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Abstract 
 

Real-life experimental models take a lot of time and monetary resources to construct 

and run. These set-ups are expensive and inflexible, requiring a new model to be built 

for differing conditions. The oil and gas industry requires fast and accurate testing of 

certain models such as production platform, e.g. SPAR Platforms. 

 

This research attempts to construct a simulation model that replicates the wave 

reactions of deep-water floating SPAR Platforms. This study also aims to build a clear 

correlation between varying wave amplitude, water depth and wave frequency to the 

wave impact pressure of deep-water SPARs.  

 

This study shall be carried out first by simulating a few validation examples using the 

Smoothed Particle Hydrodynamics Model. Once validation has been completed, the 

simulation model for the SPAR Platform shall be constructed using the SPH model.  

The simulation results are then processed using post-processing routines such as 

ParaView and Matlab to predict the flow of the fluid and the angular pitch of the SPAR 

Platform. 

 

At the end of the simulations, the wave impact pressures and fluid motion can be 

accurately predicted using the Smoothed Particle Hydrodynamics model constructed. 

This would save oil and gas companies time and money by not having to construct 

real-time experimental set-ups to test new rigs and production platforms. 
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Chapter 1  

Introduction 

 

1.1 Background of Study 

 

Production of oil and gas in the oceans requires offshore platforms or structures. 

Offshore structures come in various form factors ranging from fixed jacket platforms 

to floating semi-submersibles and Floating Storage and Offloading vessels (FPSO). 

Offshore structures are generally defined as structures that are installed in the oceans 

to exploit oil and gas reserves extracted from the subsea surface. As illustrated in 

Figure 1, there are several types of offshore structures utilized today depending on 

wave conditions, water depth and future field development. 

 

 

 

 

 

 

 

  

 

Figure 1 Types of Offshore Structures 
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Each and every offshore structure is unique in terms of its dimensions and oceanic 

conditions that it is designed for. Therefore, it is vital for the wave impact pressures to 

be simulated when designing and installing offshore structures (De Chowdhury & 

Sannasiraj, 2013). Simulating offshore models in controlled environments can reduce 

costs of real-time operational failure costs and prevent catastrophic asset losses in the 

field. Simulation of nonlinear wave patterns can be carried out by two methods; 

Smoothed Particle Hydrodynamics (SPH) by Gingold and Monaghan (1977) and 

Moving Particle Semi-Implicit Method (MPS) by Koshizuka and Oka (1996). 

 

Simulations using the Smoothed Particle Hydrodynamics method (SPH) can help 

designers understand the potential risks and forces acting on the offshore structure 

during installation and throughout its service life.  

 

1.2 Problem Statement 

 

Offshore floating structures such as semi-submersibles, gravity base structures and 

spars are constantly subjected to forces due to wave loadings. Extreme wave loading 

on buoys has been simulated using the SPH method by previous researchers 

(Campbell, Vignjevic, & Patel, 2008). Extreme wave loading can lead to platform 

instability due to extreme wave heights and green-water accumulation on topside deck. 

However, there is an absence of research on the effect of extreme wave loading on the 

angular pitch of complex offshore floating structures such as SPARs in South East 

Asia (Campbell et al., 2008). 
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1.3 Objectives and Scope of Study 

 

1.3.1 Objectives 

 

 To validate the Smoothed Particle Hydrodynamics Method for project use. 

 To construct a simulation model that replicates the wave reactions of deep-

water floating SPAR Platforms 

 To identify a relationship between varying wave amplitude, water depth and 

wave frequency to the angular pitch of deep-water SPARs. 

 

1.3.2 Scope of study 

 

In this paper, a numerical investigation of the structural responses of offshore floating 

structures subject to extreme wave loadings is presented. The results shall be validated 

against the data from experiments conducted by Pablo A. Caron (2015) and Ozmen-

Cagatay and Kocaman (2011). Only highly non-linear waves following wave 

conditions in Asia-Pacific shall be studied in the paper. 
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Chapter 2  

Literature Review 

2.1 Offshore floating structures 

 

In the oil and gas industry, offshore floating structures are defined as floating 

structures that maintain their position on the sea surface through the means of 

buoyancy and as such are used for the exploration, drilling, production, processing and 

storage of oil and gas production fluids. Offshore floating structures are common in 

water depths of more than 1700 ft or 520 m as fixed platforms are non-feasible in terms 

of cost (Karsan, Valdivieso, & Suhendra, 1986). 

 

2.2 Types of offshore floating structures 

 

2.2.1 Floating Production, Storage and Offloading Vessels (FPSO) 

 

Floating production, storage and offloading vessels also known as FPSOs are shipping 

tankers converted into oil and gas production facilities which may include onboard 

processing of the production fluids, which are subsequently stored onboard for 

offloading onshore (Mastrangelo & Henriques, 2000). FPSOs are an extremely 

popular choice for developing marginal, fast-track, deep-water fields in areas of the 

ocean where it would not be feasible to construct pipelines (Knowles, Selwa, & 

Bankes, 1999). 
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2.2.2 Semi-submersibles 

 

Semi-submersibles are offshore floating platforms generally with a submerged 

pontoon which provides buoyancy to the platform while thrusters subsea provide thrust 

to maintain the structure in its position from six degrees of freedom. As illustrated in 

Figure 2, the semi-submersible is similar to a ship in terms of how it maintains its 

trajectory and location.  

 

 

 

 

 

 

 

 

2.2.3 SPAR Platforms 

 

Spar platforms are cylindrical floating structures moored to the seabed using vertical 

or catenary lines. Spar platforms are extremely versatile in deep-water production 

applications, especially in the Gulf of Mexico (Islam, Jameel, Jumaat, Shirazi, & 

Salman, 2012). One of the Spars used in the South East Asia region is the Kikeh Spar 

in Malaysia. Spars are categorized into 2 basic types; Classic Spar and Truss Spar. As 

illustrated in Figure 3, Spars generally have a cylindrical build.  

 

 

 

 

 

 

 

 

Figure 2 Semi Submersible Platform 

(Haselton, 1976) 

Figure 3 Typical Spar Platform Build 

(Narold, Willemse, & Brenninkmeijer) 
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2.3 Wave loading on offshore floating structures 

 

Extreme wave loading and green water loading are the major causes of damage to 

offshore floating structures used in the oil and gas industry (Buchner & Bunnik, 2007; 

Campbell et al., 2008; Cao & Wan, 2012; Guilcher, Couty, Brosset, & Le Touzé, 2012; 

Jian, Liang, & Shao, 2011; Thilleul et al., 2015). Extreme waves are extremely hard 

to predict and are a serious threat to offshore activities such as drilling and oil 

production (Cao & Wan, 2012).Conventionally, extreme wave and green water 

loading simulations are done using real-time models equipped with wave probes and 

accelerometers in wave tanks, however software analyses can help to reduce the 

number of models required for wave tank testing by helping researchers understand 

the general structural response to extreme waves (Rudman & Cleary, 2009). 

 

 

2.4 Software-aided simulation methods  

 

Computer aided engineering is a fundamental part of modern engineering. Computer 

simulations are able to calculate vast number of scenarios in a short number of time, 

saving precious resources used in futile real-time simulations. Computer simulations 

help researchers narrow down on the appropriate test models for real-time testing, 

saving cost and manpower (Rudman & Cleary, 2009). There are several types of 

simulation methods used however only Smoothed Particle Hydrodynamics (SPH) 

shall be used in this study as it presents researchers with a mesh less solution to 

complex fluid problems with dynamic boundaries (Campbell et al., 2008; Ma, Yan, 

Zhou, Duan, & Zheng, 2009). 
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2.4.1 Smoothed Particle Hydrodynamics (SPH) Method 

 

Smoothed Particle Hydrodynamics (SPH) is a numerical method used for the 

approximate integration of the governing partial differential equations of continuum 

mechanics (Campbell et al., 2008; Gingold & Monaghan, 1977). It was originally 

developed by Gingold and Monaghan (1977) for the use in astrophysics. Since then it 

has been adapted for various uses, mainly for providing a Lagrangian method for 

calculating derivatives without a computational mesh. The SPH method has been used 

in studies of wave impact pressures, structural responses to wave loadings and sloshing 

of fluids in LNG tanks. The use of SPH schemes has been popular in the research of 

free surface flows with very large and rapid deformations. 

 

2.4.2 Governing Equations 

 

The Smoothed Particle Hydrodynamics (SPH) method is based on a technique called 

integral interpolation (Jian et al., 2011).The fluid domain is comprised of a finite 

number of separate particles. 

 

 

With the kernel function included: 

 

 

Where f is a function of the position vector and Ω is the integral volume that contains 

x. 
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2.4.3 Weakly Compressible SPH algorithm 

 

The governing equations for a viscous fluid model are given as below: 

 

 

 

 

    

  

Where ū is the Reynolds averaged velocity field, 𝑝̅ is Reynolds averaged pressure field, 

υ is the kinematic viscosity and 𝐹𝑒 is the external body force. 

 

Equation of state to approximate fluid in the weakly compressible SPH: 

 

 

Where 𝑝0 is the nominal water density of 1000 kg/m3 while B is defined as 𝑝𝑜𝐶𝑠
2/γ. γ 

is the adiabatic factor assumed as 7. Cs is the assumed numerical speed of sound in the 

medium. 

 

2.4.4 Kernel Function Approximation in SPH 

 

In order to change the Partial Differential Equations of the problem to an equivalent 

particle interaction model in the form of Ordinary Differential Equations, a distribution 

function is interpolation from the surrounding set of neighboring points. This function 

is known as the kernel function. In this paper, the renormalized Gaussian is used. 

  

Equation 2 Equation of State 

in WCSPH 

Equation 1 Navier Stokes Equations in 

WCSPH 
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2.4.5 Artificial Viscosity 

 

In Smoothed Particle Hydrodynamics, artificial viscosity is introduced by Gingold and 

Monaghan (1977). 

 

 

Equation 3 Artificial Viscosity 

 

Artificial viscosity may degrade the results in non-violent cases but has little effect on 

the results in violent cases such as extreme waves. 

 

2.5 Effect of Relative Wave Height and Air Gap to the Wave Impact Pressure 

 

 

Figure 4 Comparison of Normalized peak pressure with experiments 
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Referring to Figure 4, scattered points are experimental data and the solid curve is 

numerical results. There is a scattering of data from experimental results showing the 

complexity of obtaining a consistent result for all cases. The computational results 

envelop the experiment data may be caused by the energy losses due to turbulence as 

they are not considered in the numerical model.  

 

 

Figure 5 Impact Peak Pressure P_p/ρgd with H/d and s/d (Wang, 1996) 

 

The impact peak pressure Pp/ρgd with H/d and s/d is as shown in Figure 5. The impact 

pressure increases with increasing relative wave height. 

2.5.1  Effect of Wave Height on the Wave Impact Load to the Platforms 

 

Figure 6 Peak force versus wave height 

[Fx = horizontal load, Fz = vertical load] (Lubeena & Gupta, 2013) 



11 

 

 

Figure 6 shows the peak force on the column and deck of the platform structure for 

different wave height. It also shows the total horizontal and vertical forces exerted on 

the platform. The wave impact force exerted greater vertical load to the platform than 

the horizontal load. 

 

Figure 7 Horizontal Force 
𝑭𝒙

𝝆𝒈𝒅𝟐with H/d and s/d 

(Wang, 1996) 

Wang (1996) ran simulations to simulate the horizontal force and vertical force on the 

platform by varying the relative wave height and relative gap. The results as shown in 

Figure 7 and Figure 8 show that the forces on the platform increase with increasing 

relative wave height. 

 

Figure 8 Vertical Force 
𝑭𝒚

𝝆𝒈𝒅𝟐 with H/d and s/d 

(Wang, 1996) 
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Chapter 3  

Methodology  

3.1 FYP Gantt Chart & Project Key Milestones 

* ● denotes  

     key milestones 

 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Topic Selection

Background Study /  Literature Review

Parameter Identification

Defining Project Scope

Familiarization with SPHysics code, Fortran and 

MATLAB

Simulation  Model Development

Initial simulation by varying parameters

Preliminary simulation results

Investigate the correlation between different 

magnitude of waves with structural response of 

floating structure

Analyze the structural response of floating 

straucture

Simulation by varying wave  loading conditions

Result validation & final analyses

Synthesizing project conclusions

FYP I

S
e

m
e

st
e

r 
B

re
a

k

FYP II                                                                                     Week 

Number
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3.2 FYP Flowchart 

Extreme Wave Modeling using Smoothed 

Particle Hydrodynamics (SPH) codes 

Model Simulation using ParaView 

1. Simulation of wave-structure interaction with variation of wave 

amplitude, water depth and wave frequency. 

2. Simulation of the correlation of wave amplitude, wave 

frequency and water depth to the angular pitch of the platform. 

Result Validations 

Analyses 

Conclude the investigated correlation of wave 

amplitude, wave frequency and water depth on 

angular pitch of platform 

Define problem 

Background Study & Literature Review 

 Oceanography and wave pattern 

 Wave-structure interaction 

 Common offshore structure design in 

Malaysia 

Wave impact on Cylindrical Block Modeling Considerations 

1. Fixed parameters 

 Water density 𝜌 = 1𝑔/𝑐𝑚3, kinematic viscosity 𝑣 =

0.01002𝑐𝑚2/𝑠 

 Dimension of cylindrical block (spar platform leg) 

 Iteration convergence criterion, 𝜀 = 0.1 

 

2. Variable parameters 

 Wave amplitude, water depth, wave frequency 
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3.3 Validation Example 1 : Dam Break with Trapezoid Obstacle 

 

In order to prove that the designed SPH model is able to simulate real-time conditions 

to a considerable accuracy, validation of the SPH model is required. This is done by 

comparing the data obtained from real-time experimental data and simulation data 

from SPH model calculations. 

 

A model simulating a dam break condition is simulated using the SPH model while a 

real-time wave tank with a dam-break mechanism set-up was utilized.  

 

 

  

 

 

 

 

 

 

 

 

3.3.1 Initial and Boundary Conditions 

 

The dimensions of the experimental set-up area as shown in Figure 9. As for the 

simulation set-up, the dimensions of the fluid domain for the SWE model is 8.9m long 

and 0.5m high. The fluid column to be initially 4.65m long by 0.25m high. A 

trapezoidal shape of 0.075 m high and 1 m base length is located 1.53 m downstream 

from the plate. The lower boundary was defined as a wall and the upper boundary as 

symmetry to allow atmospheric effects on the free surface. The channel sidewalls were 

assumed symmetry to imply no flux and shears. All surfaces are assumed smooth 

(Ozmen-Cagatay & Kocaman, 2011). 

Figure 9 The Experimental Set-up of Dam Break Mechanism 

(Ozmen-Cagatay & Kocaman, 2011) 



15 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As illustrated in Figure 10, the experimental data obtained is then compared with the 

simulation data for validation. This approach can be utilized to validate other SPH 

models by modifying the experimental set-up and SPH model conditions and input 

parameters. 

 

 

Figure 10 The computed surface profiles at different points 

of time 

 (Ozmen-Cagatay & Kocaman, 2011) 
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3.4 Validation Example 2 : Dam Break Flow 

 

The second validation example is a simple dam break flow problem. The simulation 

model is constructed in accordance with a real life experimental set-up carried out by 

Pablo A. Caron (2015). 

 

The following figure shows the experimental set-up: 

 

 

Figure 11 Experimental Set-up (Pablo A. Caron, 2015) 

 

The water in the reservoir behind the gate is released when the gate is lifted up rapidly. 

A high speed camera is then used to take high speed photographs of individual 

timeframes of the water flow. 

  

The individual timeframes are shown in the figures below: 

 

 

Figure 12 Dam Break at t=0.1 sec 
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Figure 13 Dam Break at t=0.2 sec 

 

Figure 14 Dam Break at t=0.3 sec 

 

Figure 15 Dam Break at t=0.4 sec 

‘  

Figure 16 Dam Break at t=0.5 sec 

 

Figure 17 Dam Break at t=0.6 sec 

 

Figure 18 Dam Break at t=0.7 sec 
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Figure 19 Dam Break at t=0.8 sec 

 

Figure 20 Dam Break at t=0.9 sec 

 

Figure 21 Dam Break at t=1.0 sec 

 

The simulation model is then constructed with the exact dimensions and parameters as 

the experimental set-up and is run to match the timeframes selected in the paper by 

Pablo A. Caron (2015). 
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3.5 Development of Simulation Model 

3.5.1 Model 1 (Sloped Shoreline) 

 

The development of the 2D simulation model shall be based on Figure 22. The 

simulation shall be done with particle generation using the Smoothed Particle 

Hydrodynamics (SPH) model where the programming is done in the FORTRAN and 

Visual C++ language. This simulation utilizes the DualSPHysics platform. The 

following variables shall be changed during the simulation process: 

 Wave Amplitude of Piston-Flap. V 

 Water Depth, d 

 Wave Frequency, f 

 

 

Figure 22 Proposed Model for SPAR Platform Simulation 

 

 

Figure 23 Generated Solution Domain for SPAR Platform Testing 
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Figure 24 3D View of the SPAR Simulation Model 

 

The main difficulties experienced during the development of this model are: 

 

 The spacing used can affect the accuracy of the model. Spacing that are too 

small could also result in simulation times that are too long due to the high 

number of particles generated. 

 The boundary conditions defined for the floating cylinder are dissimilar 

from conventional shapes such as boxes and cuboids. In order to obtain a 

good representation of the cylinder that does not leak, the lattice structure 

of the cylinder needs to be defined differently.  
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Chapter 4  

Results & Discussion 

4.1 Validation Results 

 

4.1.1 Validation Example 1 (Dam Break with Trapezoid Obstacle) 

 

The Smoothed Particle Hydrodynamics model was used to simulate the validation 

example experiment carried out. The following conditions were utilized: 

 

This simulation for the validation example utilizes a Wendland kernel function 

without any kernel corrections. Each and every time step follows the Predictor-

corrector algorithm with a max time runtime of 5.1 seconds and readings taken at 

every 0.02 second interval.  

 

The simulation utilizes an artificial viscosity function with the main characteristics 

of the model derived from the Tait’s Equation of State. The boundary conditions 

defined in this model are based on the Dalrymple forces without any filters used.  

 

The geometry of the zone was defined as a box with the dimensions of 8.9 m x 0.7 

m. The initial fluid structure was defined as a cube with dimensions of 4.65 m x 

0.25 m with a spacing of 0.02 m for both x and y axes.  

 

A trapezoidal obstacle was defined in the model with dimensions of 1.0 m base 

and 0.08 m in height. This was placed 1.53 m in front of the gate of height 0.34 m. 

 

The model utilizes a double precision. The compiler used for this model is the 

Silverfrost FTN95.  
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The CaseN.txt file was utilized to input data into the SPHysicsgen_2D file to 

generate the objects required for the real-time simulation program of 

SPHysics_2D. The SPHysicsgen_2D program generated a number of files 

including: 

 INDAT file 

 IPART file 

 Matlabin file 

 Obstacle file 

 Precision_kind.2D file 

 SPHYSICS.mak file 

 Tsunami_Landslide file 

 Wavemaker file 

 Gate file 

 Floating_bodies file 

 Normals.init 

Using these files generated by the SPHysicsgen_2D program, the SPHysics_2D file is 

compiled using the information provided in the SPHYSICS.mak file to ensure that the 

object resources are compiled properly into the executable file. 

 

The executable file (modelrun1.exe) was then run to generate PART_000N files for 

each and every time interval of 0.02 seconds according to the duration specified in the 

CaseN.txt file.  

 

The PART_000N files are then used to generate plots using a software known as 

GnuPlot to visualize the motion of the fluid in the domain specified. 
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The simulation results for the validation example are as follows: 

 

 

Figure 25 Wave height (m) vs Distance from gate (m) (Simulation vs Experiment) at Time 

= 2.5 sec 

 

 

Figure 26 Wave height (m) vs Distance from gate (m) (Simulation vs Experiment) at Time 

= 3.0 sec 

 

 

Figure 27 Wave height (m) vs Distance from gate (m) (Simulation vs Experiment) at Time 

= 3.26 sec 

 

Figure 28 Wave height (m) vs Distance from gate (m) (Simulation vs Experiment) at Time 

= 3.54 sec 
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Figure 29 Wave height (m) vs Distance from gate (m) (Simulation vs Experiment) at Time 

= 3.66 sec 

 

 

Figure 30 Wave height (m) vs Distance from gate (m) (Simulation vs Experiment) at Time 

= 3.80 sec 

 

 

Figure 31 Wave height (m) vs Distance from gate (m) (Simulation vs Experiment) at Time 

= 5.00 sec 

 

It can be observed from the plots generated through the validation example, the 

trapezoid induces a wave propagating backwards towards the source of the 

wave. This closely replicates the data from the validation example carried out 

by Ozmen-Cagatay and Kocaman (2011). The average percentage error for all 

the graphs is 6.954%. This is less than 10% and can be accepted. 
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4.1.2 Validation Example 2 (Dam Break Flow) 

 

 

Figure 32 2D View of Dam Break Flow at time = 0.0 sec 

 

The experimental set-up was modelled using the Smoothed Particle Hydrodynamics 

Method to determine whether the SPH method could replicate real-life experimental 

results. 

 

This simulation for the validation example utilizes a Wendland kernel function without 

any kernel corrections. Each and every time step follows the Predictor-corrector 

algorithm with a max time runtime of 1.0 seconds and readings taken at every 0.02 

second interval.  

 

The simulation utilizes an artificial viscosity function with the main characteristics of 

the model derived from the Tait’s Equation of State. The boundary conditions defined 

in this model are based on the Dalrymple forces without any filters used.  

 

The geometry of the zone was defined as a box with the dimensions of 0.42 m x 0.44 

m. The initial fluid structure was defined as a cube with dimensions of 0.114 m x 0.228 

m with a spacing of 0.01 m for both x and y axes.  The Aspect ratio of this set-up is 2. 

 

Y
-A

x
is

 

X-Axis 

0.114 m 

0.228 m 

Time = 0.0 sec 



26 

 

The model utilizes a double precision. The compiler used for this model is the 

Microsoft Visual C++ compiler utilizing the Nvidia CUDA toolkit.  

  

First, the Case_Floating_2D.xml file, which is lines of Visual C++ code is edited to 

change the case to fit our requirements for the simulated model. The GPU.bat file is 

then run to execute the instructions in the .exe files of the DualSPHysics package. The 

GenCase package then generates case files that are processed to generate part files. 

These part files are then packaged into vtk or Visualization Toolkit files for results 

visualization. 

 

The figure below shows the flow of a typical DualSPHysics simulation. 

 

Figure 33 Protocol of DualSPHysics simulations 

 

The .VTK files are then visualized using the ParaView program. The ParaView 

program is a powerful visualization and data analysis tool used by most researchers 
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around the world as it is able to visualize contours and vectors of massive amount of 

particles. This tool is especially useful for DualSPHysics visualizations as the number 

of particles are in the order of magnitude of 106. 

 

The visualization of the results obtained from the simulation are shown in the figures 

that follow: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 34 Visualization of Dam Break 

using ParaView at Time = 0.1 sec 
Figure 36 Comparison between Simulation 

and Experimental Dam Break at Time = 0.1 

sec 

Figure 35 Visualization of Dam Break 

using ParaView at Time = 0.2 sec 

Figure 37 Comparison between Simulation 

and Experimental Dam Break at Time = 0.2 

sec 
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Figure 38 Visualization of Dam Break 

using ParaView at Time = 0.3 sec 

 

 

Figure 39 Visualization of Dam Break 

using ParaView at Time = 0.4 sec 

 

 

Figure 40 Visualization of Dam Break 

using ParaView at Time = 0.5 sec 

 

 

 

Figure 41 Comparison of Simulation and 

Experimental Dam Break at Time = 0.3 

sec 

 

Figure 42 Comparison of Simulation and 

Experimental Dam Break at Time = 0.4 

sec 

 
Figure 43 Comparison of Simulation and 

Experimental Dam Break at Time = 0.5 

sec 
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Figure 44 Visualization of Dam Break 

using ParaView at Time = 0.6 sec 

 

 

Figure 45 Visualization of Dam Break 

using ParaView at Time = 0.7 sec 

 

 

Figure 46 Visualization of Dam Break 

using ParaView at Time = 0.8 sec 

 

 

 

Figure 47 Comparison of Simulation and 

Experimental Dam Break at Time = 0.6 

sec 

 

Figure 48 Comparison of Simulation and 

Experimental Dam Break at Time = 0.7 

sec 

 

Figure 49 Comparison of Simulation and 

Experimental Dam Break at Time = 0.8 

sec 
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Figure 50 Visualization of Dam Break 

using ParaView at Time = 0.9 sec 

 

Figure 51 Visualization of Dam Break 

using ParaView at Time = 1.0 sec 

 

 

Figure 52 Comparison of Simulation and 

Experimental Dam Break at Time = 0.9 

sec 

 

Figure 53 Comparison of Simulation and 

Experimental Dam Break at Time = 1.0 

sec 

 

The visualization of the simulation is converted into data points using a Matlab plugin 

known as Grabit.m. This Matlab plugin enables users to define values of axes on a 

photograph or image. After defining the range of the axes, the user is able to grab 

points from the image, showing values of the points grabbed. The experimental results 

are grabbed from the images taken by the high speed camera from research done by 

Pablo A. Caron (2015) as shown in Figures 12 - 21. 

 

These points are then plotted into an Excel file in order to build the graphs that are 

seen on the right side of the pages 28 - 31.  

 

As observed from the figures, the first five timeframes, t= 0.1 sec – 0.5 sec show fairly 

high similarities to the experimental data with very low errors in accuracy and 

consistency.  

 

However, as the fluid propagates back from the gush up, the fluid starts to behave very 

violently from t= 0.6 sec – 1.0 sec. This violent nature of the fluid flow makes 
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extracting the data from the simulation extremely difficult and errors in this time 

region are significantly higher than the average error for the first five timeframes.  

 

However, even with the violent behavior of the water from 0.6 sec – 1.0 sec, the 

average error for the entire simulation when compared to the experimental results has 

been calculated as 9.28%.  

 

This error is considered to be relatively low considered that the errors are calculated 

by taking 10 points from the experiment and simulation and compared to each other 

to find the percentage error. The error is then averaged out by 10 timeframes 

representing 10 sets of data. 

 

Therefore, it can be verified and concluded that the Smoothed Particle Hydrodynamics 

method can be used to closely simulate fluid flows and movements, even violent and 

turbulent ones given a high precision of parameters and high number of particles 

defined. 
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4.2 Simulation of SPAR Platform on a Beach or Sloped Seabed 

 

 

 

Figure 54 Generated Model for SPAR Platform simulation 

 

 

Figure 55 3D View of Generated Spar Platform on Sloped Seabed 

 

This model was generated using the conditions as follows: 

 

This simulation for the validation example utilizes a Wendland kernel function without 

any kernel corrections. Each and every time step follows the sympletic algorithm with 

a max time runtime of 3.5 seconds and readings taken at every 0.1 second interval.  
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The simulation utilizes an artificial viscosity function with the main characteristics of 

the model derived from the Tait’s Equation of State. The boundary conditions defined 

in this model are based on the repulsive forces without any filters used.  

 

The geometry of the zone was defined as a beach. The initial fluid structure was 

defined as a cube with dimensions of 4.75 m x 0.35 m with a spacing of 0.01 m for 

both x and y axes.  

 

The beach was defined with an inclination of 4.2364 degrees. A wave maker was 

defined on the far left of the model with a piston.  

 

A floating body is defined in the model as a square cylinder of dimensions 0.08 m 

(height) x 0.03 m (radius). 

 

The model utilizes a double precision. The compiler used for this model is the 

Microsoft Visual C++ compiler utilizing the Nvidia CUDA toolkit.  

  

First, the Case_Floating_2D.xml file, which is lines of Visual C++ code is edited to 

change the case to fit our requirements for the simulated model. The GPU.bat file is 

then run to execute the instructions in the .exe files of the DualSPHysics package. The 

GenCase package then generates case files that are processed to generate part files. 

These part files are then packaged into .vtk or Visualization Toolkit files for results 

visualization. 

 

The .VTK files are then visualized using the ParaView program. The ParaView 

program is a powerful visualization and data analysis tool used by most researchers 

around the world as it is able to visualize contours and vectors of massive amount of 

particles. This tool is especially useful for DualSPHysics visualizations as the number 

of particles are in the order of magnitude of 106. 

 

In this simulation, the fluid is converted from individual particles into a surface using 

the ISOSURFACE toolkit in the software for easier visualization and data analysis 

using Matlab Grabit. 
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This simulation was carried out by varying three main parameters; wave amplitude, 

wave frequency and water depth. 

 

The values of the main parameters used are as shown in the table below: 

 

Table 1 Parameters for Simulation 

Input Parameters Simulation 

Model Scale ratio   1:6040 

Water depth utilized (m)  0.10,0.14,0.18 

Wave amplitude of piston-flap, V (°) 20, 30. 40 

Equation of State Tait’s equation 

𝜌𝑤𝑎𝑡𝑒𝑟 (kg/𝑚3) 1000 

Boundary condition Dalyrymple Repulsive 

force 

Coefficient of friction, floating body 0.2 

Floating body dimension  

LX, LZ (m) 

0.06,0.08 

Relative weight of SPAR 

(
𝜌𝑜𝑏𝑗𝑒𝑐𝑡

𝜌𝑤𝑎𝑡𝑒𝑟
⁄ ) 

1.0 

Seabed slope angle, 𝜃 (°) 4.3 

Coefficient of speed of sound 10 

Frequency of wave (waves/sec) 1.0, 1.5, 2.0 

Particle spacing (dx,dz) 0.02,0.02 

 

 

Figure 56 SPAR Platform Dimensions 
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4.3 Effect of Varying Water Depth on Angular Pitch of SPAR 

 

 

Figure 57 Reference Line for Initial Positions of SPAR 

 

 

Figure 58 SPAR Platform at 0.18 M Water Depth at Time = 0.0 sec 

 

 

Figure 59 SPAR Platform at 0.14 M Water Depth at Time = 0.0 sec 
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Figure 60 SPAR Platform at 0.1 M Water Depth at Time = 0.0 sec 

 

Figure 57 shows the 3 reference lines used in this simulation. The 3 different initial 

positions of the SPAR correspond to varying water depths of 0.10 m, 0.14 m and 0.18 

m. 

 

The table below shows the parameters corresponding to their reference line. 

 

Table 2 Reference Line Corresponding to Water Depth 

 

Reference Line D1 Reference Line D2 Reference Line D3 

0.10 m Water Depth 0.14 m Water Depth 0.18 m Water Depth 

 

 

The following parameters are fixed while varying water depth: 

 Wave Amplitude (V = 40 deg) 

 Wave Frequency (1.0 waves/sec) 

 

The simulation is run and the angular pitch of the SPAR with respect to time is plotted 

graphically. 
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Figure 61 SPAR Pitch vs Time at Water Depth 0.18 m (D3) 

 

 

Figure 62 SPAR Pitch vs Time at Water Depth 0.14 m (D2) 

 

 

Figure 63 SPAR Pitch vs Time at Water Depth 0.10 m (D1) 
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Figure 64 Comparison between Pitch of SPAR at Different Water Depths 

 

In Figure 61, at 0.18 m water depth, it can be seen that that the maximum angular 

pitch achieved is about 12 degrees. In Figure 62, at 0.14 m water depth, the maximum 

angular pitch achieved is 8 degrees. Last but not least, in Figure 63, at 0.10 m water 

depth, the maximum angular pitch is 5 degrees. 

 

It can also be observed that the SPAR performs at a more stable rate when in shallower 

waters. As can be seen in Figure 64, the fluctuations of the angular pitch of the SPAR 

is much more significant at higher water depths. This is due to the extra energy that 

the wave transmits at deeper waters. 

 

Based on Figures 61 – 64, it can be observed that a greater water depth actually 

increases the angular pitch of the SPAR Platform. Based on these results, it can be 

concluded that maximum angular pitch of the SPAR is directly proportional to the 

water depth. 

  



39 

 

4.4 Effect of Varying Wave Frequency on Angular Pitch of SPAR 

 

In this study, the angular pitch of the SPAR is studied while varying the wave 

frequency. The wave frequency of the waves is varied based on the table below: 

 

Table 3 Wave Frequency Variations 

 

Wave Frequency 1 Wave Frequency 2  Wave Frequency 3 

1.0 waves/sec 1.5 waves/sec 2.0 waves/sec 

 

The initial position of the SPAR is as shown in the figure below: 

 

 

Figure 65 Initial Position of the SPAR 

 

The following parameters are fixed while varying wave frequency: 

 Wave Amplitude (V = 40 deg) 

 Water Depth (0.18 m) 

 

The simulation is run and the angular pitch of the SPAR with respect to time is plotted 

graphically. 
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Figure 66 SPAR Pitch vs Time at Wave Frequency 1.0 waves/sec 

 

Figure 67 SPAR Pitch vs Time at Wave Frequency 1.5 waves/sec 

 

Figure 68 SPAR Pitch vs Time at Wave Frequency 2.0 waves/sec 
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Figure 69 Comparison between Pitch of SPAR at Different Wave Frequencies 

 

In Figure 66, the maximum angular pitch at 1.0 waves/sec is 12 degrees. In Figure 

67, at 1.5 waves/sec, the maximum angular pitch is 11 degrees. In Figure 68, at 2.0 

waves/sec, the maximum angular pitch is 12 degrees. This observation shows that the 

wave frequency does not have a significant effect on the angular pitch of the SPAR. 

 

However, it can be observed from Figure 69, that as the wave frequency is increased, 

the peaks of angular pitch actually decreases with increasing wave frequency. This can 

be due to the faster speed of the piston-flap that contributes to a lower contact time 

with the fluid that causes it to be unable to scoop up more fluid as the fluid has not 

enough time to flow back towards the piston-flap.  
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4.5 Effect of Varying Wave Amplitude on Angular Pitch of SPAR 

 

In this study, the angular pitch of the SPAR is studied while varying the wave 

amplitude. The wave amplitude of the waves is varied based on the table below: 

 

Table 4 Wave Amplitude Variations 

 

Wave Amplitude 1 Wave Amplitude 2  Wave Amplitude 3 

V = 20 degrees V = 30 degrees V = 40 degrees 

 

 

Figure 70 Initial Position of SPAR at all Wave Amplitudes 

 

The following parameters are fixed while varying wave frequency: 

 Wave Frequency (f = 1.0 waves/sec) 

 Water Depth (0.18 m) 

 

The simulation is run and the angular pitch of the SPAR with respect to time is plotted 

graphically. 
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Figure 71 SPAR Pitch vs Time at Wave Amplitude V = 20 degrees 

 

 

Figure 72  SPAR Pitch vs Time at Wave Amplitude V = 30 degrees 

 

 

Figure 73  SPAR Pitch vs Time at Wave Amplitude V = 40 degrees 
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Figure 74 Comparison between Pitch of SPAR at Different Wave Amplitudes 

 

In Figure 71, the maximum angular pitch at wave amplitude 20 degrees is 6 degrees. 

In Figure 72, the maximum angular pitch at wave amplitude of 30 degrees is 7 degrees. 

In Figure 73, the maximum angular pitch at wave amplitude of 40 degrees is 12 

degrees. 

 

By comparing all three charts in Figure 74, it can be observed that the angular pitch 

of the SPAR is significantly lower at smaller wave amplitudes. Therefore, it can be 

concluded that the angular pitch of the SPAR is directly proportional to the wave 

amplitude. This could be due to the fact that the smaller wave amplitude carries less 

initial energy and there is less significant energy that can actually affect the SPAR due 

to propagation losses. 
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Chapter 5  

Conclusions & Recommendations 

5.1 Conclusions  

 

In this project, it has been conclusively proven that the behavior of deep-water SPAR 

Platforms can be simulated using the Smoothed Particle Hydrodynamics method rather 

accurately with low errors. The various validations carried out on Dam Break flows 

shows that the SPH method has a promising use for simulating extreme waves. In this 

study, after conducting numerical studies on the angular pitch of the SPAR when 

subjected to different wave conditions, various conclusions can be drawn. First, it can 

be concluded that the maximum angular pitch of the SPAR is directly proportional to 

the water depth. Second, the maximum angular pitch is directly proportional to the 

wave amplitude. Last but not least, the wave frequency does not significantly affect 

the angular pitch of the SPAR while increasing the wave frequency actually decreases 

the peaks of maximum angular pitch. 

 

 

5.2 Recommendations 

 

1. Research can be done on green-water loading and its effects on SPAR 

Platforms by coupling the SPH method with finite element analysis. This 

research shall be useful in simulating larger and more complex structures. 

2. Research should be done on the responses of more complex structures such as 

Semi-submersibles. This could be extremely useful to offshore drilling rig 

constructors. 
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