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ABSTRACT 

 

 

Forces from a nonlinear irregular wave model on a offshore structure are investigated.  

Comparing the results obtained from the linear wave theory and with the stream function wave 

theory and investigate the force from fully nonlinear irregular waves is used from the Morison’s 

equation.  The predictions of  the wave forces is compared. The corresponding force profiles from 

the stream function theory with the force-profiles of two selected waves from the irregular wave 

train are compared. The results recommend that the non-linear irregular waves give high value to 

larger extreme wave forces that those predicted by linear theory. The linear  theory which is stream 

function theory in some issue underestimate the wave forces acting on the offshore structure 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background Study 

 

                  Ocean waves are random and irregular height, period ,length shape and speed of 

propagation. A actual and real sea state is best explained by a irregular wave model. Summation 

of many small liner wave components with different amplitude, frequency and direction is a linear 

irregular wave model. The phases are irregular and random toward each other. A nonlinear 

irregular wave model allows for differences and summation frequency wave component affect by 

non-linear interaction  between the individual wave components.  

                     

                Determine the design wave methods or by stochastic methods applying wave spectra 

will consider wave conditions for structural design purposes.  For quasisatatic response of 

structure, it is sufficient to use deterministic regular waves characterized by  corresponding wave 

period, crest and through height, wave length  and period. Statistical method will capable to predict 

the deterministic wave parameters. 

 

               Stochastic modelling of the sea surface  and its kinematics by time series is required for 

structures with significant dynamic response. Wave frequency spectrum is best described sea state 

with a given significant wave height, a representative frequency , a mean propagation direction 

and  a spreading  function. In applications the sea state is usually assumed to be a stationary random 

process. Three hours has been introduced as a standard time between registrations of sea states 

when measure waves, but the duration of  stationary capable to range from 30 minutes to 10 hours. 

The wave conditions in a sea state can be divided into two particular conditions which is swell and 

wind seas . Wind seas are caused by local wind meanwhile swell have no interaction to the local 

win. Swell usually wave that have travelled out of the the areas where they were generated. 
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1.2 Problem Statement 

 

                        A actual and real sea state is best explained by a irregular wave model. Basically 

engineer will calculated the prediction using regular wave which is easy to executed and for this 

project, the irregular wave method will be used to calculated the force for the prediction 

.Comparing the results obtained from the linear wave theory which is using the regular method by 

using the data from PTS (Petronas Technical Standard) with the condition of worst storm in 100 

years with the irregular method and investigate the force from fully nonlinear irregular waves will 

give actual value for the sea state 

 

 

 

1.3 Objectives 

 

A actual and real sea state is best described by a irregular wave model. The main objective 

of this study is to calculate the force for nonlinear irregular waves to the structure . Below are the 

details objectives of this study: 

I. To compare the differences between  regular wave and irregular waves 

II. To determine the differences due to various method in calculating kinematics 

III. To determine the effects water depth to the wave force  
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1.4 Scope of Study 

 

          This project is conducted to comparing the results obtained from the linear wave theory 

which is using the regular method by using the data form PTS (Petronas Technical Standards) with 

the condition of worst storm in 100 years with  the irregular method and investigate the force from 

fully nonlinear irregular waves,  Morison’s equation is used to calculated the force for the nonlinear 

irregular waves and regular waves. A actual  sea state is best described by a irregular wave model. 

Basically engineer will calculated the prediction using regular wave which is easy to executed and 

for this project, the irregular wave method will be used to calculated the force for the prediction. 

 

There are two phases in this project. The first phase of this project is during final year first 

semester. The focus is more on data collection, literature review and data analysis and interpret . 

The first phase is very important to provide understanding on overall process and theoretical 

knowledge for this project. The second phase is during final year second semester. The focus will 

be on conducting discussion and data analyzing. The results obtained will be documented in final 

report.  
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CHAPTER 2 

 

LITERATURE REVIEW 

 

2.1 Wave Force Formations 

                             

                   The main important when designing the structure is the computation of the water wave 

forces on an offshore structure. Task involving between the complexity of the interaction with the 

structure make its as a difficult situation. The effects on the offshore structure ,the random nature 

of the ocean waves and the incomplete of even some of the highly nonlinear wave theories to 

explain it become more difficult and hard as we start to investigated and examined. Furthermore, 

our understanding about the interaction phenomenon through analytical studies, laboratory 

experiments and at-sea measurements are reasonably accurate in predicting wave impacts on a a 

variety of offshore structures  agreeing with some of the theories available today. 

 

 

                   Throughout the year, the development of offshore structure is increasing and there is 

a lot of variety offshore structure. One of the common used by the industrial is piled jacket-type 

platforms which is consists of small tubular members. Its also composed with large volume gravity 

platforms which  consists of large members coupled with smaller braces, semisubmersibles, 

tension legged platforms with large vertical, horizontal and diagonal circular or square cylinders 

and arctic structures. The variety formulations for wave forces are apply to the this type and size 

of the members in an offshore structure. 

  

                Wave forces on offshore structures are calculated in three different ways: 

• Morison equation  

• Froude-Krylov theory 

• Diffraction theory 
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                 The Morison equation is to be linearly combination between the inertia forces and drag 

forces. The combination involve an inertia which called as mass coefficient and a drag coefficient 

which can be determined by experiment. The drag force gives significant value to application of 

morison equation. This is normally happen when the  structure diameter is small compared to the 

water wave length. 

 

 

                  The Froude-Krylov can be applied when the drag force is less and the inertia force give 

significant values while the structure diameter is still relatively small. 

It use the pressure area method and utilize the incident wave pressure on the surface of the structure 

to give the force value. The benefit of this method is that for  some of the symmetric objects , the 

force produce may be in a closed form and the it easy to find the force coefficients. 

 

 

                     The current structure is expected to adapt the wave field in the area of the structure 

when the wave length is compare to the size of the structure. In this case, the evaluation of the 

wave can be proceed when the diffraction of the waves from the surface of the structure are taken 

into account. This called as theory for diffraction or generally known as diffraction theory. The 

solution commonly involving between  numerical technique and the associated boundary 

conditions to solve the Laplace equation while in closed form solution.  

 

                    

                    A simple dimensional analysis is perform first in order to determine which are three 

a methods are applicable.  F, known as the force of the wave act to structure while D, is the diameter 

of a vertical cylinder or the column of the structure. Both of this can be written as the following 

function 
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                                 𝑓 =  𝜓 (𝑡, 𝑇, 𝐷, 𝐿, 𝑢0 , 𝜌, 𝜐                         (2.1)    

 

Based on  function above the  t is time ,T is  wave period, L is wave length, 𝑢0 is maximum 

horizontal water particle velocity, 𝜌 is mass density of water and  𝜐 is kinematic viscosity. From 

the velocity , the water particle acceleration can be obtained. In linear wave theory 𝑢̇0 𝑖𝑠 𝜔𝑢0  

where  𝜔 𝑖𝑠 
2𝜋

𝑇
  . In  a M-L-T system, the Buckingham Pi theorem will result five dimensionless 

quantities for eight variables. Then, dimensionless force can be expressed as a function of four non 

dimensional quantities 

 

                             
𝑓

𝜌𝑢0
2 =  𝜓(

𝑡

𝑇
,

𝑢0𝑇

𝐷
,

𝑢0𝐷

𝜐
 ,

𝜋𝐷

𝐿
                           (2.2) 

 

Based on the function above the  t/T is dimensionless time, 
𝑢0𝑇

𝐷
 is Keulegan-Carpenter parameter 

(KC), 
𝑢0𝐷

𝜐
 is Reynolds number, and  

𝜋𝐷

𝐿
 is diffraction parameter,  

 

                     The importance of drag force can be expressed by using the KC number while the the 

importance of  diffraction effect can be express using diffraction parameter. The diameter of the 

structure is one of the characteristic when determine the KC number while  diffraction parameter 

is the ratio between the diameter of the structure and wave length. When the diffraction parameter 

is big means that the KC number is small and when the diffraction parameter is small means that 

the KC number is big. Thus, small drag effects means the diffraction effect is big  and when the 

drag effects is big means the diffraction is negligible. 
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2.2      Morison Equation 

                 

                           The Morison Equation was introduced and developed by was Morison, O’Brien, 

Johnson, and Shaaf (1950) in  explaining the horizontal wave forces acting on a vertical cylindrical 

pile which scale from the bottom of the ocean  through the free surface. Morison, et al. proposed 

that the force exerted from uninterrupted surface waves on a vertical cylindrical pile which expand 

from the bottom through the free surface from the figure below is consists of two important 

components which is  inertia and drag. 

 

 

 

 

Figure 2.1: Wave forces acting on diameter cylinder 
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2.3        Development of Morison Equation  

 

                          When water particle moving in a wave, it carries a momentum. This approved the 

principle  concept of the inertia force. The particle will accelerates and decelerates when passing 

around the vertical cylinder. This shows that the application of a force acting on the cylinder 

increase the momentum. The increment of force acting on a small segment of the cylinder needed 

to accomplish in order to proportional to the acceleration at the mid of the cylinder 

 

 

                              𝑑𝑓1̇ = 𝐶𝑀𝜌
𝜋

4
𝐷2 𝑑𝑢

𝑑𝑡
𝑑𝑠                             (2.3) 

 

Based on function above  the 𝑑𝑓1̇ is inertia force on the segment ds of the vertical cylinder while 

D is the cylinder diameter and  du/dt is the local water particle acceleration at the centerline of the 

cylinder . While 𝐶𝑀 is the inertia coefficient. For a  uniformly accelerated flow the inertia 

coefficient can be equal to 2. 

 

                         The presence of a wake region on the downstream  side of the cylinder is the 

principal cause of the drag force components.  The differential is created by the region between 

the downstream and upstream  of the cylinder at a given amount of time which is that downstream 

region is low pressure compare to the pressure of upstream. Based on the theory, the  water particle 

motion under a wave oscillate within the wave period. Therefore, the   downstream side of the 

cylinder repeat every half cycle and  a after half a cycle, a mirror image is created. The differential 

pressure due to different region causes a force to be exerted in the water particle velocity.  
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Figure 2.2: Pressure distribution through the vertical cylinder in waves 

 

 

 

Figure 2.3: Drag coefficient versus Reynolds number 

 

 

                    The square of the water particle velocity is proportional with the drag force from the 

Morison equation. The absolute value of the water particle velocity is include in order to ensure 

the drag force is same direction the velocity. 
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                                            𝑑𝑓𝐷 =
1

2
𝐶𝐷𝜌𝐷|𝑢|𝑢𝑑𝑠                      (2.4) 

 

Based on the function above the 𝑑𝑓𝐷 is drag force on an incremental segment, ds, of the cylinder 

while  u is instantaneous water particle velocity and 𝐶𝐷 is drag coefficient. In a uniform flow, the 

value of (steady) drag coefficient 𝐶𝐷̅ is dependent on the cylinder roughness and  Reynolds 

number. For rough cylinders and smooth cylinder , its values obtained  from experiments are 

given in Figure 2.3. The  value of drag coefficient increased by the cylinder roughness.. In the 

case of the oscillatory flow this value is hard to obtain . 

 

             Combining the inertia and drag components of force, the Morison equation is written as 

 

                                𝑓 = 𝐶𝑀𝐴𝐼
𝑑𝑢

𝑑𝑡
   + 𝐶𝐷𝐴𝐷|𝑢|𝑢                            (2.5) 

 

In which f = force per unit length of the vertical cylinder 

 

                                    𝐴𝐼 = 𝜌
𝜋

4
 𝐷2                                                  (2.6) 

 

And 

                                                𝐴𝐷 = 𝜌
1

2
 𝐷                                              (2.7) 

 

              The above equation (2.5) gives the forces on unit length of a vertical cylinder. Assuming 

that the cylinders expands from the ocean floor the SWL ( Figure 2.1), the total force on the 

cylinder is given by the integral the equation below 

 

           𝐹 =  ∫ 𝑓 𝑑𝑠 =   ∫ [
𝑑

0

𝑑

0
𝐶𝑀𝐴𝐼

𝑑𝑢

𝑑𝑡
   + 𝐶𝐷𝐴𝐷|𝑢|𝑢] 𝑑𝑠      (2.8) 
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            The Empricial is the original Morison equation. Thus, it can be questioned  its 

application to a complex time dependant separated flow. However , is not applicable to derive 

new formulations to give best explaination the flow phenomena. The method  to improve  the 

Morison equation in terms of aligning the measured data by adding higher (odd) harmonic terms 

is described by Sarpkaya and Isaacson (1981). The reliability of original Morison equation has 

been approved in predicting wave force on small members . The small discrepancy might not be 

considered as important and in the current of many other uncertainties in designing the structure. 
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CHAPTER 3 

 

METHODOLOGY 

 

3.1 Project Flow 

 

The process flow for this project is as below:  

 

 

 

 

Documentation and Reporting

Documenting all the information and results obtained from the project. 
Conclusion and recommendations about this project will be made for further 

improvement. 

Data Gathering and Data Analysis

Conducting the simulation to get the data and to analyze the results obtained.

Simulation Methodology

Deciding simulation method and procedures to obtain the data and prove the 
theory.

Literature Review

Gathering theoretical information from different sources to provide 
understanding about the project.  

Problem Statement & Objectives

Identifying the purpose of this project and to set goals that are expected to be 
achieve by the end of this project
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3.2 Project Methodology 

 

3.2.1 Overview 

           The overview of methodology for this project is as below: 

 

 

Literature Review

• Identification of regular wave and irregular wave kinematics

• Development of simulation procedures

Simulation procedures

• Summation of sinusoidal wave components using Matlab which is have different water depth

• The data obtained from the PTS ( Petronas Technical Standard).

• Simulation using Regular Wave method and Irregular Wave method to obtain the Force

Data analysis

• Comparing the regular wave results and irregular waves results

Documentation and report

• Preparation of final report based on all the results and data
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3.2.2 Simulation 

  

 3.2.2.1 Simulation of regular wave 

 

             The purpose of the Simulation is to explore the total forces  on the cylinder with different 

wave height , wave period and water depth.  For the regular wave ,The wave characteristic  can 

obtain from the Petronas Technical Standards (PTS) with condition worst storm in 100 years. The 

table below shows example wave characteristic from Peninsular Malaysia Operation. 

 

WAVE Units Operating Criteria 100- year Storm Event 

Hs m 4.38 5.77 

Tz sec 6.91 8.06 

Tp sec 9.74 11.37 

Hmax m 8.44 11.65 

Tass sec 8.38 9.64 

 

Table 3.1:  Peninsular Malaysia Operation (PMO) ( Water depth 70m) 

 

                    The following below is equation from the Morison equation in order to calculate the 

total forces acting on the  vertical cylinder 

 

                                  

               𝐹 =   𝐶𝑑
1

2
 𝜌 𝐷 ∫ 𝑢2𝑑𝑧  +  𝐶𝑚

𝜋𝐷4

4
 𝜌 ∫

𝑑𝑢

𝑑𝑡
𝑑𝑧   

𝑑

0
 

𝑑

0
     (3.1) 

 

Based on function above  ρ  is  mass density of fluid (kg/m3) = 1000 kg/m3, D is diameter of 

cylinder (m) = 0.5 m, u is  fluid particle velocity (m/s), du/dt  is fluid particle acceleration (m/s2), 

Cd    is  drag coefficient and Cm is mass coefficient. 
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                 In computing global wave forces on the structure with Morrison’s equation, drag and 

mass coefficients for tubular members shall be determined as functions of wave  and current 

parameters and surface roughness, size and orientation as per API code requirement with the 

following criteria: 

 

 Tubular Members Non-Tubular Members 

Drag Coefficient Cd 1.0 2.0 

Mass Coefficient Cm 2.0 2.0 

      

Table 3.2: Drag coefficient and mass coefficient for the following members 

 

 

                    Based on the Morison Equation ,the horizontal velocity  which is u and the particle 

acceleration is du/dt are shown in function below. 

 

                      𝑢 =
aω cosh 𝑘 (𝑦+𝑑)

sinh (𝑘𝑑)
sin (𝜔𝑡 − 𝑘𝑥)                                 (3.2)  

 

                 
𝑑𝑢

𝑑𝑡
=

a𝜔2 cosh 𝑘 (𝑦+𝑑)

sinh (𝑘𝑑)
cos(𝜔𝑡 − 𝑘𝑥)                          (3.3) 

 

 

In which a is wave height, ω is wave frequency = =   
2𝜋

𝑇
, k is wave number =   

𝜔2

𝑔
  , y is length from 

the free surface , t is wave period  and x is length in x direction.  

 

                                     From the data above , the force for the regular wave is calculated into two 

condition which is 80m water depth and 180m water depth to compare to the force in irregular 

wave. 
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      3.2.2.2 Simulation of irregular wave 

 

                     The simulation for irregular wave, the wave characteristic data can obtain from 

the  Universiti Teknologi Petronas with 80m water depth and 180m water depth condition in 

order to compare with the regular results. The table below shows the data for velocity , 

acceleration and elevation for each time period 

 

     80m water depth  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.3: Acceleration data for 80m water depth 
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Table 3.4: Velocity data for 80m water depth 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.5: Elevation data for 80m water depth 
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                               The table above the acceleration, velocity and elevation for each time period 

in 80m water depth. The column represent the acceleration , velocity and elevation while for the 

row represent the wave period. The difference between row is 1/66 seconds. 

 

 

180m water depth 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.6: Acceleration data for the 180m water depth 
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Table 3.7: Velocity data for the 180m water depth 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.8: Elevation data for the 180m water depth 
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                      The table above the acceleration, velocity and elevation for each time period in 180m 

water depth. The column represent the acceleration , velocity and elevation while for the row 

represent the wave period. The difference between row is 1/66 seconds.  

 

                     Based on the data from Universiti Teknologi Petronas , the value for the acceleration, 

velocity and elevation are substitute into the Morison equation with constant diameter and density 

which is 0.5 m and 1000 kg/m^3 to find the Total force. Therefore, the results for the regular wave 

and irregular waves are compared. 
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3.3 Project Gantt Chart and Key Milestones 

 

No Activities/ Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 
Project planning and 

FYP II briefing 
              

 

2 
Perform simulation 

and analysis 
              

 

3 
Preparation of 

Progress Report 
              

 

4 

Completion of 

progress report and 

submission to SV 

              
 

5 
Continuation of 

project work 
              

 

6 
Preparation of poster 

for Pre-SEDEX 
              

 

7 

Pre-SEDEX poster 

presentation with 

internal examiner 

              
 

8 

Completion of 

simulation and 

continuation on 

project documentation 

              

 

9 

Preparation and 

submission of 

Dissertation (soft-

bound) 

              

 

10 

Preparation and 

submission of 

Technical Paper 

              
 

11 
FYP viva oral 

presentation  
              

 

12 

Dissertation format 

checking and final 

touch-up 

              

 

13 

Completion of FYP 

and submission of 

Project Dissertation 

(hard-bound) 

              

 

  Project Timeline          Key Milestone 
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3.4 Key Project Milestones Details 

 

No Activities/ Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 
Project planning and 

FYP II briefing 
              

 

1st Key Milestone: Completion of FYP II Progress Report 

2 
Collection of data 

for simulation 
              

 

3 
Preparation of data 

for simulation  
              

 

4 
Analysing the data 

for simulation 
              

 

5 
Execution of 

simulation   
              

 

2nd Key Milestone: Pre-SEDEX Presentation 
 

7 

Continuation on 

simulation and data 

analysis 

              
 

8 

Preparation of 

poster for Pre-

SEDEX 

              
 

3rd Key Milestone: Completion of FYP II Dissertation (soft-bound)  
 

9 
Results 

documentation  
              

 

10 
Preparation of 

dissertation 
              

 

4th Key Milestone: Completion of FYP II Technical Paper 

11 
Preparation of 

technical paper 
              

 

12 
Format and Turnitin 

checking 
              

 

5th Key Milestone: FYP II Viva Oral Presentation 



23 
 

13 

Preparation of slides 

and material for 

presentation 

              
 

6th Key Milestone: Completion of FYP II Project Dissertation (hard-bound) 

14 
Printing of FYP 

hard-bound 
              

 

15 

Completion of FYP 

and submission of 

hard-bound 
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                                                   RESULTS 

 

4.1 Simulation 

 

4.1.1 Simulation of Regular wave  

 

                             The total length of the  vertical cylinder which is as column for the platform is 

assumed. The numerical case is conducted with following input data which is d=0.5m , Cm = 1.0, 

Cd = 2.0 , T=10s and p= 1000 kg/m^3. Figure below shows the time series of wave profile based 

on the input data and the numerical results with the analytical solutions 

 

 

 

 

 

 

 

 

 

Figure 4.1 : Time series of regular wave on vertical cylinder 
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4.1.2 Simulation of  Irregular wave  

 

                                The irregular waves are simulated for the repetition period without the vertical 

cylinder which is assumed as column of the platform. The time series for the irregular waves are 

shown in figure below.. For the different water depth  which is  d=80m and d= 180m, the  wave 

spectrum is  shown in figure below. 

 

 

 

 

 

 

 

 

Figure 4.2 : Time series of irregular wave on vertical cylinder with 80m depth 

 

 

 

 

 

 

 

 

Figure 4.3: Time series of irregular wave on vertical cylinder with 180m depth 
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4.2 Impact of water depth on the drag and inertia coefficient  

 

                  After the time series of simulation is done, the different water depths is investigated  

for the drag coefficient and inertia coefficient acting on vertical cylinder which is the column for 

the fixed jacket platform. The water depth for the regular wave is substitute the value 80m and 180 

into the drag coefficient and inertia coefficient. The table below shows that input data for different 

water depth in irregular wave . The water depth  value scale is  80m to 180m which is indicated to 

the finite water depth. The wave height which is H wave period ,T is considered constant in regular 

wave 

 

 

 

 

 

 

 

 

 

 

 

Table 4.1: Data for 80m water depth 
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Table 4.2: Data for 180m water depth 

 

                             The drag coefficient and inertia coefficient for regular wave is obtained by 

substitute the 80m and 180m water depth into the coefficient with the wave characteristic obtained 

from Petronas Technical Standard (PTS). The drag coefficient and inertia coefficient to the vertical 

cylinder which is the column for fixed jacket platform shows at the figures below using the 

absolute values of the results. The figure below shows that the drag coefficient and inertia 

coefficient for regular wave  and irregular wave with 80m water depth and 180m water depth.  
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Figure 4.4: Drag coefficient for regular wave with 80m water depth 

 

 

 

 

 

 

 

 

 

Figure 4.5: Inertia coefficient for regular wave with 80m water depth 
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Figure 4.6: Drag coefficient for regular wave with 180m water depth 

 

 

 

 

 

 

 

 

 

Figure 4.7: Inertia coefficient for regular wave with 180m water depth 
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         Figure 4.8 : Drag coefficient for irregular wave with 80m water depth 

 

 

 

 

 

 

 

 

 

 

Figure 4.9 : Inertia coefficient for irregular wave with 80m water depth 
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               Figure 4.10: Drag coefficient for irregular wave with 180m water depth 

                        

 

 

 

 

 

 

 

 

 

 

 

 

                               Figure 4.11: Inertia coefficient for irregular wave with 180m water depth 
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                    Based on figure above shows that the drag coefficient and inertia coefficient    for 

regular wave decrease when the water depth increase. The drag coefficient and inertia coefficient  

for irregular wave reach the highest peak which is at water depth 180m  and the average values 

change a little bit.  The average values for the regular waves are 26% higher than the irregular 

wave , while the maximum drag coefficient and inertia coefficient are induced by the irregular 

waves is 75% higher than the regular waves. 
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4.3 Impact of water depth on Total Force  

 

                     For this part, the total force  investigated for a vertical cylinder with different water 

depth . The water depth  data  shows at Table 4.1 and Table 4.2 for 80m and 180m water depth.  

The table is for irregular wave water depth and for the regular wave, the 80m and 180m is substitute 

into the Morison Equation to obtain the total force. The total force acting to the vertical cylinder 

which is the column for fixed jacket platform shows at the figures below using the absolute values 

of the results. The figure below shows that the total force for regular wave  and irregular wave 

with 80m water depth and 180m water depth.  

 

 

 

 

  

 

 

 

 

Figure 4.12: Total force for regular wave with 80m water depth 
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Figure 4.13: Total Force for regular wave with 180m water depth 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.14: Total Force for irregular wave with 80m water depth 
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Figure 4.15: Total Force for irregular wave with 180m water depth 

                             

 

                       Based on figure above shows that the total force for regular wave decrease when 

the water depth increase. The total force  for irregular wave reach the highest peak which is at 

water depth 180m at time from 1 to 1000s and the average values change a little bit.  The average 

values for the regular waves are 30% higher than the irregular wave , while the Total Force are 

induced by the irregular waves is 70% higher than the regular waves. Therefore, this shows that 

irregular waves have larger total force than the regular waves 
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CONCLUSION & RECOMMENDATION 

 

5.1 Conclusion 

 

In conclusion, this project will focus on the effects of non-irregular wave kinematics to the 

offshore structure . Furthermore, the kinematics irregular wave will be tested for different wave 

water depth to obtain the drag coefficient, inertia coefficient and total force. Proper method and 

procedures will be identified to carry out the simulation process. Data analysis will be comparing 

the regular wave results with the irregular waves result. 

 

For the results, the drag coefficient and inertia coefficient  for the regular wave decrease 

when the water depth increase . For the irregular waves, the drag coefficient and inertia coefficient  

give much greater values  then the regular waves, while the averages values are lower than the 

regular waves. For the respect to the different wave depth, the total force for regular waves 

decrease when the water depth increase. The total force for irregular waves reach the highest peak 

and the averages values change a little bit. This shows that total force for irregular waves have   

high value than total force in regular wave . From the discussion , it shown that the irregular waves 

give more significant results than regular waves. 

 

 Lastly, through this project , the author hope that author achieve the objective which is to 

compare the difference between regular wave and irregular waves , determine the difference due 

to various method in calculating kinematics by using Morison Equation and to determine the 

effects of water depth to the wave force. 
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5.1 Recommendation 

 

For recommendations, more factors  can be study in order to gain more understanding on 

non-irregular waves effects to the offshore structure . Moreover, more method can be study such 

as experimental and laboratory. Other wave theories and wave spectra such as Fast Fourier 

Transform, First order theory, Second order theory and other can be study to gain more knowledge 

about the irregular wave theory. It is important to have essential information on all the factors in 

order to design offshore structure. Hopefully, this project will add more understanding on non-

irregular wave kinematic to the offshore structure for future development. 
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