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Abstract

The humans’ need to use the oceans for exploration and extraction of oil has led to
the development of engineering science in the field of offshore structures. Since it’s
important to examine the offshore structures from different aspects and perspectives,
we would have to evaluate many different parameters about them. So categorizing
these parameters can help to perform their related analysis with more accuracy and
more details. Due to the efficient force it exerts on the structure, the pressure distri-
bution around every marine or hydraulic structure has a significant importance, and
it even accounts for one of the dominant issues in designing and building of such
structures. In the present study, an oil platform located in Phase 15 of South Pars oil
fields, located in the Persian Gulf waters, has been analyzed using the FLOW 3D
software. The outputs indicate that the pressure of water is distributed almost hy-
drostatically with the depth, and its maximum reaches 0.6 MPa at the bottom.
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1. Introduction

From 1956, for taking into account the objectives of economic and optimizing aspects,
the platforms’ decks began to decrease in scale, and a new generation of platforms sim-
ilar to the ones today was built and developed. Also, the use of the sloped foundations
beneath the structures and some provisions for the constructing podium in depth and
at further points were began in those years, and now the tallest casted platform has

been placed at a depth of 315.5 meters in the Gulf of Mexico [1]. The extraction of oil
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from the marine resources is often performed through the platforms and offshore con-
structions. In 1988, oil production by offshore platforms had a 9% the share of the
global consumption, and in 2000 this share was equal to 24%. These numbers indicate
the increasing growth of the share of offshore platforms in production of oil and gas. If
we remember that these huge structures are necessarily built on land and then trans-
ported and installed at sea through complex operations, then we can reach a wide un-
derstanding of the vast engineering knowledge that is required to design and construct
them. It’s hoped that this paper results in taking a small step forward in the develop-
ment of technical information about the field of offshore platforms. In 1987, Allender
and Petrauskas conducted a series of experiments on a scaled structure, in which, the
uniform flow was simulated by moving the model inside stationary water. During those
experiments, about the regular waves, it was observed that in the absence of uniform
flow, the anticipated forces are higher than the measured ones, while in the presence of
the uniform flows along with the regular waves, those anticipated forces would be
smaller than the measured values. In the case of random waves, the maximum meas-
ured forces in both cases were about 10 to 20 percent less than those measured for reg-
ular waves at the same depth under the same uniform flow [2]. In 1992, Heidman and
Weaver made a comparison between the predicted and measured forces on the com-
ponents of three offshore platforms. Their experiments are done on real platforms and
considering empirical corrections, such as the kinematic coefficient caused by the
three-dimensional nature of the propagation of wave in the sea, the blockage coefficient
of the uniform flow, the loading coefficients of the side components and the well
guides. After studying 458 cases of single waves, they concluded that the forces ex-
pected through the consideration of API Code, are approximately 5% smaller than the
measured forces [3]. In 1993, a series of large scale experiments were carried out in the
delta wave channel of Delft Hydraulics Laboratory, in the Netherlands. The purpose of
these tests was to determine the forces exerted by the waves and the sea currents on the
cylindrical legs of offshore structures [4]. Yougang Tang’s studies in 2015 are based on
the goal of developing a warning system for the times of severe displacements having
values outside the defined range. In those studies the warning conditions were defined
having three levels. And these conditions has been introduced according to the applied
stresses and any movement of the platforms’ jacket. The feasibility of this study has
been conducted in a platform jacket in South China Sea [5]. In the year 1390, Hedaya-
tifar and Mazaheri made a study as the pushover analysis of offshore platforms under
the wave impact forces to the deck. The impact forces on marine structures are 2 to 4
times larger than the non-impact forces having the same domain. Also, the impact
pressure may be 10 times larger than the non-impact pressure. The duration of these
impact forces is very low and it’s usually 2 to 4 seconds. One of the points that the API
Regulations emphasize on them for conducting the pushover analysis, is the case where
the deck height is insufficient and so, the waves hit the deck. These wave forces on the
deck were one of the main causes of damage to platforms in the Gulf of Mexico and the
North Sea, and so the platforms under these forces essentially require inspections and
investigations. In this research, we first study a fixed offshore platform located inside

the Persian Gulf, based on the static and pushover analysis, and then we determine
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whether or not the platform has the ability to stand wave forces applied to the deck.
This task is performed by modeling and the analysis done in SACS software. In the fig-
ure below, the effects of different hydrodynamic parameters of the waves on the leg

shear of offshore platforms are illustrated [6].

2. The Materials and Methods

Generally, the steel jackets can be considered as structures having simple hydrodynam-
ics. Thus, the resulting force of the waves on those components of the structure in the
water, can be calculated using the Morrison equation as a set of the inertial force (pro-
portional to the acceleration of the water particles) and the non-linear drag force (pro-

portional to the square of the speed of the water particles):

2
prD v

F=C, +CD%V|V| (1)

In this equation, Fis the wave force per unit length of cylinder, expressed in Newton,
vand |v| are respectively the real value and the absolute value of the velocity of water
particles along the axis perpendicular to the cylinder, determined by applying the wave
theory along the cylinder axis, and are expressed by the unit of meters per second. Also,
prepresents the Water density in kg/m’, Dis the cylinder’s diameter in meters and after
considering the marine plants, C,, is the drag coefficient and C,, is the inertia coeffi-
cient. This form of the Morrison equation is valid for a fixed cylindrical. For analyzing
the motion efficiency of a structure, the above equation must be modified so that its
movements of the cylinder are considered too [7]. The coefficients C,, and C,, depend
to the roughness of cylindrical surface, the applied wave theory and other parameters of
the flow. According to the API-RP2A criteria, the equivalent value of Cj, is between 0.6
and 1/2, and for C,, it is between 1.3 and 2. Further information about this can be ob-
tained from the DNV regulations [8]. The total amount of the wave forces exerted on
each member is obtained by numerical integration along its length. The fluid’s velocity
and acceleration in integration points are calculated directly using the selected wave
theory.

According to the Morrison equation, the drag force would be non-linear. In the wave
method this equation is used as nonlinear. However, in order to determine the trans-
mission function needed in calculations of the frequency-domain method, a good linear
definition must be obtained for the drag forces [9]. Therefore, the frequency domain
analysis may be more appropriate for calculating the fatigue life of the structure, because
in this situation, the resultant forces acting on the operational floors of the structure by
the normal waves are caused by the inertia forces which are often linear. In the dynamic
analysis of structures located in deep waters and exposed to big storm waves, the
non-linear drag forces make up for the main part of the forces of waves. Therefore, the
analysis of these structures must be performed as non-linear and inside the time-domain.

The start of FLOW-3D numerical model dates back to 1963, when in the Los Alamos
(LANL) laboratory, Doctor C.W. Tony Hirtproposed a unique method named VOF
(Volune of Fluid), to increase the robustness of numerical methods. His job at the time,
was to create and develop a method for modeling fluid dynamics for scientific and in-

dustrial applications. Accordingly, to expand and improve his work, he chose ap-
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proaches like using the feedbacks obtained from the industrial and computing units for
creating a CFD (Computational Fluid Dynamics) software. In 1985, this process re-
sulted in building a high-performance software called FLOW-3D. Now by upgrading
the software, after years, FLOW-3D, has remained a comprehensive computational flu-
id dynamics software for commercial, scientific, military and industrial purposes [10].
The governing equations in this model-as in other similar models-are the Navier-Stokes
equations and the equation of mass conservation. For modeling a channel in this soft-
ware, we first need to define the general properties (including simulation time and the
system of units), physical conditions, the geometry and the model analyzing system and
the adjustment of outputs and its related options. In this study, the metric system of
units is applied and the unit of Celsius degrees was chosen for temperature. In the panel
of physical properties in the soft ware, it allows us to adjust the conditions, according to
the governing physical principles of the related phenomena. The governing physical
conditions in this study include viscosity, gravity force and turbulence. In this software,
the turbulence can be simulated through five models, and the model of normalized
groups (RNG) is the model used for this study [11].

Since the Persian Gulf waves are more similar to the JONSWAP waves, we have used
the JONSWAP table for the extraction of the wave spectrum. According to the studies
of Mazaheri and Ghaderiin 2011, JONSWAP waves have the nearest wave pattern to
the waves of the Persian Gulf. So in this study, the pattern of the waves hitting the off-
shore platform’s structure has been selected accordingly [12].

So, taking into account U, (m/ S) as the wind speed, F(m) as the field length, and
7 as the shape parameter, the spectral density S ( f ) would be defined as follows [13]:

-4
ag’ f
S(f)=—22_exp|-1.25| —| |y @)
() o) {7
-0.33
9°F
1<y <7, Default 3.3 (4)

f<f,=o=007

(5)
f>f,=0c=009

This research investigates the change of the velocity on seawall crown by considering
the obstacles in different layouts and slopes [14]. The intended slopes for seawalls were
22, 27, 32, 39 degrees, respectively and had the roughness heights on wall surface were
15 cm, 20 cm and 30 cm. Moreover, four types of roughness layouts on the wall surface
were investigated [15]. A wide range of studies have been conducted in aforementioned
parameters is followed by the complexity connection with symmetrical compound rec-
tangular of the hydraulic flow. Such differences cause an channels and the investigation
of the apparent shear interaction between deep flow in the main channel and stress in
them as well as the effect of various parameters [16]. Breakwaters are structures which
are constructed in order to create peace in a pool of ports, to prevent port erosion, and

to protect the shipping channel [17].
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Generally, the geometric properties of different floors of the platform’s structure, are
as follows. As examples, the three-dimensional geometric forms, plans, and the views of

A and 1 cross sections, are shown in below (Figures 1-4). The original height selected

Figure 1. Three-dimensional shape and
plan of the offshore platform (SPD 15) in
phase 15 of South Pars oil field.

Figure 2. The cross section A of offshore platform (SPD 15) in phase 15 of South Pars oil field.
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Figure 3. The cross section 1 of offshore platform (SPD 15) in phase 15 of South Pars oil field.

for the platform’s legs is equal to 75.6 meters, installed at a depth of 66.6 meters be-

neath the water.

3. Conclusions

After applying the geometric conditions, hydrodynamic conditions and the structural
conditions of the offshore platform, on the numerical model, and running the program,
the below results were obtained for the three-dimensional simulation:
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As it can be seen in Figure 5, the pressure of water is distributed almost hydrostati-
cally with the depth, and its maximum reaches 0.6 MPa at the bottom. It’s necessary to
mention here that the depth hydrostatic pressure of the flow for the other directions is
also similar to the diagram above. In Figure 6 and Figure 7, the pressure changes in the
transverse direction near the bottom and close to the offshore platform structure are
shown as two-dimensional and one-dimensional views. As it can be seen in Figure 6,
the lowest amount of pressure in the transverse direction as for the longitudinal direction
would occur on the surface, and its number might even become negative.

As can be seen in Figure 7, since the water depth is almost identical for the trans-
verse direction, the pressure distribution in the transverse direction is also a line, which
indicates the hydrostatic pressure of 6.0 MPa for the transverse direction. According to
Figure 4 and Figure 6, we can conclude that the pressure distribution around the off-
shore platform under consideration is close to the hydrostatic pressure and almost
equal to it, except that the hydraulic pressure decreases more rapidly in the traverse di-
rection.

Figure 8 shows how the free surface of water changes as the waves hit the offshore

pressure

647370.875
539457.250
| 431543.563
323629.906
215716.250
107802.602
-111.057

Figure 4. The hydrostatic fluid pressure distribution of the numerical model of Flow 3D, in
longitudinal direction.
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Figure 5. The changes of water pressure in the depth direction of the flow around
the offshore platform structure.
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pressure
(Pa)
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-371.788

Figure 6. The hydrostatic pressure distribution of the fluid in the

transverse direction, by the Flow 3D numerical model.
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Figure 7. The distribution of water pressure in the transverse direction close to the offshore

platform structure.

free surface elevation
(m)
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Figure 8. The changes of the free surface of the waves that hit an offshore platform in Persian Gulf.

platforms. According to this figure, the most changes and fluctuations of the water level

occur at the very same place the waves touch the structure, so that there are more se-
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vere changes at this location than the places after or before it. The lowest water level is

61.78 meters and its maximum number reaches 73.28 meters.
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