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With the increase in construction in the sea, protective structures are considered 

to prevent their instability in the marine environment. Among the coastal 

protective structures, submerged plates are used in marine structural 

engineering to prevent scour. Therefore, it is very important to study and 

understand the erosion and sedimentation process in the area of the offshore 

platform base lines in terms of design, protection and maintenance. In this 

research, using the computational fluid dynamics method and Fluent software, 

the flow around the submerged offshore platform base was simulated with 

different Reynolds number states. The results of the iso velocity lines, m/s, show 

that the speed decreases behind the offshore platform base. The maximum speed 

is below the offshore platform base line, which will cause scour. By increasing 

the Reynolds number from 3000 to 7000, the maximum speed in this state 

increases. The results of the iso pressure lines in Pascals show that the pressure 

behind the base presses and decreases above and below it. The maximum 

negative pressure is below the base line of the offshore platform, which will 

cause scouring. As the Reynolds number increases from 3000 to 7000, the 

negative pressure in this case increases from -0.07 to -0.3 in Pascal, which will 

cause scouring. The maximum pressure is below the base line of the offshore 

platform, which is significantly higher than the case without the use of plates, 

which reduces the risk of scouring around the base. 

 

 

 

Keywords: 

Offshore platform baselines, 

flow patterns, scouring, barrier 

plates, pressure gradient. 

 

 

1. Introduction 

 

 
1,3, 4, MSc  

2) Associate Professor 

5) MSc student 

 

 

Much research has been done on the investigation of 

scour around offshore platform baselines, but the main 

mailto:mehdi.nezhadnaderi@iau.ac.ir.com
mailto:Fazli.babak@babolia.ac.ir
mailto:2092366262@iau.ir
mailto:Fazli.babak@babolia.ac.ir
mailto:Ali.sheykhbahaei@inio.ac.ir
mailto:mehdi.nezhadnaderi@iau.ac.ir.com


Seyed Amirhosein Mirabotalebi, Mehdi Nezhadnaderi  / Numerical simulation of plate scour around offshore platforms and strategies to prevent it 
 

36 

difference of this research from previous similar cases 

is the consideration of subsurface slabs under the 

offshore platform base. Installing impermeable slabs 

causes the underground flow lines formed under the 

bed, located under the offshore platform baselines, to 

be lengthened, as a result of which the pressure gradient 

across the offshore platform base is reduced. Reducing 

the pressure gradient is one of the main and most 

fundamental factors in the formation and development 

of scour under the offshore platform baselines and the 

formation of the sluice phenomenon in the bed under 

the offshore platform baselines. This phenomenon is 

considered as one of the results of the pressure gradient 

prevailing over the submerged weight of bed sediment 

particles. 

With the increase in construction in the sea, the use of 

protective structures to prevent their instability in the 

marine environment is of interest. Among the coastal 

protection structures, submerged slabs are used to 

prevent scour, which are used in marine structural 

engineering. 

There is a hydraulic perspective that studies the 

distribution of hydrodynamic components around the 

offshore platform baseline. In fact, this perspective 

discusses and studies the formation and expansion of 

eddy currents around the offshore platform baseline 

through numerical simulations and attempts to 

accurately estimate the effect of this phenomenon on 

the amount of hydrodynamic components and the 

intensity of the effect of eddy formation. Sumer and 

Fredsoe (1997) studied various environmental 

conditions (waves and currents) and their effects on the 

forces acting on the offshore platform baseline. In their 

research, these researchers often compared their results 

with the laboratory work of other researchers and 

confirmed their research based on that. According to 

the research of these researchers, waves and currents 

have two completely separate effects on the 

environment around the offshore platform baseline, the 

intensity of which can be expressed by the 

dimensionless Reynolds numbers for the flow and the 

Cloghan-Carpenter number for the wave. These two 

dimensionless numbers represent the behavioral 

properties of the flow and wave, respectively. They 

also showed that the forces acting on the offshore 

platform baseline are caused by the effects of 

environmental conditions in a completely dynamic 

manner, and the studies conducted by Morrison only 

calculated the average force acting on the offshore 

platform baseline. They also introduced the use of the 

Strouhal number as a suitable method for obtaining the 

frequency of eddy currents. On the other hand, Cheng 

and Chew in 2002, using the numerical solution of the 

fundamental laws of fluids, came up with various 

hydrodynamic components in the area around the 

offshore platform baseline. They simulated the 

conditions of the flow effect in the environment around 

the offshore platform baseline by formulating and 

precisely defining the boundary conditions and using 

the k-4 turbulence model. Cheng and Chew 

investigated the self-burial effect for unburied offshore 

platform baselines by adding a rectangular appendage 

to the offshore platform baseline and comparing the 

results of the pressure distribution under the new 

conditions and before adding the appendage. The 

research of these authors showed that using a numerical 

model by considering an appropriate turbulence model 

can easily obtain the amount of various hydrodynamic 

components around the offshore platform baseline. 

Liang also stated in his research, which he conducted 

in collaboration with Cheng in 2004, that the vertical 

simulation of the flow around the offshore platform 

baseline using the basic laws of fluids and using one of 

the types of turbulence modeling methods, is very 

effective in reducing the cost of studies by various 

researchers. They confirmed the accuracy of their 

simulation by comparing their results with the 

laboratory work done by Jessen (1986). It should be 

noted that according to Jessen's studies, changing the 

scale of the problem from the real situation and only 

considering the ratio of water depth to the diameter of 

the offshore platform baseline and maintaining the 

Reynolds number is quite practical and acceptable. In 

the following, it is necessary to introduce some of the 

concepts and tools of this division based on which these 

researchers studied eddy currents. 

Reynolds number 

This number is used to determine the range of motion 

of eddies (choi 2000). 

Re=UD/υ                                                                 (1) 

where υ: kinematic viscosity of the fluid, U: flow 

velocity perpendicular to the offshore platform baseline 

and D: outer diameter of the offshore platform baseline. 

Based on the Reynolds number and the observations 

that researchers made by studying the formation 

mechanism around the offshore platform baseline, the 

intensity and formation of vortices can be classified 

based on the Reynolds number. Among the most 

important research in this perspective, we can also 

mention the studies conducted by Sumer Fredose in 

1997. These researchers, by dividing the type of fluid 

space around the offshore platform baseline into two 

types: permanent and non-permanent 

for two different general cases of the presence of the 

flow effect and the presence of the wave effect, tried to 

investigate the formation and expansion of vortical 

flows around the offshore platform baseline resulting 

from this phenomenon. 
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Figure (1): Intensity and formation of vortices based 

on the Reynolds number (Fredsoe and Sumer in 1997) 

shows these different classifications based on the 

Reynolds number.  

As can be seen in Figure (1), for low Reynolds 

numbers, no separation will be observed behind the 

offshore platform baseline. In fact, for Zeinolds 

numbers greater than 5 to 40, a pair of vortices with a 

fixed shape will be created behind the offshore 

platform baseline, and the length of the turbulent effect 

will increase with increasing Reynolds number 

(Batchelor in 1967). When the Reynolds number of the 

flow is greater than 40, the shadow of the vortices 

behind the offshore platform baseline becomes 

unstable and the turbulence behind the offshore 

platform baseline is defined by a phenomenon called 

eddy currents, as a result of which the shadow of the 

flow appears with eddy lines. When the Reynolds 

number is in the range (40>Re>200), the eddy lines will 

appear as layered flows behind the offshore platform 

baseline. In these cases, the shadow of the eddies is 

defined as two-dimensional. 

With further increase in the Reynolds number, the type 

of flow behind the offshore platform base changes from 

a transition flow to a turbulent flow. According to 

Bloor (1964), when the Reynolds number of the flow is 

in the range between (200>Re>300) in the area behind 

the offshore platform base line, the turbulent flow 

behind the offshore platform base moves towards the 

offshore platform base line and when the Reynolds 

number of the flow reaches 400, a turbulent eddy is 

formed. Observations have shown that a two-

dimensional eddy formed in the Reynolds number 

range (200>Re>40) changes from a two-dimensional 

state to a three-dimensional state. 

The flow with Reynolds number around the offshore 

platform base line remains completely stratified, and 

for the flow condition with Reynolds number 

(3×10^5>Re>40), the flow in the area behind the 

offshore platform base line is known as the subcritical 

state. When the flow Reynolds number exceeds this 

value, the boundary layer state will change from a 

transitional to a turbulent state. This transition occurs 

first at the separation point and then moves upstream. 

For limited flow conditions, when the Reynolds 

number is in the range (3.5×10^5>Re>3×10^5), the 

boundary layer at the separation point appears 

completely turbulent. However, these two states occur 

only on one side of the offshore platform base and on 

the other side (the upstream side) it will remain a calm 

layer. This state is known as the critical flow regime 

and causes the lift force to be opposite to zero. 

When the Reynolds number of the flow reaches 

1.5×10^6, the boundary layer on one side of the 

offshore platform baseline becomes completely 

turbulent, while on the other side of the offshore 

platform baseline the flow becomes semi-turbulent. 

This type of flow regime is known as the upper-

transition region, and finally, when the Reynolds 

number exceeds 4.5×10^6, the boundary layer located 

on the offshore platform baseline will become 

completely turbulent at all points. 

Mechanism of Vortex Movement 

As mentioned, for Reynolds values higher than 40, the 

boundary layer located on the offshore platform 

baseline will be separated from the offshore platform 

baseline due to the unfavorable pressure gradient 

behind the offshore platform baseline by the formation 

of a pair of stationary vortices. In this case, a 

phenomenon as shown in Figure (2) will be formed 

behind the offshore platform baseline. As can be seen 

in Figure (2), the boundary layer formed around the 

offshore platform baseline has characteristic values of 

local vorticity. 

 
Figure (2): Location of the separation point in front of 

the offshore platform baseline and the development of 

the shear layer behind the offshore platform baseline. 

 

These vortices are formed within the boundary layer, 

develop, and cause rotation of a vorticity with a specific 

shape above and below the offshore platform baseline. 
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Figure (3): How vortical flows develop behind the 

offshore platform baseline  

(Gerrard in 1966) 

 

In fact, the motion of vortices is unstable for flow 

Reynolds numbers greater than 40, and the direction 

and manner of motion of vortices can be justified based 

on the opinion of Gerrard in 1966. Based on Figure (3), 

he assumed that vortex A starts earlier than vortex B 

and the direction of vortex formation is opposite to each 

other. If vortex A is expanding clockwise and vortex B 

is expanding counterclockwise, vortex B will cause 

vortex A to break away from the boundary layer and 

vortex A will separate and move downstream as a free 

vortex. This expansion will then produce vortex C and 

similarly, in the opposite direction, will cause vortex B 

to separate from its source of generation. This process 

will be repeated periodically over time behind the 

offshore platform baseline. 

In fact, the motion of vortices is unstable for flow 

Reynolds numbers greater than 40, and the direction 

and manner of motion of vortices can be justified based 

on the opinion of Gerrard in 1966. Based on Figure (3), 

he assumed that vortex A starts earlier than vortex B 

and the direction of vortex formation is opposite to each 

other. If vortex A is expanding clockwise and vortex B 

is expanding counterclockwise, vortex B will cause 

vortex A to break away from the boundary layer and 

vortex A will separate and move downstream as a free 

vortex. This expansion will then produce vortex C and 

similarly, in the opposite direction, will cause vortex B 

to separate from its source of generation. This process 

will be repeated periodically over time behind the 

offshore platform baseline. The motion of water 

particles in a wave is a continuous unsteady flow. 

When this unsteady flow collides with a rigid body of 

a submerged structure, a force is exerted on the body 

due to the flow velocity and the flow acceleration. 

The flow velocity creates a drag force Fd that acts on 

the body of the submerged structure and is due to the 

frictional shear stress and the total pressure, which is 

usually calculated by the following formula: 

   Fd =
𝐶𝑑

2
𝜌𝐴𝑢2                                                                 (2) 

A is the distance of the cross section perpendicular to 

the flow surface. In equation (2) u is the flow velocity 

reaching the body, ρ is the density of the liquid, cd is 

the drag coefficient that depends on the cross section 

shape, flow direction, surface roughness and the 

Reynolds number of the flow. 

For a cylinder, the Reynolds number is R=UD/υ, where 

D is the diameter of the cylinder and υ is the kinematic 

viscosity of the flow. 

When a flow is accelerated over a surface, the flow 

velocity and hence the Reynolds number and, in some 

cases, the continuous elastic coefficient change. 

Therefore, since u and Cd are both variable in an 

accelerated flow, the elastic force of equation (2) can 

change considerably. 

The acceleration of the flow produces an additional 

force on the body, in addition to that given in equation 

(2). This acceleration or inertial force has two 

components. The first component is due to the 

acceleration of the flow due to the pressure difference 

in the accelerating flow field. This pressure difference 

creates a variable pressure on the surface of the body of 

the body, which creates a net force on the body. Also, 

when an accelerated flow passes over a body, an 

additional mass of fluid is created due to the presence 

of the body in motion. When the flow passing over a 

stationary surface is accelerated, there will be an 

additional mass that creates a force on the body. This 

second component is related to the inertial force, a 

function of the density and acceleration of the fluid, as 

well as the shape of the object and its volume. 

Therefore, when there is an unsteady flow, the total 

instantaneous hydrodynamic force F on the object can 

be written as: 

𝐹 =
𝐶𝑑

2
𝜌𝐴𝑢2 + ∫ 𝑃𝑥𝑑𝐴𝐴

+ 𝐾𝜌𝑉
𝑑𝑢

𝑑𝑡
                               (3) 

The second term on the right, where Px is the pressure 

exerted on the body of the object in the direction of the 

flow and dA is the change in the area of the place where 

the pressure is exerted, is the inertial force due to the 

acceleration of the pressure difference of the flow field. 

The third term on the right is the added mass (Khosro 

Bargi). 

In the present study, first the effect of offshore platform 

baselines with their different diameters on the scouring 

process is investigated; then by installing an 

impermeable subgrade sheet in front of the offshore 

platform baselines, the effect of this sheet on the 

scouring phenomenon is studied. 

In this study, the flow simulation after the construction 

of the submerged sheet was investigated using the 

computational fluid dynamics method and Fluent 

software. 

 

 

 

2. Methods 

 
A critical review of available turbulence models 

with the aim of evaluating their suitability for use 

in hydraulic problems is valuable and needed. This 
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was done by Professor Wolfgang Reddy with years 

of experience in the development and application 

of these models. In the book ((turbulence models 

and their application in hydraulics)), he introduced 

the topic of turbulence modeling in a simple way 

that can be understood by any reader with basic 

knowledge in the field of fluid mechanics and 

summarized the latest published articles in this 

field. is In the first chapter, the role of turbulence 

models is explained (Salehi Nishabouri and Nasiri 

Saleh, 2017). 

Basic conservation laws are expressed by exact 

equations (Navier-Stokes equations). They 

describe all the details of fluid movement. Since 

there is little hope to solve these equations and also 

due to the lack of interest of engineers in the details 

of oscillatory motion, a statistical approximation 

(which was first proposed by Asburn Reynolds) 

was used and these equations, on the time scale - 

which in The comparison with the time scale of 

turbulent motion is large - they were averaged. 

 Unfortunately, the averaging operation creates a 

new problem that the equations cannot form a 

closed system, because they contain unknown 

sentences that describe the transfer of the amount 

of motion, heat, and average mass by means of 

turbulent motion. This system of equations can be 

closed only by using experimental input, therefore, 

calculation methods based on averaged flow 

equations are semi-empirical. 

The so-called field methods - which use the 

original partial differential equations - require the 

specifications of the turbulent transfer terms that 

appear in the equations at every point of the flow. 

This specification is defined by using the equations 

(algebraic or differential) that determine the 

turbulent transfer terms in the average flow 

equations, and the system of equations is closed 

using those equations. The basis of chaos models 

are hypotheses about chaotic processes that require 

experimental input in the form of constants or 

functions. They do not simulate the details of the 

turbulent motion, but simply "simulate the effect of 

turbulence on the behavior of the average flow" 

(Salehi Nishabouri and Nasiri Saleh, 2017). 

In this study, flow is unsteady with two-dimensional 

turbulence form. Velocity and pressure are a function 

of time and space. To model of the velocity and 

pressure fluctuations is the integrated from the Navier 

Stokes equation at time. Integration of Navier Stokes 

equations at time is known Reynolds equations 

(Reynolds, 1984). Turbulence model equations are two 

equation models k-ε (Standard) that have be averaged 

in depth (Rastogi and Reddy, 1978). ε equation is as 

one of the main sources of the limitations of accuracy 

of the standard version of the k-ε model and the 

Reynolds stress model. It is interesting that k-ε model 

includes a correction term that is dependent to strain 

with c13 constant in the ε equation of RNG model 

(Yakhot et al, 1992). WillCox provided turbulence 

equations of k-ω (standard) model (WillCox, 1988). 
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Turbulence model equation 

 

Known two-equation model of k-ε (Standard) are 

presented for averaged form in depth as follows: 

(Rastogi and Reddy, 1978). 
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kvP  and kvP  are production terms as result of non-

uniform distribution velocity in depth that  is stronger 

near-bed. kP  is production term of turbulent kinetic 

energy averaged in  depth as result of velocity 

gradients in the plan. t  is the vortex viscosity. 

Turbulence model is used for calculation of lateral flow 

into one channel and is achieved much better results in 

comparison with t   for fixed parameters of rotational 

flow (MCGurik and Rodi, 1978). fc  is the bed friction 

coefficient. t  is Schmidt number that shows 

relationship between  turbulence viscosity and 

turbulent diffusion coefficient according to the 

following equation:  

t

t
d




 =                                                                 (12)   

 Amount of t  is considered 0.5 (Keller and Rodi, 

1988). Although values of t  are 0.5 to 2 in variable 

references (Gibson and launder, 1978). *e  is 

coefficient that gives turbulence diffusion coefficient 

in depth by following equation (Keller and Rodi, 

1988). 

fd hue*=                                                    (13)   

Direct measurement of color broadcasting in the  fixed-

width channels offers 0.15 for *e . Although Keller and 

Rodi achieved better solutions for the velocity and 

stress within the composite channels (Keller and Rodi, 

1988). On the other hand Biglari and Sturm have been 

assumed *e  equaled to 0.3 to get the better answer 

within the composite channels (Biglari and Sturm, 

1998). MCGurik and Rodi have considered 
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equaled to 3.6 (MCGurik and Rodi, 1978). In ε equation of RNG model includes a correction term 1c  that is constant 

strain-dependent (Yakhot et al, 1992). For k-ε (RNG), we have: 
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Only constant β is adjustable, high levels of turbulent data are obtained near-wall. All other constants are calculated 

explicitly as part of the RNG process. 
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WillCox, turbulence model k-ω (standard) equation to be provided as follows: (WillCox, 1988): 
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3. Result and discussions 
 

The values of the physical properties of water are 

considered as a default respectively, for density, 

viscosity, heat capacity and thermal conductivity. 

Solutions of all governing equations are subject to 

assignment of variables correctly in the boundary 

nodes. In steady state problems required only boundary 

condition but in unsteady state problems is required the 

initial conditions for all nodes in the network. Common 

boundary conditions in hydraulic issues include 

(Soltani and Rahimi Asl, 2003): 

A- Inlet boundary condition: numerical models can fit 

the model by means of the various boundary conditions 

such as velocity, mass flow, etc. For example, in 

modeling of flow inside a closed or open channel can 

be used velocity inlet as input boundary condition. 

 B- The outlet boundary condition is considered 

pressure outlet equals the atmospheric pressure. If the 

output is chosen at a far distance from geometric 

constraints, and no change in direction of flow then the 

flow state is developed full. Using this model is caused 

the output surface is perpendicular to the flow and 

gradient is zero in the perpendicular direction on the 

output surface (Soltani and Rahimi Asl, 2003).  
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C - Wall boundary condition: the wall boundary 

condition is used to limit the area of between fluid and 

solid. The model is ready for simulation by Solutions 

set and defining the model. The following steps show 

the simulation process (Versteeg and Malalasekera, 

2007): selection methods of discretization equation: In 

this paper first order upstream difference method is 

used for discretization of momentum, k, ε and ω 

equations and the standard method is used to find the 

pressure. Selection methods of the relation velocity - 

Pressure: this step is only be studied segregated. In this 

paper is used from SIMPLE method for velocity - 

pressure coupling. Determine the discount factors: the 

discount factor values are used for control of 

calculated variables in the each iteration. In this paper, 

the default values are used respectively for the 

pressure, density, momentum, k, ε and turbulent 

viscosity. In this paper, the initial values of the relative 

pressure is considered zero And the initial values of 

velocity components close to the average values 

presented in the input stream. By completing the steps 

in the numerical model, we can start the introduced 

process of problem by defining of repeat process. The 

frequency of reporting of results can be introduced 

before computing the numerical model. During 

solution process can be seen convergence of solution 

by the control of residues, integral of surface, statistics 

and values of the force. After finishing solution the 

computation of the unknown quantities and the results 

can be calculated at any point of the field and can be 

displayed by vector in the form, contour and profile 

views (Versteeg and Malalasekera, 2007). In this paper 

for solution of flow is usually introduced initial number 

repeat 1000 with report of every step of the calculation 

that conditions for convergence of the unknown 

parameters were satisfied after 300 to 350 iterations.  

5. Discussion 

In this research, Gambit software version 16.3.2 has 

been used to generate the geometry and mesh it. The 

mesh pattern is Quad element and map type is used for 

the surfaces. The existing boundary conditions are 

velocity input from the left side from the top of the arc 

and pressure output boundary condition at the bottom 

of the arc outlet. The simulation results are seen in 

Figures 5 to 21. 

 
Figure 5 - Model geometry in Gambit software 

 
Figure 6 - The velocity curve, m/s, shows that the 

velocity values decrease behind the offshore platform 

base. The maximum velocity value is below the 

offshore platform base line, which will cause scour. 

 
Figure 7 - The iso pressure in Pascals show that the 

pressure values decrease behind the offshore platform 

base and above and below it. The maximum negative 

pressure is below the offshore platform base line, 

which will cause scour. 
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Figure 8- Lines of constant velocity, m/s, results show 

that the velocity values decrease behind the offshore 

platform base. The maximum velocity value is below 

the offshore platform base line, which will cause 

scour. 

 
Figure 9- Iso pressure lines in Pascal, the results show 

that the pressure values behind the offshore platform 

base and above and below it decrease. The maximum 

negative pressure value is below the offshore platform 

base line, which will cause scouring. By increasing 

the Reynolds number from 3000 to 7000, the negative 

pressure value in this case increases. 

 
Figure 10 - Lines of constant velocity, m/s, the results 

show that the velocity values decrease behind the 

offshore platform base. The maximum velocity value 

is below the offshore platform base line, which will 

cause scour. By increasing the Reynolds number from 

3000 to 7000, the maximum velocity value in this case 

increases. 

 

 
Figure 11 - Meshing and geometry of the model 

created for the impact of barrier plates in front of the 

offshore platform base. 

 
Figure 12 - Lines of constant velocity, m/s, results 

show that the velocity values decrease behind the 

offshore platform base. The maximum velocity value 

is below the offshore platform base line, which will 

cause scouring at a distance further from the base due 

to the presence of barrier plates. 

 
Figure 13- Isobaric lines in Pascal, the results show 

that the pressure values behind the offshore platform 

base and above and below it decrease. The maximum 

negative pressure value is below the offshore platform 

base line, which is significantly reduced compared to 

the case without the use of barrier plates. 

 

4. Conclusion 
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The reduction of the pressure gradient is one of the 

most important and fundamental factors in the 

formation and development of scour around the base of 

an offshore platform and the formation of the sluice 

phenomenon in the bed around the base of the offshore 

platform. This phenomenon is considered as one of the 

results of the pressure gradient prevailing over the 

submerged weight of bed sediment particles. 

In the present study, the effect of the offshore platform 

base lines with their different diameters on the scour 

process is first investigated; then, by installing an 

impermeable sheet in front of the offshore platform 

base lines, the effect of this sheet on the scour 

phenomenon is studied. 

Laboratory results indicate that the use of impermeable 

sheets in front of the offshore platform base lines to 

some extent prevents the formation of scour tunnels 

around the offshore platform base lines and protects 

them from the dangers caused by scour. 

In this study, the simulation of the flow around the 

submerged offshore platform base with different 

Reynolds number states was investigated using the 

computational fluid dynamics method and Fluent 

software. 

The results of the first model for the isovelocity lines, 

m/s, show that the velocity values behind the offshore 

platform base decrease from 0.006 to 0.00006. 

The maximum velocity value is below the offshore 

platform base line, which will cause scouring. By 

increasing the Reynolds number from 3000 to 7000, the 

maximum velocity value increases in this case. 

The results of the isopressure lines in Pascals show that 

the pressure values behind the offshore platform base 

and above and below it decrease. The maximum 

negative pressure value is below the offshore platform 

base line, which will cause scouring. By increasing the 

Reynolds number from 3000 to 7000, the negative 

pressure value in this case increases from minus 0.07 to 

minus 0.3 in Pascals, which will cause scouring. The 

maximum negative pressure value is below the 

offshore platform base line, which is significantly 

reduced compared to the case without the use of barrier 

plates. 
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