, as a simplified method, 

likened to the differential equation of motion for a single degree of freedom system with viscous 

damping as shown in figure (3-3). Here the one degree of freedom represents the motion in horizontal 

direction, also called sway. This comparison the mass of the system is the mass of the dock, the 

damping of the vibratory system is equal to the hydrodynamic damping coefficients or added mass as 

explained in the previous section and the spring constant would be the spring of the Seaflex hawser. 

The differential equation of motion with the excitation force then is explained as equation (3-17) with 

the force function as follows [7]: 

 𝑓(𝑡) =  𝐹0sin (𝜔𝑡),  (3-20) 

where F0 is the amplitude of the applied force and 𝜔 is the forcing frequency. In an undamped system 

the solution would have terms representing oscillation at the natural frequency, in a damped system 

such as this, these terms are damped out and only the steady-state solution usually is considered. The 

solution to equation (3-20) may be written on the form: 
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𝑥 = 𝑅𝑠𝑖𝑛(𝜔𝑡 − 𝜃),   (3-21) 

where 𝑅 is called a motion response and expressed as the amplitude of the resulting motion of the 

mass. By substituting this into equation (3-20) yields: 

𝑥

𝐹0/𝑘
=

sin(𝜔𝑡−𝜃)

√(1−(
𝜔

𝜔𝑛
)

2
)

2

+(2𝜁
𝜔

𝜔𝑛
)

2

= 𝑅𝑑sin (𝜔𝑡 − 𝜃) (3-22) 

where 

𝜃 = 𝑡𝑎𝑛−1 (
2𝜁

𝜔

𝜔𝑛

1−(
𝜔

𝜔𝑛
)

2),   (3-23) 

𝑅𝑑 =  
1

√(1−(
𝜔

𝜔𝑛
)

2
)

2

+(2𝜁
𝜔

𝜔𝑛
)

2

 ,   (3-24) 

where 

𝜔𝑛 = √
𝑘

𝑚
 and  

𝜁 =
𝑏

2𝑚𝜔𝑛
 

Here 𝜃 is the phase of the displacement relative to the exciting force, 𝜔𝑛 is the natural frequency of 

the system, 𝜁 is the percent critical damping and 𝑅𝑑 is a dimensionless response factor giving a ratio of 

the amplitude between the vibratory displacement2 to the spring displacement if the force were 

applied statically. At very low force frequencies 𝑅𝑑is approximately equal to 1, so the force seen by 

the structure is equal to the applied force. This would occur at very small frequency ratios when the 

natural period of the system is very short compared to the period of the applied force, this corresponds 

to a condition where the floating barge is held rigidly. When the forcing frequency closes in to the 

natural frequency of the system 𝑅𝑑 rises to a peak which corresponds to a condition of resonance, and 

when 𝜔 is much larger then 𝜔𝑛 the response factor becomes zero. In figure (3-3) one can see a plot of 

the response factor versus the frequency ratio the figure is taken from [5] 

                                                           
2 Vibratory displacement is the sinusodial oscillation of the mass. I.e. displacement in oscillatory motion. 
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Figure 3-4: A plot of the response factor Rd versus the frequency ratio 
𝜔

𝜔𝑛
. One can clearly see the peak of the response factor 

for the case when the force frequency approaches the natural frequency of the system.  

3.3 FIRST AND SECOND ORDER WAVE FORCE THEORY 

3.3.1 General 

The primary wave induced forces on a floating moored structure are oscillatory forces. These forces 

have in general the same frequency as the incident waves. These forces are the first-order forces and 

are proportional to the wave amplitude and frequency. In addition to these oscillatory forces, there 

are also slowly varying drift forces that occur when one is working with irregular wave fields. These are 

the second-order forces and are determined from a non-linear second order term in the pressure field 

associated with the waves. The force transferred from the waves to the mooring system is very 

different depending on the mooring system. The first-order wave forces transfer a much larger force 

to a stiff or semi-rigid mooring system than a flexible freely floating system.   

What follows in this section is a theory of determining the low frequency second order drift forces. The 

theory explained is based on potential theory, and obtained from direct integration of the fluid 

pressures acting on the floating structure body. This will be a simplified explanation of the theory 

presented by J.A Pinkster. [8]  

3.3.2 Hydrodynamic pressure potential 

The first and second order forces will be determined from the velocity potential of the incoming waves. 

The velocity potential is described in section 3.1.2, and for that theory to work the fluid surrounding 

the floating body is assumed to be inviscid, irrotational, homogeneous, and incompressible. 

Furthermore, the velocity potential 𝜑 and all other quantities derivable from the flow of the water3 

                                                           
3 Other derivable quantities from fluid flow includes; velocity or celerity, wave height, hydrodynamic forces, 
pressure and motions of the structure. 
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will be assumed to be able to expand in to power series with respect to a parameter, 𝜀. For example, 

the motion of the floating structure might be expanded in to the following equation. 

𝑋(𝑋1, 𝑋2, 𝑋3) =  𝑋
(0)

+ 𝜀𝑋
(1)

+ 𝜀2𝑋
(2)

,  (3-25) 

where 𝑋 is the position vector relative to a fixed system of co-ordinate axes. The velocity potential can 

also be expanded in a power series. 

𝜑 = 𝜀𝜑(1) + 𝜀2𝜑(2), (3-26) 

In the following determination of the first and second order forces the above affixes will be used to 

determine the different order of the terms. (0) denotes the static value, (1) indicates the first order 

variations and (2) the second order variations. As explained in short above the first order quantities 

are oscillatory quantities with the wave frequency, while the second order quantities are restricted to 

low frequencies lower than the incident wave frequencies. The power series would also have higher 

order 𝜖 , but here higher order parameters are neglected. Moreover, the low frequency motions 

induced by the second order forces are small in comparison to the first order motions, since they are 

of second order. Even though the motions are small in comparison they are of importance since under 

the influence of these forces the structure will carry out a slow drift motion in the direction of the 

waves, which then is restrained by the mooring.  

If the velocity potential is known in a fluid, the pressure in a certain point in that fluid can be 

determined from the Bernoulli equation: 

𝑃 = 𝑝0 − 𝜌𝑔𝑥3 − 𝜌
𝜕𝜑

𝜕𝑡
−

1

2
𝜌|∇𝜑|2 + 𝑐(𝑡), (3-27) 

where 𝑝0  is the atmospheric pressure, 𝑥3  is the vertical depth beneath a point on the mean free 

surface of the water, 𝑡 is time, 𝜌 is the mass density of the fluid, 𝑔 is the gravitational constant and c(t) 

is a function independent of the co-ordinates. In Bernoulli’s equation 𝑝0 and c(t) may be taken equal 

to zero without loss of generality. Now, the forces acting on the floating object can be determined by 

direct integration: 

𝐹 =  − ∬ 𝑃 ∙ 𝑁𝑑𝑆
 

𝑆
,  (3-28) 

where 𝑃  is the fluid pressure surrounding the body, 𝑆  is the total wetted surface of the floating 

structure, 𝑑𝑠 a surface element and 𝑁 is the outward pointing normal vector to the surface element.  

Next, with equation (3-27) the pressure in a certain point of the fluid can be determined. If this point 

is assumed to have the same motion frequency as the wave 𝑋
(1)

 and the same low frequency second 

order motion 𝑋
(2)

, then a power series expansion can be applied about a mean point of the fluid 𝑋
(0)

: 

𝑝 = 𝑝(0) + 𝜀𝑝(1) + 𝜀2𝑝(2),  (3-29) 

the different pressures in equation (3-29) can be determined by extending (3-25) and (3-26) into 

equation (3-27), first equation (3-26) is expanded with (3-25): 

𝜑𝑡 (=
𝛿𝜑

𝛿𝑡
) = 𝜑𝑡(�̅�, 𝑡) = 𝜖𝜑𝑡

(1)(𝑋, 𝑡) + 𝜖2𝜑𝑡
(1)(𝑋, 𝑡), (3-30) 

𝜑𝑡 = 𝜖𝜑𝑡
(1) (𝑋

(0)
+ 𝜖𝑋

(1)
+ 𝜖2𝑋

(´2)
, 𝑡) + 𝜖2𝜑𝑡

(1)(𝑋
(0)

+ 𝜖𝑋
(1)

+ 𝜖2𝑋
(´2)

, 𝑡),  (3-31) 

since all the small parameters 𝜖 of higher order than (2) is neglected equation (3-31) becomes: 
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𝜑𝑡 = 𝜖𝜑𝑡
(1) (𝑋

(0)
) + 𝜖2 (𝑋

(1)
∙ ∇𝜑𝑡

(1)) + 𝜖2𝜑𝑡
(2) (𝑋

(0)
), (3-32) 

now that equation (3-25) and (3-32) has been defined, the pressure can be calculated using Bernoulli’s 

equation and setting the left-hand side to equation (3-29) gives: 

𝑝 = 𝑝(0) + 𝜀𝑝(1) + 𝜀2𝑝(2) =  −𝜌𝑔(𝑥3
(0) + 𝜖𝑥3

(1) + 𝜖2𝑥3
(2)) − 𝜌 (𝜖𝜑𝑡

(1) + 𝜖2 (𝑋
(1)

∙ ∇𝜑𝑡
(1)) +

𝜖2𝜑𝑡
(2)) −

1

2
𝜌𝜖2|∇φ|2      (3-33) 

then the different 𝜖 can be separated and the equations, taken from [8], where the different pressures 

are explained as follows: 

𝑝(0) =  −𝜌𝑔𝑥3
(0)  (3-34) 

𝑝(1) = −𝜌𝑔𝑥3
(1) − 𝜌𝜑𝑡

(1)  (3-35) 

𝑝(2) = −𝜌𝑔𝑥3
(2) − 𝜌𝜑𝑡

(2) − 𝜌 (𝑋
(1)

∙ ∇𝜑𝑡
(1)) −

1

2
𝜌|∇𝜑(1)|

2
  (3-36) 

where 𝑝(0) is the hydrostatic pressure, 𝑝(1) is the first order pressure and 𝑝(2) is the second order 

pressure. The same can be done for calculating the pressure on a point on the floating structure. The 

point is then taken on a mean position of the structure which is within the fluid domain.  

3.3.3 Second order wave force 

Now, the most interesting force is the slow-moving drift force in the horizontal direction of the floating 

structure. By setting up a coordinate system for the floating structure that is always parallel to the 

static coordinate system of the water, we can determine the wave drift forces in that system of axes. 

For simplification the wetted surface 𝑆 on which the integration has its domain, will be split up into 

two parts. 𝑆0  as a constant part up to the static waterline on the floating structure, then 𝑆  as an 

oscillating part between the waterline and the actual water surface. This is shown in a figure (3-5) 

taken from [8].  

 

Figure 3-5: A floating structure with a coordinate system, G, that has axes, M, parallel to a static system, O, for the water. 
Here one can also see the two surface domains 𝑆0 and S. [8] 
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When taking a surface element on the hull of the floating body in the body axes (𝑥1, 𝑥2, 𝑥3), its 

orientation can be described by the outward pointing normal vector 𝑛. In the fixed axes shown in figure 

(3-5), the normal vector of a surface element becomes: 

𝑁 = 𝑁
(0)

+ 𝜀𝑁
(1)

+ 𝜀2𝑁
(2)

,   (3-37) 

where 𝑁
(0)

 is the normal vector 𝑛, 𝑁
(1)

 is a product of 𝑛 and an oscillatory first order angular motion 

vector, 𝑎
(1)

, and 𝑁
(2)

 is a product of 𝑛 and a low frequency second order angular motion vector, 𝑎
(2)

.  

Furthermore, the fluid force exerted on the floating object can be calculated with equation (3-28), with 

𝑆  as the instantaneous wetted surface and 𝑁  as the instantaneous normal vector to the surface 

element 𝑑𝑠.  

𝐹 = − ∬ (𝑝(0) + 𝜀𝑝(1) + 𝜀2𝑝(2) ) (𝑛 + 𝜀𝑁
(1)

+ 𝜀2𝑁
(2)

) 𝑑𝑠
 

𝑆0
− ∬ (𝑝(0) + 𝜀𝑝(1) + 𝜀2𝑝(2) ) (𝑛 +

 

𝑆

𝜀𝑁
(1)

+ 𝜀2𝑁
(2)

) 𝑑𝑠    (3-38) 

𝐹 = 𝐹
(0)

+ 𝜀𝐹
(1)

+ 𝜀2𝐹
(2)

  (3-39) 

With the pressure, 𝑃  from equation (3-33), and the normal vector, 𝑁, both expanded into power 

series. In this theory this final expression is also valid for all six degrees of freedom on a floating 

structure. The different terms in eq. (3-38) is well described in the thesis from Pinkster [8] but, for 

convenience, also written into this report. By calculating equation (3-38) and separating the terms with 

different order in 𝜖, the different ordered forces can be determined with help from the equations for 

pressure in the previous section. When expanding equation (3-38) and setting the left-hand side to 

equation (3-39) again neglecting all terms with 𝜖 of higher order than (2), the new expression becomes: 

𝐹 = 𝐹
(0)

+ 𝜀𝐹
(1)

+ 𝜀2𝐹
(2)

= − ∬ (𝑝(0) ∙ 𝑛 + 𝜀 (𝑝(0) ∙ 𝑁
(1)

+ 𝑝(1) ∙ 𝑛) + 𝜖2 (𝑝(0) ∙ 𝑁
(2)

+ 𝑝(1) ∙
 

𝑆0

𝑁
(1)

+ 𝑝(2) ∙ 𝑛) ) 𝑑𝑠 − ∬ (𝑝(0) ∙ 𝑛 + 𝜀 (𝑝(0) ∙ 𝑁
(1)

+ 𝑝(1) ∙ 𝑛) + 𝜖2 (𝑝(0) ∙ 𝑁
(2)

+ 𝑝(1) ∙ 𝑁
(1)

+ 𝑝(2) ∙
 

𝑆

𝑛) ) 𝑑𝑠     (3-40) 

Then the terms with different 𝜖 can be separated and the forces of different order can be more easily 

explained. The hydrostatic forces 𝐹
(0)

 follows from integration of the hydrostatic pressure 𝑝(0)over 

the mean wetted surface 𝑆0: 

𝐹
(0)

= − ∬ 𝑝(0) ∙ 𝑛 ∙ 𝑑𝑠
 

𝑆0
= 𝜌𝑔 ∬ 𝑥3

(0) ∙ 𝑛 ∙ 𝑑𝑠
 

𝑆0
= (0,0, 𝜌𝑔𝑉) (3-41) 

Then the total first order fluid force 𝐹
(1)

can be determined from the first order pressure in eq. (3-30): 

𝐹
(1)

= − ∬ (𝑝(1) ∙ 𝑛 + 𝑝(0) ∙ 𝑁
(1)

) 𝑑𝑠
 

𝑆0
   (3-42) 

The second order fluid force acting on the floating structure is found by integrating all products of 

pressure and normal vector, that are of second order: 

𝐹
(2)

= − ∬ (𝑝(1) ∙ 𝑁
(1)

+ 𝑝(2) ∙ 𝑛 + 𝑝(0) ∙ 𝑁
(2)

) 𝑑𝑠 − ∬ 𝑝(1) ∙ 𝑛 ∙ 𝑑𝑠
 

𝑆

 

𝑆0
 (3-43) 
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4 EQUATION OF MOTION AND SIMPLE ANALYTICAL METHOD 

When analyzing the forces acting on a floating barge, dock or even breakwater it is of course important 

to know what type of mooring is at work. The most common mooring systems for such applications 

are the guided pile system or the catenary chains. In the guided pile system, the dock is guided by piles 

that are firmly built into the seabed, and can move vertically in the heave direction with the waves 

rolling in. For a catenary type mooring chains are attached in the floating dock and onto the seabed, 

creating a catenary which holds the barge in place. With a Seaflex mooring system the dock also floats 

with the possibility for free motion in all directions as with the catenary type mooring, but with a more 

complex- and environmentally friendly system.  

In the following chapter a study of two different types of equations of motion will briefly be discussed 

and explained. The two different dynamic equations of motion are dependent on a frequency domain 

or a time domain, where one is a simple version of calculating the motion of a floating structure and 

the other a more comprehensive but more accurate way. Furthermore, a simplified calculation of the 

wave force loads on a semi-rigid mooring system versus a dynamic nonlinear mooring system is carried 

out. This is done to show that the force loads are much different for a dynamic nonlinear system, such 

as Seaflex, then a semi-rigid system like a floating dock moored with a guided pile system.  

4.1 DYNAMIC EQUATION OF MOTION 

4.1.1 General 

When analyzing the treatment of moored floating docks, barges or breakwaters there are two general 

approaches used; The frequency domain analysis or the time domain analysis. These methods are both 

used when examining mooring forces and internal stress. In the following section it is described when 

it is most appropriate to use each method. Here an explanation of the two approaches will be 

concluded with consideration to a text from [5].  

4.1.2 Frequency domain analysis 

When calculating the dynamic motion of floating objects, one usually explain the waves as a linear or 

a non-linear system. In frequency domain analysis the system of the moored dock is a linear system 

characterized by a mass, spring and a dashpot. Very much like the system equation of motion in the 

above section, equation (3-15). For a dynamic system of motion, the equation is made up of six 

different modes of motion. The dock can move in six different directions which includes pitch, sway, 

surge, roll, heave and yaw.  In figure (4-1) the six different modes are shown for a floating dock or 

breakwater.  
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Figure 4-1: An image of a typical floating dock submitted to waves with celerity C and wavelength L. The image describes the 
six different modes of motion including, Surge in Z-direction with Roll as the angular motion around the axis, Sway in X-
direction with Pitch around the axis and then Heave in vertical direction with Yaw around the axis.  

For an in-depth look at the equation (3-15) the terms on the left-hand side account for the forces 

imposed on the dock from motions in the water. The added mass and the damping coefficients are a 

function of the shape of the dock, the motion frequency and the water depth. These are most 

commonly called the hydrodynamic coefficients and are further explained in the following section. The 

spring constant consists of forces proportional to the floating docks displacement, such as the 

buoyancy force of the dock or the mooring restraints. Every motion of the dock in the water has a force 

pulling it back and this would be the spring forces. The force function on the right-hand side of equation 

(3-15) explains the wave force incident to the dock and contains as a function the object shape, wave 

amplitude, incident wave frequency and direction. This function is computed as if the dock would be 

rigidly held. This method or approach to the dynamic equation of motion leaves us with a conclusion 

that the floating object responds sinusoidal with the frequency of the incident wave. In an irregular 

wave field, the incident wave is characterized with a variety of frequencies and directions, and the 

motions of the floating object can then be determined using concepts of wave spectrum. 

Even though frequency domain analysis is commonly used when calculating wave transmission, 

because of its relative ease and effortless computation, it can create problems when analyzing mooring 

restraints. Frequency domain analysis assumes the mooring restraints to be linear, but this is often not 

the case for nonrigid moorings such as catenary lines or Seaflex. That is, mooring restraint load is a 

linear function of displacement, but when the mooring restraints are nonlinear the subharmonic 

motions of the floating system can occur at frequencies that differ from the incident wave frequency.  

4.1.3 Time domain analysis 

While the frequency domain analysis works more for a linear perspective, the time domain analysis 

has a more complicated computation but may include both first-order wave frequency forces as well 

as second-order wave drift forces. In time domain analysis the forcing function may also consider the 

hysteresis and nonlinear force elongation curve computed for seaflex mooring hawser. The second-

order wave drift force is not important in calculations with regular standing waves, but when dealing 

with irregular wave fields the difference in wave frequency, between the many different standing 

waves in the field, generates in a low-frequency time-varying drift force. The frequency domain 

analysis only relates the instantaneous motion variables of the floating object to the instantaneous 
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value of the exciting forces, i.e. the frequency of the incident wave. In a paper from G. Van 

Oortmerssen (1976) [1] it is well described about the time domain analysis theory and why it is of 

importance. The time domain analysis function for the motion of a floating object in waves then 

becomes: 

(𝑚 + 𝑚′)�̈� + ∫ 𝐾(𝑡 − 𝜏)
𝑡

−∞
�̇�𝑑𝜏 + 𝑐𝑥 = 𝐹(𝑡), (4-1) 

where m’ is the constant inertial coefficient, K(t) is the impulse-response function, F(t) is the arbitrary 

forcing function and c is the hydrostatic restoring force coefficient, like coefficient 𝑏 in equation (3-

15). The approach is to use impulse response, if for a linear system the response K(t) to a unit impulse 

is known then the response of the systems force is calculated as: 

𝑥(𝑡) =  ∫ 𝐾(𝑡 −  𝜏)
𝑡

−∞
𝐹(𝑡)𝑑𝜏. (4-2) 

An assumption of linearity is needed of the hydrodynamic restoring forces of the floating barge, but 

for this equation the first-order forces, second-order mean drift forces, nonlinear mooring restraint 

forces, forces from wakes from ships as well as wind- and current forces can be included into the 

forcing function F(t). 

In his thesis [1] Van Oortmerssen explains in detail the calculations for the time domain analysis. The 

impulse response function K(t), and the inertial coefficient m’ is analytically determined from 

frequency-dependent damping coefficient and becomes: 

𝐾(𝑡) =
2

𝜋
∫ 𝑏(𝜔)

∞

0
cos(𝜔𝑡) 𝑑𝜔 (4-3) 

𝑚′ =  𝛼(𝜔) +
1

𝜔
∫ 𝐾(𝑡)sin (𝜔𝑡)𝑑𝑡

∞

0
 (4-4) 

 

4.2 FORCE CALCULATION FOR SEMI-RIGID PILE SYSTEM (GUIDED PILE SYSTEM) 

4.2.1 General 

Mooring system composed of rigid piles works much as a semi-rigid system for motions in the sway 

direction of the moored dock. Large piles in concrete, steel or wood is built from the bottom to above 

sea level. Then the floating dock is mounted on the piles and guided in the heave direction as the dock 

is floating on the water. Methods of calculating force loads on rigidly held systems ignore much of the 

motions of the dock, and are relatively easy to apply. The mooring system with guided piles is called a 

semi-rigid system, this means that the system does not ignore all motions in the sway direction of the 

dock. Since the system then has motion in the lateral direction, one can determine a spring constant 

and observe the mooring system as a spring-mass-dashpot explained in section 3.2.3. 

4.2.2 Response factor for a semi-rigid versus a nonrigid mooring system 

Even though a system is semi-rigid, the vibration theory explained in section 3.2.3 can be applied and 

therefore the system has a response factor. When the floating dock uses a guided pile mooring system 

the assumption is that the dock is induced to the entire wave load from the incoming wave. For this 

type of mooring system, the frequency of the system is very short compared to the frequency of the 

incoming waves. This implies that the response factor from equation (3-19) can be assumed to 1, which 

would in vibrations theory give the mooring system the full load force from the waves. On the contrary, 

for a dynamic free-floating mooring system, like a spring mooring system, the natural frequency of the 
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system is large compared to the incident waves. For these systems the response factor becomes much 

less than 1 and are in that way induced to much lower load forces from the incident waves.  

4.2.3 Difference in wave force load for a semi-rigid and a nonlinear flexible mooring system 

There is a large difference in mooring load forces for a firm mooring system that is semi-rigid and a 

soft mooring system that is flexible with incident waves. When constructing moorings for a marina one 

must consider this difference when scaling the system for forces. The load force on a semi-rigid pile 

system must be dimensioned for large first order forces, but for a nonlinear soft mooring system such 

as catenary or seaflex mooring system, the dimensions can be different due to other types of load 

forces like second order wave forces.  

To describe the difference in wave force loads from first order wave forces one can use a simple 

analytical method with calculations from vibrations theory like in section 3.2.3. This approximate 

analysis can be useful to provide an insight in floating dock mooring behavior, but should not be used 

as a dimensioning tool for actual purpose. This is an analysis in one degree of freedom4 which means 

that the theory for vibrations described in section 3.2.3 can be applied. First, the calculation of the 

natural frequency and period must be made from the definition of equation (3-20), but with the 

modification that the mass is a sum of the mass of the system and the added mass. Now, with the 𝜔𝑛 

and the natural period of the system determined by;  

𝑇𝑛 =
2𝜋

𝜔𝑛
,   (4-5) 

the response factor, 𝑅𝑑, can be calculated if the parameters of the incident waves are known. In table 

(4-1) the calculations for this simple analytical method is done for a system with seaflex moorings 

installed for a client to Seaflex AB [9]. The spring constant is approximated for a the seaflex mooring 

system and is calculated from a setup with 6 seaflex hawsers in a single seaflex unit.  

Table 4-1: Parameters used and calculations for a simplified method in vibrations theory, to calculate the approximated 
transferred wave load to the mooring system. In the table the spring constant is calculated from Seaflex hawsers, which gives 
the low response factor, 𝑅𝑑,  and long natural period, 𝑇𝑛. 

 

Similarly, calculations for a semi-rigid mooring system can be determined. In the case for a guided pile 

system a different spring constant must be used. As an approximation, one can use the value from an 

example in chapter 5 of [5], the spring constant for semi-rigid pole system is described as k = 573 kN/m. 

The spring constant for a semi-rigid system is much higher than flexible softer system of a seaflex unit. 

With a larger spring constant, the forcing frequency, 𝜔 , will approach 𝜔𝑛  of the system, and this 

implies that 𝑅𝑑 will become much larger and magnify the lateral loading force on the mooring system. 

In table (4-2) the same setup is used but the calculation is performed for an approximate spring 

constant of a semi-rigid mooring system.  

                                                           
4 the loading force in sway direction i.e. the lateral force on a floating dock 
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Table 4-2: Parameters used and calculations for a simplified method in vibrations theory, to calculate the approximated 
transferred wave load to the mooring system. In the table the spring constant is estimated and taken from similar calculations 
in [5].  

 

From this approximation one can clearly see, when comparing the two tables, that the wave load 

transfered on the mooring system becomes much larger for a semi-rigid mooring system than for the 

soft flexible system. Under wave load transferred one can see how much force is acting on the dock in 

sway direction from the incident wave.  

4.3 WAVE FORCE ONTO SEAFLEX MOORING SYSTEM 

4.3.1 General 

The previous discussed method for the calculations of the wave load on the mooring system is, as 

mentioned earlier, only a demonstration of the difference in force loads for a soft and a firm mooring 

system. With the flexible nonlinear seaflex mooring system the calculations become a bit trickier. The 

above analysis is focusing on only one degree of freedom, but for a nonlinear system there is five more 

modes of motion. Secondly, the simplified analysis neglects the nonlinear behavior of a flexible soft 

system which is very time dependent, the state before a load sequence and what happens after is 

dependent on the time history. Finally, it does not include the second order wave forces that can 

dominate mooring loads for a flexible mooring system. However, the simplified analysis method shown 

above is good for the insight in the difference in calculating mooring loads. Numerical models, like the 

calculations Seaflex AB provides, is used to better estimate the mooring forces for design purposes.  

4.3.2 The use of time domain analysis 

As it has been explained the frequency domain analysis predicts the motions in horizontal direction 

dependent on the frequency of the incident wave, though the approach does not predict the low 

frequency sway motions. It has been proven from several documentations that the mooring line forces 

are dominated by the long period oscillations, like the low frequency drift forces. To calculate for such 

forces, one might use equation (4-2) for all six modes of motion for a floating dock. This numerical 

method might be suitable for calculations of the motion of a floating structure moored with a flexible 

mooring system [5]. Furthermore, a deeper analysis of this method might be useful if operated as an 

algorithm in a computer. Equation (4-2) rewritten for all six modes would look something like the 

following: 

∑ [(𝐼𝑘𝑗 + 𝑚𝑘𝑗)𝑥�̈�] + ∫ [𝐾𝑘𝑗(𝑡 − 𝜏)𝑥�̇�(𝜏)𝑑𝜏 + 𝐶𝑘𝑗𝑥𝑗]
𝑡

−∞
6
𝑗=1 = 𝐹𝑘(𝑡),  (4-6) 

where 𝑥𝑗 is the motion in the jth mode, 𝐼𝑘𝑗 is the inertia matrix, 𝑚𝑘𝑗 is the constant added mass matrix, 

𝐶𝑘𝑗 is the hydrostatic restoring force matrix, 𝐾𝑘𝑗 is the impulse response function as a matrix, 𝐹𝑘(𝑡) is 

the function for the external force in the kth mode due to wave and sea conditions. Finally, 𝑘 is all the 

modes of motion from sway to yaw. 
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The hydrostatic restoring forces and the inertia matrix is presented in many standard naval and marine 

mechanics publications and even other thesis’s [10]. The impulse-response function matrix, 𝐾𝑘𝑗, and 

the constant added mass matrix, 𝑚𝑘𝑗, are determined as equations (4-3) and (4-4) but with 𝑏𝑘𝑗(𝜔) as 

the frequency dependent damping coefficient and 𝑎𝑘𝑗(𝜔) as the frequency dependent added mass 

matrix. These coefficients may be determined from hydrodynamic theory and hysteresis for Seaflex 

hawser. Moreover, the forcing function 𝐹𝑘(𝑡) may be described as in equation (3-26). This method 

together with hysteresis and elongation functions for seaflex hawsers may be a good method for 

providing estimates of the motions for a floating dock using Seaflex AB mooring system. 
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5 CONCLUSION 

5.1 CONCLUSION OF REPORT 
To describe the difference in calculating the wave induced forces on a flexible mooring system, the 

wave behavior must first be studied. When a wave propagates from sea towards the shore the 

elevation of the wave changes a lot depending on the water depth. The sea surface waves are 

calculated differently when the depth is approximately half the wave length, which is when the circular 

motion of a certain water particle is disrupted from a circular motion to a more elliptic behavior. 

The sea surface cannot be described by a regular sine function since the surface consists of many waves 

that can rather be described by a spectrum of waves with different heights and periods. Now, when 

calculating the forces from waves onto a floating object there is different types of forces to be 

considered. Furthermore, the wave induced forces may produce different load forces on the mooring 

system depending on the structure of the mooring system. The first order wave forces that vary with 

frequency of the incident wave is usually the largest and deciding factor when scaling the mooring 

system. These large first order forces transfer into different loads on the mooring system depending 

on the systems flexibility and motion. With vibrations theory one can illustrate the difference in 

transferred wave loads for the different mooring systems. From vibrations theory a certain response 

factor is determined which varies for the different systems. For a semi-rigid mooring system such as 

guided piles, the response factor may become rather large if the forcing frequency approaches the 

natural frequency of the system. The larger the response factor the larger the transferred horizontal 

force to the mooring system. The ratio between forcing frequency and natural frequency of the system 

is depending on the spring constant and the period. A guided pile mooring system has a very large 

spring constant compared to a flexible mooring system such as Seaflex.  

In conclusion, to calculate the force transferred from the waves to the Seaflex mooring system, one 

cannot compare with the same calculations as for a semi-rigid system such as the guided pile system. 

The transferred forces are much different and to scale the Seaflex hawsers for that large forces is 

unnecessary and not cost efficient.  

5.2 FUTURE WORK 
When studying the literature of low frequency second order drift force and the frequency based first 

order force, a lot of articles and papers with experiments trying to figure out the motions and forces 

of floating objects have been found. To further study the comparison between Seaflex mooring system 

against a rigid mooring system, one could make a larger experiment where the forces impacting on 

each is measured. This would take more time and resources but could give a more scientific and deeper 

approach to the comparison. Another demonstrative way to show the works of the second order drift 

forces would be to make an algorithm for calculating both the types of forces on both types of mooring 

systems, then show with simplified plots the difference.  
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