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CHAPTER 1 

INTRODUCTION 

 

1.1.    BACKGROUND OF STUDIES 

 

Oil and gas can be considered as the most widely used source of energy in this 

modern life. The oil fuels cars, trucks and planes hold the modern lifestyles and 

economies all.  Other than fueling and underpin modern lifestyles and 

economies, the by-products from the oil refining are being used to produce 

variety kind of lubricants, tars, asphalts and also waxes.  All the pesticides and 

most of the fertilizers also fall into the oil refined products or its by-products.  In 

the other hand, the gas also been used to produce the wide range and different 

kind of industrial products such as polymers, textile, paints, dyes and even 

plastic. 

 

In the scope of Malaysia, the oil and gas industry been known as the second 

largest producer in Southeast Asia.  Having with the amount of 28.35 billion 

barrel and 38.5 Tcf for oil and gas reserves accordingly as for 2013 [1].  Almost 

all the Malaysia’s oilfield is located at offshore.  Malay basin in the west Sarawak 

and Sabah basin in the east are where the continental shelves located.  In 

Malaysia, the deepwater explorations have started with the Kikeh field, followed 

by Gumusut-Kakap and the coming soon Malikai.  Soon or later, deepwater oil 

will be the major activities for this industry due to limited resources at shallow 

and onshore region.  

 

In offshore field, there are many uncertainties e.g. environmental condition 

that affects the platform.  The major contributors of the mentioned effect are the 

ocean waves and current.  For the waves, it can be classified into two types 

which is long-crested and short-crested waves. Long-Crested wave is the 2D 

waves.  It is likely to be propagates in one direction.  As for Short-Crested waves, 

defined as 3D waves that propagates from much direction and cause the 
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deflection and diffraction. It can be considered as more real waves that 

experienced by the offshore platform. 

 

     

Figure 1: Visual of Short-Crested Wave 

 

     

Figure 2: Visual of Long-Crested Wave 
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1.2.    PROBLEM STATEMENT 

 

Offshore platforms are located far away from shore.  The integrity of the structure 

has to be taken care very carefully.  The biggest threat for these platforms will be the 

environmental effect such as ocean waves, current, wind and even iceberg.  In the 

real sea conditions, the short-crested waves are the waves that exerted on these 

platforms. Designing offshore platforms according to the long-crested waves is much 

more conservative. The reason is that for this design, the platform stretch is subjected 

to long-crested wave; the effects are assumed to be on all the stretches of the 

platform. This assumption indeed would overestimate the environmental effect 

subjected to the structure eventually overdesign the structure. Hence it is more 

important to determine the importance and significance of the short-crested wave 

with current 

 

 
Figure 3: Environmental Loads on Offshore Structure 
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1.3.    OBJECTIVE 

 

There are several objectives identified in this project: 
 

 To determine the dynamic responses of Truss Spar model from the Long-

Crested wave with current induced by frequency domain analysis. 

 To determine the dynamic responses of Truss Spar model from the 

Short-Crested waves and current induced by frequency domain analysis 

 To quantify the efficiency of the short-crested waves with current 

exerted on a Truss Spar model as compared to the Long-Crested wave 

with current 

 

1.4.    SCOPE OF STUDY 

 

The scope of study comprise of few elements: 
 The study on the dynamic responses of offshore platform 

o Structure: Truss Spar 

o Environmental condition: Waves and Current 

o Motions: Surge, Pitch and Heave 

o Wave Spectrum: Pierson-Moskowitz Spectrum 

 

 The research emphasizes the difference on dynamic response due to 

Long and Short-Crested wave with current 

 

Figure 4: 6 Degrees of Freedom or Motions 
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CHAPTER 2 

LITERATURE REVIEW 

 

 

This chapter presents critical review of the literatures as the conceptual 

guideline for the responses of Truss Spar due to long and short-crested with current 

study. The main focus of the study would be emphasizing on the differences and 

comparison between long and short-crested wave with current induces dynamic 

response onto Truss Spar model. 

 

2.1.    INTRODUCTION 

 

In the oil and gas industry, onshore and offshore explorations are available. Most 

of the onshore fields are located at the Middle East and offshore field are available 

worldwide. With the advancement of technologies and limited resources at shallow 

water, now deepwater oil is currently being exploited. Within the scope of Malaysia, 

famous with the sweet oil, rising demand from Malaysia water had been increasingly 

high for export. Thus, it was hoped that new oil reserves could be found in deepwater 

Sabah [2]. There only few deepwater field exploited in Malaysia water i.e. the Kikeh, 

Kakap-Gumusut and the coming soon Malikai. With the progress into exploiting 

deepwater oil the conventional jacket type platform can’t be used. Bullwinkle at the 

Gulf of Mexico held the deepest fixed platform with the depth of 412.1m [3]. Any 

deeper depth of water would be hard to use fixed typed platform. Thus, using 

floating structure would be necessary for deepwater case. Floating structure would 

mostly depend on the anchorage to hold into position in against environmental loads. 

“Every offshore facility is subjected to several type of environmental loads during its 

lifetime” [4] 
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Figure 5: Variety type of floating offshore structure for deepwater 

Narrowing the scope to spar, spar is an anchored buoy-like vessel that flows 

vertically and has on its top the production, treating and storage modules. It is a 

single, large-diameter cylinder that usually moored in position by traditional spread 

mooring. Spar said to experience a very small motion even in the 100-year hurricane 

event. A very low center of gravity gave spar a big advantage in standing upright and 

in a stable position. The mooring used is to reduce the motion of the platform the 

there is a hit by any environmental forces. Spar has been used for decades as a 

marker buoys and for gathering oceanography data where in the early days, it had 

been used as storage units. Till date, there are three types of production spar that had 

been built: Classic Spar, Cell Spar and Truss Spar. Related to this study, Truss Spar 

have a several horizontal plates and the lower part of it possess much lighter truss 

structure. The advantage of this Truss Spar, which made it more favorable to be, 

used that because it has the reduced current loadings on mooring. [5] 
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            Figure 6: Schematic drawing of Truss Spar 

 

 

2.2.    LONG-CRESTED WAVE 

 

Ocean wave and current is one of the biggest contributors to environmental 

loads. Thus, it will be a challenge for a floating structure to withstand against these 

forces. As for ocean waves, based on the wave propagation, it can be categorized by 

long-crested and short-crested wave. According to Roberts and Peregrine [6] Long-

crested waves are profoundly to be a two dimensional force of short-crested waves 

which acts in one direction. Unidirectional or 2 dimensional wave are the other name 

been used for long crested wave. Current offshore structure had been designed with 

environmental loads that take long-crested wave into account. Hogben and Cobb [7] 

mentioned that the common design practice of assuming that the waves can be 

described by unidirectional spectra could thus often be very misleading. It is in the 

form of one direction wave exerted force onto the structure without any forces 

counter back at the other side. The forces impact by the long-crested wave is in the 

worst-case scenario.  
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2.3.    SHORT-CRESTED WAVE 

 

In the real sea condition, the waves propagate from different directions subject to 

diffraction, deflection or even wind blowing from different at different place. It is 

merely impossible for real sea state to have one directional ocean waves, which bring 

in the adoption of short-crested wave as the real condition of the sea. Jian et al, [8] 

stated that the short crested-waves generated by winds reflects the real sea condition 

and will be much appropriate to be adopted for analysis. It is also complexly three-

dimensional waves [9]. When forces come from many directions, the net force is 

reduced compared to forces come from a single point.  

There will be a gap between short-crested wave and long-crested wave as force 

exerted by three-dimensional wave are believed to be smaller than the two 

directional waves [10]. Since 1970s, the directional wave spectrum, and vertical 

circular cylinder on short-crested waves had been studied for the analytical solution 

derived for short-crested diffraction along positive x-axis direction on a large circular 

cylinder [11]. The studies are closely related to the Truss Spar model. For design 

purposes, many studies had been done to come out the best design guide for 

environmental force friendly structure. Wind-generated sea and swell wave had been 

included in the modeling of an offshore structure due to parametric directional 

spectrum were introduced by Hogben and Cobb [7].  
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2.4.    OCEAN CURRENT 

 

Ocean current is a movement of seawater that is continuous and directed by the 

variety of forces acting on it. It holds a big role in the climate of many earth region in 

creating the Thermohaline Circulation [12] 

 

Figure 7: Global Flux of Ocean Current 

Current takes place in the few forces in the environmental loads for offshore 

structure. According to Taniguchi and Kawano [13] current gave a significant effect 

on offshore structure towards their response. Inclusion of wave-current structure 

interaction to evaluate the dynamic response of offshore structure would be very 

important. Current considered as an important environmental force is analyzing any 

responses for offshore structure. Depending to the incident angle, current does 

influences [8]: 

 Wave run-up 

 Wave frequency 

 Wave forces 

 Inertia Coefficient 

 Drag Coefficient 

Thus, considering current into the study is vital. 
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2.5.    PIERSON-MOSKOWITZ SPECTRUM 

 

Based on similarity theory of Kitaigorodskii with more accurate recorded data, 

Pierson and Moskowitz [14] proposed new formula for an energy spectrum 

distribution of a wind generated sea state. According to Chakrabarti [9] the P-M 

spectral model describes a fully developed sea determined by one parameter, namely, 

the wind speed.  

The P-M spectrum model is written as: 

 

𝑆(𝜔) =  𝛼𝑔2𝜔−5 exp [−1.25 (
𝜔

𝜔0
)

−4

] 

Where: 

𝛼 = 0.0081;  𝑔 = 9.80665;  𝜔 = 2𝜋𝑓; 𝜔0 = √0.161𝑔/𝐻𝑆;  𝑓 =  from 0.01 to 

0.50Hz 

 

An equivalent expression for P-M spectrum in terms of the cyclic frequency, 𝑓 =

𝜔/2𝜋 or 𝑓0 = 𝜔0/2𝜋 may be written as 

 

𝑆(𝑓) =  
𝛼𝑔2

(2𝜋)4
𝑓−5 exp [−1.25 (

𝑓

𝑓0
)

−4

] 

 

Other than P-M Spectrum, JONSWAP Spectrum is among the famous and 

widely used spectrum. In this study, P-M Spectrum had been chosen instead of other 

spectrum because P-M Spectrum has been extensively used and it can represents for 

waters all over the world [9]. In the other hand, JONSWAP for example, is 

developed during a joint North Sea wave project that may less be suitable to the 

Malaysian waters. 

 

(1) 

(2) 
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Figure 8: Differences Between P-M and JONSWAP Spectrum 

 

 

2.6.    MORISON EQUATION 

 

The Morison Equation was developed by Morison, O’Brien, Johnson and Shaaf 

(1950) in describing the horizontal wave forces. It is composed of two components, 

inertia and drag forces. In this equation it there is water particle velocity that taken 

from Linear Airy Wave Theory where it can be included or excluded ocean current. 

In situation where current is present with waves, the total water particle velocity 

will include steady current, U with the oscillatory component [9]: 

 

𝐹𝑡 = [𝐶𝑀 (
𝜌𝜋𝐷2

4
) �̇�] + [𝐶𝐷 (

𝜌𝐷

2
) |𝑢 ± 𝑈|(𝑢 ± 𝑈)] 

Where: 

�̇� =
2𝜋2𝐻

𝑇2

cosh 𝑘𝑠

sinh 𝑘𝑑
sin 𝜃 𝑢 =

𝜋𝐻

𝑇

cosh 𝑘𝑠

sinh 𝑘𝑑
sin 𝜃 

𝑈 = 𝑆𝑡𝑒𝑎𝑑𝑦 𝑂𝑐𝑒𝑎𝑛 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 

(3) 
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In including the ocean current it is either the ocean current flowing parallel or 

against the wave propagation. The +U is when the current flowing parallel and 

together with the ocean wave whereby –U is the other way around. As for excluding 

current, the equation would be: 

 

𝐹𝑡 = [𝐶𝑀 (
𝜌𝜋𝐷2

4
) �̇�] + [𝐶𝐷 (

𝜌𝐷

2
) |𝑢|(𝑢)] 

 

Where the �̇� and 𝑢 are the same. 

Wave forces were identified using this Morison Equation and later on the forces 

were used to compute the Response Amplitude Operator (RAO) 

 

 

2.7.    DYNAMIC PRESSURE 

 

With the involvement of dynamic pressure in water, the vertical forces can be 

identified, 

𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒, 𝑃 =
𝐹𝑜𝑟𝑐𝑒,𝐹

𝐴𝑟𝑒𝑎,𝐴
 

Thus, in identifying the forces, the dynamic pressure of water particle is: 

 

𝑃 = 𝜌𝑔
𝐻

2

cosh 𝑘𝑠

cosh 𝑘𝑑
𝑐𝑜𝑠𝜃 

 

 

 

 

 

 

 

 

(4) 

(5) 

(6) 
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2.8.    RESPONSE AMPLITUDE OPERATOR 

 

Transfer Function or Response Amplitude Operator (RAO) is a function of 

normalized response function constructed for a range of frequencies for any offshore 

structure. RAO can be written as: 

 

𝑅𝐴𝑂 = [
𝐹/(𝐻/2)

√[(𝐾−𝑚𝜔2)2+(𝐶𝜔)2]
]

2

 

Where: 

𝐹 = 𝐼𝑛𝑒𝑟𝑡𝑖𝑎 𝐹𝑜𝑟𝑐𝑒𝑠; 

𝐾 = 𝑆𝑡𝑖𝑓𝑓𝑛𝑒𝑠𝑠 𝑜𝑓 𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒; 

𝑚 = 𝑆𝑢𝑚𝑚𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑚𝑎𝑠𝑠; 

𝐶 = 𝑆𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑎𝑙 𝐷𝑎𝑚𝑝𝑖𝑛𝑔 𝑅𝑎𝑡𝑖𝑜: 

𝐻 = 𝑊𝑎𝑣𝑒 ℎ𝑒𝑖𝑔ℎ𝑡; 

𝜔 = 𝑛𝑎𝑡𝑢𝑟𝑎𝑙 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 

 

2.9.    COSINE POWER LAW 

 

The directional distributions of short-crested wave are described by a cosine 

power law [9].  It is the distribution of cosine-squared on the direction of Long-

Crested wave within the range of ±90°.  

𝑆(𝜔, 𝜃)𝑓(𝑥) = {
2

𝜋
𝑆(𝜔)𝑐𝑜𝑠2𝜃, −𝜋/2 ≤ 𝜃 ≤ 𝜋/2

0,  𝐸𝑙𝑠𝑒𝑤ℎ𝑒𝑟𝑒
 

 

Where 𝑆(𝜔) = P-M Spectrum 

The function of the frequency, 𝜔 and heading angle of waves or direction, 𝜃 is 
the energy density. 

 

 

 

 

(7) 

(8) 
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2.10.    WAVE PROFILE 

 

The pattern and trend of a wave can be visualized by generating this wave profile 

by time history. It can be determined from: 

 

𝜂(𝑥, 𝑡) = ∑
𝐻(𝑛)

2
𝑁
𝑛=1 cos[𝑘(𝑛)𝑥 − 2𝜋𝑓(𝑛)𝑡 + 𝜀(𝑛)] 

Where: 

𝐻(𝑛) = 𝐻(𝑓1) = 2√2(𝑓1) △ 𝑓 

(𝑓1) = 𝑆(𝑓) = 2𝜋𝑆𝑡𝑜𝑡𝑎𝑙  

𝜀(𝑛) = 2𝜋𝑅𝑁 

𝑅𝑁 = 𝑅𝑎𝑛𝑑𝑜𝑛 𝑁𝑢𝑚𝑏𝑒𝑟 

𝑡 = 𝑣𝑎𝑟𝑖𝑒𝑠 𝑓𝑟𝑜𝑚 0 𝑡𝑜 500𝑠 

 

2.11.    FREQUENCY DOMAIN ANALYSIS 

 

According to Kulkarni [15] frequency domain analysis is arguably the most far 

reaching among all the mathematical tools. It is widely used in many fields of 

engineering. Ocean wave, similar to electrical wave are either subjected to time or 

frequency domain in order to be analyzed. Within the scope of this study, there will 

be variety of ocean wave frequencies up to 0.5Hz. However, by frequency domain in 

the equations of motion, need to be replaced by linear approximations due to 

nonlinearities [16]. 

 

 

 

 

(9) 
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2.12.    CRITICAL LITERATURE REVIEW 

 

Current offshore design had been considering long-crested wave as the wave 

force. In improvising the efficiency of the design, most studies had been performed 

considering only wave (short-crested wave) without taking into consideration of 

ocean current 

The study performed in improving the research been done in associate with 

short-crested wave in inducing dynamic response to the Truss Spar model with 

taking current into consideration since it mentioned to gave a significant impact to 

the offshore structure by Taniguchi and Kawano [13]. 
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CHAPTER 3 

METHODOLOGY 

 

 

In order for this to success, there are few elements, steps and flow in achieving 

the objectives. 

 

3.1.    PROJECT WORKFLOW 

 

 

 

 

 

 

 

 

 

 

Figure 9: Final Year Project Workflow 

The project workflow above presents the overview of FYP methodology. The 

study is developed from study had been done related to dynamic response of Truss 

Spar due to environmental loads.  

Start 

Preliminary Studies 

Implementation of Simulation 

Analysis of Result 

Collection of Information 

End 

Discussion 
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3.1.1.       Preliminary Studies 

 

Study been done by Kurian et al, [11] proven that there is a gap between short 

and long-crested wave. The real sea condition of Short-Crested wave induces less 

force compared to Long-Crested wave. However, it is only the ocean wave were 

taken into consideration. The importance of ocean current had been highlighted in 

some other studies for the impact of offshore structure due to environmental forces. 

Therefore, by including the ocean current it is believed that the condition that close 

to real sea state giving the impact to the offshore structure can be achieved. The 

literature review done in the preliminary studies phase. The literature review 

mainly focusing on: 

 Understanding Short and Long-Crested wave 

 Impact of environmental loads onto offshore structure 

 Research that been done related to the study 

 Importance of ocean current to the impact of offshore structure 

 Spectrums and equations related to the study 

 Frequency domain for the numerical analysis 

 

 

Figure 10: Surge RAO due to long and short crested wave [11] 

 

In the Surge direction, by doing experiment and numerical analysis, short-crested 

wave gave a lower RAO compared to long-crested wave. 
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Figure 11: Pitch RAO due to long and short crested wave [11] 

In pitch motion, there are slight differences between short and long-crested wave 

where long-crested wave have less RAO at some frequency 

 

 

Figure 12: Heave RAO due to long and short crested wave [11] 

In Heave motion, huge difference can be seen on the lower frequency and 

there’s only small difference in a higher frequency 
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3.1.2.       Collection of Information 

 

Once already firm with the idea of studies, in the collection of information 

phase, all related data and parameters identified and analyzed. Parameters including 

the scaling of the Truss Spar model size, mass and other required information (e.g. 

Metocean data and equations) that needed for the numerical analysis. At the same 

time, the method of comparing short and long-crested were decided in this phase, 

which by comparing the time history wave profile.  

 

 

 

 

 

 

 

 

 

 

 

Figure 13: Truss Spar model used 
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3.1.3.       Implementation of Simulation 

 

The numerical analysis will be done using Microsoft Excel. Graph will plotted 

based on generated spectrum and the comparison will be made using the Wave 

Response Spectrum graphs. The variable data are; frequency, water depth (for Surge 

and Pitch motion); and time. Whereby the metocean and truss spar model data are 

constant. 

 

 

 

 

 

 

 

 

 

 

 

Figure 14: Flow of simulation and analysis of the study 

 

The analysis had been divided into two parts in order to generate the wave 

profile, which is the Wave Spectrum and Response Spectrum. Since it is comparison 

between short and long-crested wave with current, thus wave spectrum will have 

both short and long-crested wave. As per mentioned in the scope of study, this 

research would only review the 3 out of 6 degree of freedom, which is Surge, Pitch 

and Heave. 

For Response Spectrum, Morison and Dynamic Pressure had been used. Morison 

Equation used for both Surge and Pitch, as it will produce the horizontal force. Pitch 

at the other side adopted the pressure-area method to determine the vertical force. 

Once the forces been computed, the Response Amplitude Operator was calculated 

according to the frequency.  

Morison 
Equation 
(Surge, 
Pitch) 

Dynamic 
Pressure 
(Heave) 

P-M 
Spectrum 

(LCW) 

Cosine 
Power 

Law 
(SCW) 

Response 
Spectrum Wave 

Spectrum 

Response 
Amplitude 
Operator 

Wave Response 
Profile 

(Surge, Heave, Pitch) 
(LCW, SCW) 

Comparison 
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P-M Spectrum was considered in this study. The spectrum represented the long-

crested wave. As for Short-Crested wave, Cosine Power Law had been used as the 

spreading function to have a wave propagates from many direction.  The angle of 

wave propagates ranged from −90° to 90° with the increment of 10°.  

 With both Response and Wave Spectrum ready, the wave profile were 

generated and the profile of each long and short-crested wave will be displayed. The 

time history will require time from 0s to 500s to have a clear profile of the wave. 

 

 

Figure 15: Example of Wave Profile 

 

3.1.4.       Analysis of Result 

 

The comparison been made by visualizing the two lines of each wave 

profile. Comparing the maximum crest, minimum trough and the amplitude 

of the wave profile was analyzed. Percentage difference of both waves also 

were displayed. 

 

    

   Figure 16: Visualization of Crest, Trough and Amplitude 
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3.1.5.       Discussion 

 

The outcome of the result will be discussed whether it is reasonable 

and aligned with the research done. Any further recommendation in 

improving the study shall be discuss also. 

 

 

3.2.    GANTT CHART 

 

 No. 
Activities /Month 

(2014-2015) 
9 10 11 12 1 2 3 4 

          

1 
Preliminary Study & 

Literature Review 
                

2 Methodology Studies                 

3 
Collecting Information 
for Numerical Analysis 

                

4 
Implementation of 

analysis 
                

6 
Collecting and Analyze 

Result 
                

7 
Compilation and 
Finishing Report         

Figure 17: Gantt Chart 
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CHAPTER 4 

RESULTS AND DISCUSSION 

 

 

This project aims to compare dynamic responses of Truss Spar exerted by Short-

Crested Wave and Long-Crested Wave with current. The gap and differences 

between both ocean waves and efficiency of Short-Crested wave will be discussed in 

this chapter. 

4.1.     PARAMETER USED 

Below are the metocean and Truss Spar Model parameters that had been used for 

this numerical analysis. 

Table 1: Parameters used for numerical analysis 

Drag Coefficient Cd 1.60 
  

Ocean Current 

Inertia Coefficient Cm 0.65 
  

At surface 1.30 m/s 

Wave Height H 14.50 m 
 

0.5D 1.20 m/s 

Point of Depth z -2 to -90 m 
 

0.01D 0.70 m/s 

Centre of Gravity X 0 m 
    Water Depth d 1300.00 m 
 

Natural Period 

Gravitational Acceleration g 9.81 m/s2 
 

Surge 200.00 s 

Truss Spar Diameter D 30.00 m 
 

Pitch 50.00 s 

Truss Spar Mass M 51.62 M Kg 
 

Heave 30.00 s 

 

The metocean parameters are adopted from PETRONAS Technical Standard 

(PTS). Since Truss Spar commonly used for deepwater thus the water depth assumed 

should be more than 1000m. As for the natural period it specifically designed for 

Spar are 150s – 350s for Surge, 40s – 80s for Pitch and 25s – 40s for Heave [17]. 
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4.2.     WAVE SPECTRUM 

Waves composed of various lengths and periods. The spectrum of ocean wave is 

the simplification that comes close in describing the surface. It gives the distribution 

of wave energy among different wave frequencies of wavelength on the sea surface. 

4.2.1.     Long-Crested Wave 

Since this study will consider P-M Spectrum, the spectrum itself will represent 

the wave of long-crested wave.  

 

Figure 18: P-M Spectrum 

Above is the P-M Spectrum represents Long-Crested wave.  
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4.2.2.     Short-Crested Wave 

Cosine Power Law been used as a spreading function to have the wave 

propagates from many angles. For this study, the wave propagates with an 

increment of 10° ranging from −90° to 90°. 

 

 

Figure 19: Excel Spreadsheet data of Short-Crested Wave 

 

The Short-Crested wave also considering P-M Spectrum whereby it 

propagates and heading to and from different angle. It made the spectrum 

complex and three-dimensional. 
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Figure 20: Directional Spectrum as Short-Crested wave 

 

By comparing both of the wave spectrum (Directional and P-M Spectrum) it can 

be seen that P-M Spectrum that represents Long-Crested wave has a higher Spectral 

Density. This is because the wave force experienced by long-crested wave are the net 

force from one direction whereas the short-crested wave the force from many 

direction cancel each other resulted in lower net force. 

 

4.3.     RESPONSE SPECTRUM 

Response spectrum can be measured by the displacement, velocity or 

acceleration of a varying natural frequency that forced into motion. The response of 

Truss Spar due to waves and current are based on the force exerted by the 

environmental loads. 

 

4.2.1.     Surge 

In Surge direction, force is oriented in horizontal direction. Thus, the 

involvement of current would be necessary as current move horizontally. 

Comparison between with and without current will be made.  
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Since the numerical analysis will be in frequency domain, variety of wave 

frequency of wave will be analyzed. The forces identified by Morison Equation are 

subjected to time. So the highest force experienced will be used accordingly to the 

water depth. Then, by summing up all maximum forces according to depth, it will be 

the total forces experienced at certain wave frequency. Those total forces are used to 

calculate the Response Amplitude Operator (RAO) later on.  

 

Figure 21: Spreadsheet data on Surge Horizontal Forces 

The forces are identified for frequency ranging from 0.01Hz to 0.5Hz. 

 

3.1.1 Without Current 

By excluding current, the water particle velocity will be only considering the 

ocean waves. From the analysis done, we can see that at frequency 0.36Hz the 

structure will experience the highest force at the surface of the water (0m depth). 
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Figure 22: Horizontal Force without current at depth 0m and frequency 0.36Hz 

 

At the frequency 0.1Hz, the structure will experience the least force within the 

same depth. 

 

 

Figure 23: Horizontal Force without current at depth 0m and frequency 0.01Hz 

From the plotting of the horizontal forces, the trend of the forces according to 

time also different subject to wave frequency where the higher the frequency, there 

will be more waves in 100s time. 

-20000

-15000

-10000

-5000

0

5000

10000

15000

20000

0 20 40 60 80 100

F
o

rc
e,

 k
N

Time, s

Horizontal Force

0

10

20

30

40

50

60

0 20 40 60 80 100 120

F
o

r
c
e
, 
k

N

Time, s

Horizontal Force



 
29 

RAO 

 

 

Figure 24: RAO Surge Without Current 

 

3.1.2 With Current 

The water particle velocity included the ocean current velocity. The trend of 

forces by including current is almost the same with without current.  

 

 

Figure 25: Horizontal Force with current at depth 0m and frequency 0.36Hz 
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Figure 26: Horizontal Force with current at depth 0m and frequency 0.01Hz 

The horizontal forces of waves with current do exerted more load compared to 

without current. The differences of value are significant. So by excluding the ocean 

current would be dangerous for offshore design that considering short-crested wave. 

By considering short-crested wave rather than long-crested wave, there will be 

reduction in the design. 

RAO 

 

 

Figure 27: Surge RAO with Current 
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3.1.3 Difference in Considering Ocean Current 

 

 

Figure 28: Comparison with and without current for Surge 

 

From the comparison above we can see that ocean current does affect the RAO, 

where with ocean current, the RAO are slightly greater than without current. Thus, 

by excluding ocean current in the offshore structure design in considering Short-

Crested wave in the design code, the design would be insufficient and may be 

dangerous for the integrity if the structure, 
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4.2.2.     Pitch 

For the motion of Pitch, the moment of the structure been identified according 

the forces obtained in the Surge motions by multiplying with the moment arm from 

the center of gravity. In including and excluding the ocean current also would affect 

motion in Pitch. 

 

3.2.1 Without Current 

By excluding current, the horizontal forces would be the same in the surge 

motion and multiplied with the moment arm of the Truss Spar model. The trends of 

the graphs are the same. At frequency 0.36Hz giving greater moment and 0.01Hz the 

least. 

 

 

Figure 29: Moment without current at depth 0m and frequency 0.36Hz 
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Figure 30: Moment without current at depth 0m and frequency 0.36Hz 

 

RAO 

 

 

Figure 31: Pitch RAO without Current 
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3.2.2 With Current 

The trend will be the same for Pitch with ocean current. The values of moment 

are bigger at 0.36Hz and lowest at 0.01Hz within the same depth 

 

 

Figure 32: Moment with current at depth 0m and frequency 0.36Hz 

 

 

 

Figure 33: Moment with current at depth 0m and frequency 0.01Hz 
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By comparing with and without current for Pitch, the values of moment are 

bigger with ocean current compared to without current. The different affect by the 

horizontal force influences the different in moment motion of Pitch. 

 

RAO 

 

 

Figure 34: Pitch RAO with Current 
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3.2.3 Difference in Considering Ocean Current 

 

 

Figure 35: Comparison with and without current for Pitch 

 

The differences for Pitch also results the same with Surge as RAO with ocean 

current gave a bigger RAO compared to without current. 

 

4.2.3.     Heave 

Heave is influences by vertical forces. In determining the vertical force that exert 

onto the structure, the forces can be obtained from the Dynamic Pressure. Dynamic 

Pressure is the pressure acting at the bottom of the Truss Spar model. By multiplying 

with Area of contact at the bottom of Truss Spar model, the vertical forces can be 

identified. 
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Figure 36: Spreadsheet data on Heave Vertical Forces 

For heave, there will be variable of frequency since this analysis is in frequency 

domain. The time and distance to center of gravity also varies. Since the Truss Spar 

is geometrical shape of cylinder, thus the distance to center of gravity are 0 because 

it is located at the center of the cylinder of Truss Spar. 

Heave also not affected by ocean current that flowing in horizontal direction. So 

the comparisons between with and without ocean current will not being 

demonstrated for Heave motion. 
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Figure 37: Vertical Force at frequency 0.01Hz 

 

 

 

Figure 38: Vertical Force at frequency 0.36Hz 

 

The force trend for vertical force are different with the horizontal force where it 

experience the highest at a low frequency of 0.01Hz and the least force at 0.36Hz. 

The occurrence depth for this vertical force are the same for all time and frequency 

which at the bottom of the Truss Spar model. 
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RAO 

 

Figure 39: Heave RAO 

 

RAO for all three motions had been obtained to be used in generating wave 

profile. The RAO approaching 0 value when the frequency increase until 0.5Hz. The 

common trend of RAO is the same with the RAO obtained for all three motions. 
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4.4.     WAVE PROFILE 

To compare between long and short-crested wave, wave profile will be plotted 

and the differences between two waves can be displayed. The wave profile is 

displayed by time history of the wave. The time is ranging from 0s to 500s. 

 

4.2.1.     Surge 

 

 

Figure 40: Surge Wave Profile due to Long and Short-Crested Wave 

 

Long-crested wave yield greater responses compared to the responses due to 

short-crested wave. 
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4.2.2.     Pitch 

 

 

Figure 41: Pitch Wave Profile due to Long and Short-Crested Wave 

 

In the Pitch motion, the rotation experienced by the impact of wave and current force 

is greater in long-crested wave with current compared to short-crested wave with current. 

The difference in horizontal between long and short-crested wave cause the difference in 

the moment in this motion. 

The Truss Spar model tends to tilt more when long-crested wave with current hit the 

structure. Thus, the real sea condition of short-crested wave with current won’t give such 

a big impact onto the structure where it is lower. It is because the resultant force 

experienced in short crested wave are lower due to force come from different direction 

rather than one direction of long-crested wave resulted in greater response. 
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4.2.3.     Heave 

 

 

Figure 41: Heave Wave Profile due to Long and Short-Crested Wave 

 

The heave responses give the same trend as the surge responses. Long-crested 

wave yield greater responses at the bottom of the structure compared to short-

crested wave. 

In a nutshell, all three motions of Surge, Pitch and Heave shows that long-

crested wave with current does induced greater dynamic responses compared to 

short-crested wave with current. Whereby design using long-crested wave will be 

overestimate for the structure members.  

Based on the result obtained, there are huge differences in considering long to 

short-crested wave with current. This shows that in the design of offshore 

structure in would be not cost-effective and overdesign if long-crested wave were 

considered rather than short-crested wave. 
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Table 2: Summary of Difference between Short and Long-Crested Wave 

Comparison 

  
LCW SCW % Diff 

Surge 

Max Crest (m) 2.31 1.27 45.09 

Min Trough (m) -1.83 -1.00 45.09 

Amplitude (m) 2.07 1.14 45.09 

Pitch 

Max Crest (m) 2.50 1.38 45.09 

Min Trough (m) -2.00 -1.10 45.09 

Amplitude (m) 2.26 1.24 45.09 

Heave 

Max Crest (m) 3.80 2.09 45.09 

Min Trough (m) -4.23 -2.32 45.09 

Amplitude (m) 4.02 2.21 45.09 

 

The percentage different of the short and long-crested wave is up to 45%. By 

reducing the member size and design by 45% could save huge cost for constructing 

the structure that can be spend for more important things.  
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CHAPTER 5 

CONCLUSION AND RECOMMENDATION 

 

 

As conclusion, the aim of this study is to quantify the effect of dynamic 

responses induced by short-crested with the presence of ocean current. The study, 

proven that ocean current also plays a big role as the environmental load that 

would affect the dynamic response of the structure. Wave without current 

response yield smaller compared to waves with current, thus it will be 

insufficient to design and far from close to real sea condition. 

Coming back to the main focus of this study, short-crested wave with current 

which represented the real sea condition does induces smaller response compared 

to long-crested wave that currently use in the design practice. A comparison on 

the motion response profile subjected to both long and short-crested waves was 

conducted.  From the comparison, maximum differences about 45% were 

observed. 

In economic perspective, designing accordingly to short-crested wave with 

current that suits real sea condition would save the expenditure and cost-

effective. By reducing the member size, the cost can be spending to other thing 

that is more important. 

On the other hand, it is recommended to further study on this by including the 

wind load as the environmental forces consist of wave, current and wind load. 

Future work also can include the remaining 3 motions, which is Sway, Roll and 

Yaw because Short-Crested wave propagated from all direction. Furthermore, 

other Spectrum can be considered into the study that suits the region and location 

to be focused on. 
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APPENDICES 

 

APPENDIX 1: COMPARISON OF LONG AND SHORT CRESTED 

     WAVE DATA 

 

APPENDIX 2: PITCH AND SURGE WITH AND WITHOUT 

                         CURRENT COMPARISON  

 

APPENDIX 3: TRUSS SPAR MODEL 

 

 

 


