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Abstract: Offshore platforms have had diverse applications in the marine industry, for example, oil
or gas platforms can provide facilities to store the oil and gas before transport those to refineries.
Offshore wind turbines are another well-known use of the offshore platform for generating power. As
platforms encounter various strong forces from water and wind currents, the materials used for these
structures are mainly steel or concrete. These platforms are classified into different types, according
to the depth of water and their applications. In addition, offshore platforms, as artificial reefs may be
used for decades at different marine conditions. Consequently, their design and maintenance are very
important, otherwise, they can cause irreparable damage to the environment. This paper presents the
latest and most significant design and monitoring methods, such as the optimal probabilistic seismic
demand model, multi-objective optimization, dynamic response assessment, robust fault-tolerant
control, etc., under different environmental and geographical conditions. Moreover, the effective
factors on the life and failure of these offshore structures are comprehensively introduced to enhance
awareness of them, which can be very helpful to improve the design and construction of more reliable
and durable structures.

Keywords: coastal structure; environmental marine issue; failure analysis; marine ecology; ma-
rine structure

1. Introduction

Offshore platforms are large structures, and have drilling rigs for the exploration,
extraction, storage, and processing of crude oil and natural gas from the seabed. These
are commonly used in the oil industry, but they are also used in radio broadcasting,
for navigation lights, radar monitoring, space operations, and oceanographic research.
Although most offshore platforms are equipped with devices to better adapt to their
surroundings, the most common ones are used for submarine activities, as well as those
that can also be used in lakes and in coastal waters. The first step in designing an offshore
platform is to get an accurate understanding of the structure, based on its functional
needs, environmental constraints, and method of construction. Therefore, considering the
environmental and geographical aspects, and also the method of construction, in designing
offshore platforms, several important factors, such as environmental loads, construction
stages, economic aspects, method of construction, date, and place of installation should be
considered. Depending on the circumstances, offshore platforms may be fixed or floating
on water. Fixed platforms are generally built for production and floating platforms are used
exclusively for exploration and drilling operations. Over the last five decades, different
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types of offshore platforms have been designed and used, such as jack-up rigs, semi-
submersible platforms, drillships, compliant towers, fixed platforms, normally unmanned
installations, spar platforms, and tension-leg platforms. The diversity of these structures
is due to various factors, such as scientific and technical processes, economic factors, the
need to use deeper natural reservoirs, and environmental constraints. Offshore platforms
are constantly exposed to lateral forces from water and wind currents [1]. Therefore, the
effects of these forces and the water pressure of different distances on marine structures,
especially platforms, must be considered [2]. During service life, offshore platforms may
be exposed to various loads that are larger than the conditions considered in the design
phase. As a result, it is very important to study their roles and effects on evaluating
the longevity of existing offshore platforms to continue operations and in designing new
reinforced platforms. The difference between fixed and floating platforms lies in how they
deal with environmental side effects (i.e., waves and wind effects). As their name implies,
fixed platforms are older structures; this means that, although they are in seawater, their
deformation is minimal in the face of side effects. Unlike fixed platforms, floating platforms
are designed to be mobile against lateral forces. As a result, this reduces the effects of these
forces [3].

In recent years, one of the most important applications of offshore structures has
been to produce electricity using wind turbines, which provides 3% of the European
Union’s (EU) power demand. Currently, offshore wind farms in Europe (12 countries)
generate about 26.4 GW of energy, which is expected to reach about 111 GW over the next
decade. This significant outlook shows the great importance of this sector in producing
clean and safe energy for countries [4]. In addition, offshore wind turbines have far fewer
problems than onshore wind turbines in terms of adverse effects on the environment, and
the most serious environmental problem is related to migratory birds, which the location
of offshore wind farms should consider based on migration routes. It is necessary to pay
attention to the dynamic behavior of offshore turbines under wave and wind forces, and
their strength under these loads should be taken into account as an important design
criterion for all offshore wind turbines. Due to the depth of the sea, different types of
these offshore turbines are used, in which the main difference is related to their platforms,
such as monopile, tripod/jacket, floating structures and the tension leg platform (TLP),
semi-submersible (semi-sub), and spar buoy (Spar) [5].

In addition to the forces caused by waves and wind, corrosion is another very impor-
tant and influential factor on the service life of these marine structures. Corrosion occurs
when existing electrolytes experience electrochemical reactions with their environment.
Common factors that affect the corrosion rate of offshore platforms in an area are relative
humidity, temperature, wind speed, and salinity [6]. With the passage of time and due
to progress in the industry, more durable materials, such as reinforced concrete and steel,
have been used to build offshore structures to overcome the corrosion problems. However,
offshore platforms are often exposed to hazards and accidents that cause them to erode
and collapse. Accordingly, investigating and identifying the factors affecting the failure
and collapse of offshore platforms is a serious matter. Among the hazards that threaten
offshore platforms, three groups are more significant than others: low platform safety, risks
due to unexpected accidents, and risks due to errors during the design and construction
of platforms. Unexpected forces are another category of factors that cause natural and
abnormal damage; for example, forces due to a collision with a ship or ice chunks with the
platform. Moreover, the forces caused by explosions, storms, and earthquakes can be more
than platform resistance expects and cause it to fail [7,8]. Using various methods such as
weight reduction, increasing hardness and strength, changing the use, and eliminating
irregularities, it is possible to increase the strength of offshore platforms. In addition
to the above methods, in special circumstances, to strengthen platforms, their parts can
be replaced or strengthened by adding additional parts. However, this method causes
asymmetry in a platform and is very difficult and costly. Energy dissipation systems are
another technique used to strengthen offshore platforms. This is the most convenient and



J. Mar. Sci. Eng. 2021, 9, 1349

30f20

clamp

cost-effective method compared to the previous methods. In addition, using this method
does not cause structural problems, such as asymmetry in the platform. The purpose of
reinforcement is to enhance the service life of the offshore platforms by increasing resis-
tance to various forces. Furthermore, with structural improvements, the problems and
shortcomings that existed during the initial operation of the platform can be eliminated.
Finally, the power of the platform can be increased against the forces caused by the addition
of equipment and personnel on the deck.

As mentioned, the importance of using these marine structures is very high, and
therefore it is very crucial to pay attention to the conditions that affect their quality and
service life. The present paper reviews the latest practical methods and approaches affecting
the design, construction, control, and reliability, as well as the most important factors
influencing the failure and fatigue life of offshore platforms.

2. Design and Monitoring

One of the important factors in the design of offshore platforms is robustness, which
is, in fact, a prerequisite to prevent design failure; this goal is achieved when structural
responses are proportional to the applied forces. In this regard, various forms of forces, such
as overload, accidental loads, failure of members, etc., can be applied to the structure, which
are divided into two categories: predictable and unpredictable scenarios [9]. Steel is one of
the most widely used materials in the construction of offshore platforms, and proper design
and maintenance are important proceedings in the field of increasing robustness. One of the
methods used to evaluate the quality of steel structures is the use of robustness assessment
methods that can be assessed under various conditions, such as catastrophic events [10].
The fuzzy method is a novel and applied method in research sciences. This method has a
high ability to work with vague information, that is partially true, uncertain, without sharp
boundaries, and is imprecise [11,12]. In addition, this method allows the involvement of
ambiguous human evaluation, conflict resolution, and more detailed examination of all
situations and options, and among its applications, can be used for pattern recognition,
optimization, control, decision making, and identification [13]. Studies have shown that
fuzzy methods in the field of robustness assessment considering the effects of corrosion
are more conservative compared to traditional methods, and results can be expanded
to more complex conditions [14]. Structural reinforcement methods vary depending on
conditions such as different defects and maintenance. One of the effective methods in
strengthening offshore platforms is X-type grouting clamps, as shown in Figure 1, which
increases the strength and bearing capacity of a pipe joint [15]. In another research, the
use of the reinforced grouted clamp prototype pipeline has been proposed to reduce the
pipe center stress under axial pressure, and increase the strength, reliability, and safety of
offshore platforms [16].

Figure 1. X-type grouting clamps [15].
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Using a buoyant mass damper (HBMD), which engages damper buoyancy, inertial
forces, and hydrodynamic damping effects, is another way to strengthen platforms against
flow forces, as illustrated in Figure 2. The results with a four-legged platform showed that
the correct location and attachment of HBMDs reduce the response of the platform to wave
forces [17].

Spring Connectors j |
HBMD

Figure 2. Schematic of the hydrodynamic buoyant mass damper (HBMD) [17].

In general, active vibration control using different types of dampers is a common
method to reduce damage and fatigue due to shakes; however, there should be sufficient
attention on the selection of dampers, because the characteristics of dampers and their
performance depend on various factors, including structural and environmental issues,
such as normal-condition or extreme-condition loads. In 2014, Jafarabad et al. attempted
to reduce the destructive vibrations on offshore platforms using a combination of friction
damper devices (FDDs) and a tuned mass damper (TMD), as demonstrated in Figure 3a,b,
respectively. In their study, they also incorporated the effects of earthquakes. Additionally,
they proposed a hybrid damping system (HDS), was a damper with a higher performance
and better vibration reduction in comparison with other types of dampers (Figure 3c) [18].
The results of numerical studies showed that the use of feedforward and feed-back optimal
tracking control (FFOTC and FBOTC, respectively) is appropriate to reduce the wave-
induced vibration and the required control force. This proposal was obtained by solving
Riccati and Sylvester equations [19,20]. In addition, the usage of incremental dynamic
analysis (IDA) has been proposed as a powerful tool in assessing the capacity of offshore
platforms in the face of seismic loads [21].

(b)

Figure 3. Three types of damping systems in the offshore jacket platforms [18]. (a) FDD, (b) TMD, (c) HDS.

In the design process, the possible occurrence of some events must be considered
according to geographical situations. For example, in a review of the requalification of
platforms in the Bay of Campeche located in the southern area of the Gulf of Mexico, it was
found that the risk assessment and management (RAM) method considering hurricane and
earthquake criteria was useful and practical for the design and requalification of offshore
platforms [22]. The Cook Inlet, Barent Sea, Caspian Sea, the Bohai Bay of China, etc., are
common places where sea surface freezing is possible in shallow parts, therefore, offshore
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platform should be designed to consider the effects of ice or freezing loads (Figure 4).
In designing oil platforms in these areas, two basic factors need to be considered: ice
loads and the failure modes of slender ice-resistant structures. Examining the impacts
of dynamic ice loads and ice-induced vibrations on steel offshore platforms found that
ice-induced structural vibrations cause severe shaking of the deck and reduced the fatigue
life of platforms due to the cyclical stresses on the tubular nodes [23].

Figure 4. Offshore platforms with icy mode conditions [23].

Wang et al. investigated an ice-induced vibration model called an isolation cone sys-
tem, including cones, springs, and dampers, which was mounted on the pile of an offshore
platform, as shown in Figure 5. However, the proposed model requires experiments to
determine how much it can repel the effects of extreme ice forces [24]. Utilizing rubber
bearings and magnetorheological dampers are other methods to decrease the influence of
ice- and earthquake-induced vibrations [25,26].

Sea level
Damper
Cone
Spring
Pile
Sea bed
A
(a) (b)

Figure 5. The general scheme of ice-induced vibration reduction by isolation cone system [24].
(a) Diagram of isolation cone system, (b) Model of the isolation cone system.

The effect of the soil-structure interactions (pile-soil-pile) on the system response
and bending moment is another important factor that should be considered in calculations
and evaluations. In other words, the behavior of soil changes in terms of environmental
conditions and even moves due to wind and water, and, therefore, this issue has a signifi-
cant influence on choosing site and type of platforms [27]. For this reason, it is strongly
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recommended not to ignore the effects of soil in simulations and calculations in order to
obtain results that are more reliable and closer to reality. Figure 6a,b illustrate the effect
of soil subsidence or movement that creates an additional force called the wave-in-deck
load. This extra force disturbs the balance of platforms and can cause significant damage
and eventually collapse of the platform. Figure 6¢ shows the impact of the presence or
absence of the wave-in-deck load on the failure probability of two different platforms,
which increases the failure probability up to 100% in the presence of this excess load [28].

Wave-in-deck
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(©)

Figure 6. Comparison of the soil effect on the failure probability of two different offshore plat-
forms [28]. (a) Conventional method, (b) Inclusion of wave-in-deck load, (c) Failure probability of
different platforms with and without wave-in-deck load.

Today;, in all sectors, including in the automotive industry, aerospace, construction,
etc., reducing costs and increasing reliability are two primary and essential goals. Differ-
ent optimization methods are divided into single and multi-objective, and each of them
depends on the correlation and the number of parameters, as well as solving times. As
presented in Table 1, the methods and constraints are changed according to the goal that
a researcher pursues, and choosing the appropriate methods and constraints are signifi-
cant challenges, which should be considered carefully. Therefore, the initial steps of the
design and construction of offshore platforms are finding the most important and effective
parameters based on local conditions and their correlation on each other by correlation
coefficient.
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Table 1. The summary of various novel optimization methods used for offshore platforms.

Author Year Method Results
Metaheuristic algorithm,
Hosseini and 2017 namely cyclical Minimum weight
Zolghadr [29] parthenogenesis algorithm jacket-type
(CPA)
Tension leg platform (TLP) Maximum dynamic tension
Zhang et al. [30] 2018 optimization program and the total weight of the
(multi-objective optimization) platform

Automated optimization Safe structure during

El-Makarem et al. 2019 method (automated iterative carthquake event with a
[31] method of gradually topology . .
. minimum total weight
optimization)
Tian et al. [32] 2019 Topology optimization method Maximize the structural

stiffness

The maximum stiffness
Deng et al. [33] 2020 Topology optimization method considering wind, wave,
and ice loads

e Intensity measures (Ims)
Babaei et al. [34] 2021 Probabilistic seismic demand and engineering demand

analysis (PSDA) parameters (EDPs)

Assessing and monitoring the health of marine structures are crucial due to financial
and human issues, therefore various methods have been presented and developed to
evaluate these structures. Seismic fragility curves are one of these methods to assess
the integrity of marine structures. In improving the quality of seismic fragility curves,
the response rate of each level of the structure during an earthquake can be calculated
considering aleatory and epistemic uncertainty based on nonlinear dynamic analysis [35].
Nevertheless, prioritization, strengthening, modification, and repair plans are vital issues
in the maintenance of both new and old offshore platforms. In 2015, in an interesting study
by Samarakoon et al., a multi-criteria analysis (MCA) that included an analytical hierarchy
process (AHP) for structural integrity control (SIC) was examined (Figure 7) [36,37]. The
use of structural monitoring systems (SMS) is a method that has been proposed to monitor
and enhance the life of offshore platforms in the North Danish Sea. To this end, various
types of equipment, such as accelerometers, GPS, strain gauges, and wave radars were
utilized [38].

A comparison has also been made between a tuned mass damper (TMD) and semi-
active tuned mass damper (SATMD), in which the activity is controlled by a fuzzy logic
controller (FLC) under various natural factors, such as water waves, sea currents, wind,
and earthquake. From Figure 8, SATMD has a greater ability to reduce lateral displacement,
velocity, acceleration, base shear, and overturning moment [39].

Over time, different control schemes, such as nonlinear controllers, delayed dynamic
output feedback controller (DDOFC), etc., have been reviewed. H-infinity (He,) methods
are used in control theory to combine controllers with the aim of achieving stabilization
with proper performance. Recently, this controller has been widely used in the field of
offshore platforms subjected to different conditions. Table 2 presents some examples of
effective Heos. However, there is no appropriate comparison between these controllers, in
other words, they have only been compared with conventional controllers. Therefore, it
seems that a comprehensive study on the Hoomethod with obvious patterns is required.
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Table 2. Various He, controller.

Author Year Method Results
. Vibration reduction
Zhang et al. 2005-2013 Delayed non-fragile The smaller control forces
[40-42] Heo
Better control performance
Zhang and Han Robust sliding mode Effects of tlm.e varyms delays
2013 on robust sliding mode Heo
[43] Heo
control
Minimization of the upper
Yan Robust mixed bound of the Hp performance
[Z 4]g 2014 H>/He measure
control Improvement of dynamic
performances
. Robust fault-tolerant ~ The safety and comfort level of
Sakth[lZ;]l etal 2015 sampled-data Heo the offshore structure
(control forces) Better effectiveness
Event-triggered Heo Gugranteemg the st?bll}ty
. Saving the communication
Zhang et al. with the
2016 resources
[46] network-based .
. Less control cost than simple
modeling

controllers (Heo)

In another study, it was reported that by solving the algebraic Riccati equation and
Sylvester equations, feedforward and feedback optimal fault-tolerant controller based on
dynamic fault observer design can be produced, which improves reliability and reduces
the control force, vibration amplitudes of the displacement, and velocity [47].

One of the most common events that cause damage and shortens the life of naval
platforms is collisions with ships and other floating objects, because ships are constantly
moving, docking to carry oil/gas and staff. In this regard, using probabilistic collision-risk
analysis can predict the probability of collision and the amount of damage. According to
Figure 9, to perform a probabilistic collision-risk analysis, the traffic information of ships
should be collected in a first step from a valid database, such as the Automatic Identification
System (AIS) database. Then, the frequencies and energies of the possible collisions are
calculated. To this end, all types of ships that pose a risk to a platform are considered, but
the degree of risk depends on various factors, including marine operations, traffic density,
and the location of the facility [48].

In a computational study conducted in 2020, a platform collision with a vessel was
modeled using the nonlinear explicit finite element code. In addition, the effects of various
factors, such as velocities and locations, on the severity of damage to offshore platforms
were analyzed. Figure 10a shows findings on the tubular member deformation, which
undergoes local and then global deformation. However, the transition from local to global
or vice versa depends on two parameters: thickness and strength of the colliding structures.
The energy absorbed by the collision of the vessel and platform is shown in Figure 10b.
It can be inferred that the fracture strain increases exponentially according to increasing
thickness [49,50].
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Figure 9. Risk analysis of ship—offshore platform collision [48].
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Figure 10. The collision’s effects of the OSV’s bow and jacket structure on absorbed energy and a
deformed tubular member [49]. (a) A schematic diagram showing local denting and overall bending
of a tubular, (b) Difference in maximum absorbed energy.

As a result, strengthening the members of the offshore platforms is very important.
Hence, the tubular members need more research attention, as the members maintain the
overall structure of platform, and their proper construction affect the service life of the
platform. The corrosion, which may significantly affect the service life of platforms, has led
recent studies to deeply investigate and try to reduce its impacts. Ahn et al. investigated
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the effect of this factor using artificial corrosion on tubular members. In that study, six
scenarios were performed under different conditions, including pitting damage using a
hand drill, damage by a mechanical process, corrosion area, depth and height, and different
sectional properties. Figure 11 shows the effects of different corrosions on the behavior of
tubular members under compressive loading, in which the R-T0 specimen was without
corrosion, the R-PT3 specimen was subjected to the random pitting, and with the D-HPT3
and D-HT3 specimens only half were corroded with different artificial corrosion damage,
and finally, the entire circumference of the D-FPT3 and D-FT3 specimens were corroded
with various types of artificial corrosion damage. The results show that the amount of
corrosion damage depends on the level of corrosion and the compressive failure mode.
Moreover, the residual compressive stresses of corroded tubular members can be calculated
by utilizing this method [51].

R-PT3 D-HPT3 D-HT3 D-FPT3 D-FT3

Figure 11. The specimens before and after the compressive loading tests [51].

In general, significant damage to offshore platforms starts with small accidents and
defects; for example, cracks are one of the most common factors that may cause damage to
a platform due to cyclic loads at different intervals (microcracks become macrocrack and
spread with higher speeds). A vibration test (VT) is a type of NDT test in which, the condition
of a part is determined by examining the symptoms and vibration parameters. In this method,
the existence of defect is realized by analyzing the data recorded through displacement, speed,
and acceleration sensors. VT accelerometers use a piezoelectric crystal. This crystal converts
sound waves into electrical impulses or pulses. This part connects to a mass, which is the
cover of the accelerometer, and vibrates due to the movements of the part. By vibrating the
mass and the crystal, a low voltage current is generated and sent to the receiver through
a preamplifier. In 2017, different algorithms and technologies were introduced for noise
monitoring. A block diagram of this system is shown in Figure 12, which was tested using
various defects, such as microcracks, pinholes, and micro deformation. It should be noted
that this method only allows the monitoring of defects that lead to emergency states [52].

The application of new generation dampers based on multifunctional materials has
been extended. Shape memory alloy (SMA) [53] and magnetorheological fluid (MRF)
are two well-known models of new generation dampers that increase the adjustability
and adaptability of a system [54]. Four models of these dampers, viscous-based, MRF-
based, SMA-based, and SMA-MRF-based, are shown in Figure 13. Due to this fact that
the SMA-MRF-based model is a combination of the MRF and SMA models, it has better
strain recovery and controllability features and cause a greater reduction in the drift ratio
for both stories of a two-story frame subjected to earthquakes [55].
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Figure 13. New generation dampers used for marine structures. (a) Viscous-based structural control
system [55], (b) Magnetorheological fluid (MRF) [55], (c) The SMA damper [56], (d) SMA-MRF-based
structural control system [55].

3. Reliability and Failure Probability

Reliability is a property of a system or element by which the probability of completing
a mission or task, under specified conditions, for a predefined time period, can be assessed.
In general, the reliability of a system is defined in terms of the failure probability. Thus,
first, it is necessary to know all components of the system and then their types of failures
can be predicted. After assessing the failure rate of a system, it will be possible to calculate
the probability of the system operating within its constraints. Moreover, identifying the
reliability index and the failure probability of the system are two key factors in assessing
the integrity and reliability of offshore platforms [57]. One technique for easily calculating
offshore platform reliability is to convert the entire system to sub-scenarios. In other words,
each member of the platform should be considered as a scenario and, with its failure, the
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load will be spread to other members, and the probability of failures of each member will
change. Equation (1) calculates the failure probability of the entire system [58].

k
pf(sys) = kz Psce (k) 1)
=1

where ps(sys) represents the failure probability of the entire system, k is the whole number
of scenarios, and Ps. is the occurrence probability that is related to each scenario.

In reliability calculations, all factors which affect the probability of failure should be
considered to have a correct analysis of the issue. In 2014, an attempt was made to evaluate
structural robustness using a reliability-based framework in the presence of earthquakes
(mainshock) and aftershocks. The results indicated that structural reliability under a single
seismic event is different from a sequence of seismic events, and the structural robustness
also depends on the amount of damage caused by each tremor [59].

As discussed, corrosion is a serious factor affecting the life reduction of offshore
platforms due to chemical reactions and the decline of minimum breaking strength. Fur-
thermore, wave climate change is another factor that is not usually fully addressed in
research. Wave climate change can greatly affect the life of offshore structures due to its
significant alternations during the year, and because it depends on different agents, such
as tidal and moon impacts, temperature, typhoons, etc. [60]. Du et al. reported that if
the simultaneous effects of marine corrosion and wave climate change on fatigue life are
overlooked, it is possible that fatigue life evaluation faces up to a 35% error in the long
term [61]. Therefore, the effects of these factors on reliability and the probability of failure
should be considered to obtain results that are close to reality. Unfortunately, due to the
high uncertainties, researchers have difficulty applying these factors to their calculations,
because it is too conservative to consider simplified modes, such as the linear corrosion
growth model (LCGM). Nevertheless, research into more complete examples continues, for
example, the time-dependent corrosion wastage model of metal structure [62,63].

Since, at development stage of any object, a failure may occur, then the object resistance
against a mechanical failure should be always considered and this is one of the main
challenges which most researchers are facing. However, the process of recognizing and
estimating the strength of objects has gone from experimental and elementary methods to
completely scientific methods in the present century. Various criteria and methods, such as
pushover analysis, global-local fatigue methodology [64], and multi-failure paths, have
been proposed to evaluate the failure probability and lifetime of offshore platforms, which
have been selected based on available data, as well as environmental and local conditions.
However, it should be noted that the superiority of these methods relative to each other is
vague, and more attention has been paid to the presentation of new models. In this regard,
some common methods and their results are summarized in Table 3.

Table 3. Various methods of failure assessment used in marine structure.

Author Year Method and Condition Results

Pushover analysis

Kurian et al. 2013 Bayesian updating theory for Maximum environmental load

[65] updating the failure probability
Pushover analysis Optimum mitigation measures
Ayob et al. Global ultimate strength assessment ptm &
2014 . . L. Different failure modes
[66] Simplified structural reliability . -
analysis Maximum environmental load
Lietal. The rib reinforcement can slow
[67] 2016 The damage control methods down the structural damage
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Table 3. Cont.
Author Year Method and Condition Results
Yu et al. The ice-induced steady-state The mechanism of failure
2019 . . . . . L
[68] vibration mechanism analysis The failure criteria

Path-dependent and
state-dependent robustness index R;
Structural overall dynamic
robustness index Rp

Structural robustness assessment
Determining all possible failure
paths

Lin et al. . Robustness changes in different
2019 Structural comprehensive . .

[69] robustness index R failure paths are different so that
Bearing-capacity-ratio mvitho d an unintended accident in small

cgo mg)inectlywith the probability paths has a severe

incremental-loading method effect on structural robustness

Moradi et al. 2020 Pushover analysis The improvement of safety
[70] The legs slope of jacket platforms factors and platform behavior

Failures that occur under dynamic loading conditions are generally called fatigue
failures. The main reason that why a fatigue failure is dangerous, is that it occurs without
prior awareness and visibility [71,72]. Fatigue failure in a brittle part occurs without any
significant deformation. Since offshore platforms are faced with a variety of dynamic forces
due to waves, wind, etc., fatigue analysis of these structures is inevitable to guarantee
financial and human capital. Failure-based design is a method which has been used to
design parts or structres in a platform. In most of these studies, finding the weakest part of
the structure and be strengthening it has been attempted [73]. In examining the fatigue life
of offshore platforms, methods such as deterministic, spectral methods [74], and S-N curve
approach [75] have acceptable performance. Figure 14 demonstrates a typical flowchart for
assessing the fatigue life of offshore platforms. Accordingly, the first step is data retrieval.
It can be said that this stage is of significant importance, and the accuracy of the results is
tied to the precision of the initial measured information. Therefore, the method selection
and accuracy of sensors is very important in evaluating fatigue life [76].

=
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‘ variation
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{1} Acceleration

measurements
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, N .

Figure 14. The methodology of fatigue analysis [76].

Figure 15 presents the comparison of optimization results of critical zones which is
related to an SPD19A platform located in the South Pars field in the Persian Gulf. CF
is one of the optimization methods that has specific constraints, including fatigue life
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200 4

in connections, horizontal displacement at the working point level, stress and buckling
design requirements in structural members, and structural adequacy control of connec-
tions. Another optimization method is WCF, which has all constraints except fatigue life
in connections. The members of the structure in terms of their positions were divided
into several groups: H, LB, GL, and VB. The use of optimization methods based on the
genetic algorithms is very helpful in solving complex problems with many parameters,
and fortunately this method is constantly being updated [77,78].

® Initial design ® CF-Optimization # WCF-Optimization

s 8 8 32z 2 20 88 35 8 8 =
::::::::3_:._1._1._1._138_‘3>
(a)
® Initial design ® CF-Optimization # WCF-Optimization
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Figure 15. Comparison of various optimization methods with and without considering fatigue life criterion as the con-
straint [78]. (a) The outer diameter (cm), (b) The thickness (cm).

Joints, especially welds, are the most sensitive parts that are prone to failure [79-81].
In other words, stress concentration, which is a destructive factor in fatigue life, causes the
connection, especially tubular joints (TJ), to fail. Fortunately, the importance of this issue
and the progression of numerical methods have led to the introduction of new models
and methods of welding and joining to reduce the impact of the stress concentration and
increase the safety factor [82].

In the end, it is worthwhile to be note that by studying previous works, it can be
inferred that, despite remarkable characteristics in the prediction and monitoring of systems
and structures and applications in the various fields, the vacancy of neural networks
and artificial intelligence in the discussion of design and control of offshore platforms
remains [83].

4. Conclusions

In the present study, the authors have attempted to provide a comprehensive review
on the latest and practical methods and approaches affecting the design, construction,
control, reliability, and the most important factors influencing on failure and fatigue life of
offshore platforms. The most important points of this research are:

e  Research shows that Europe has made a targeted and strong investment in generating
electricity through wind turbines installed in offshore structures. In the next few years,
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it will increase its dependence on this industry five times what it is now. This requires
extensive research on this subject, and scholars will pay more attention to it.

e  One of the most evident environmental problems of wind turbines is dealing with
migratory birds. Therefore, the issue of bird migration and their routes should be
considered in the design of wind turbine installation by engineers. In this regard, the
problems of offshore wind turbines are far less than those of wind turbines on land.

e  One of the most essential design criteria in offshore structures, especially wind tur-
bines, is to consider the dynamic behavior of the structure under wind loads and forces
from sea wave clashes. It is also very important to study the corrosion phenomenon
due to the salinity of seawater. In addition, the study of the simultaneous impact
of this phenomenon and the previously mentioned dynamic forces is very complex,
which makes it necessary to accurately estimate the service life of equipment. In
addition, the possible occurrence of some events should be considered according to
the geographical situations like storms, earthquakes, and freeze.

e  One of the most common events that cause damage and shortens the life of naval
platforms is the possibility of ships and other floating objects colliding with the
platforms, because ships are constantly moving, docking to carry oil/gas and staff,
etc.

e  The most sensitive parts of marine structures, which are prone to failure under cyclic
fatigue loads are different types of welds and joints.

e  There are different methods to improve the strength of offshore platforms, including,
eliminating irregularities, adding additional parts, use of energy dissipation systems,
etc., but in all of them, special attention should be paid to the problems caused by
asymmetry in the system.

e  Assessing and monitoring the health of offshore structures is crucial due to financial
and human interests, so an expert team should be involved in this area. On the
other hand, this issue is more important than the design stage. The design process
is done in one step and, after the construction, the work of that team is completed,
but the inspection team in each period addresses changes in working conditions
and equipment health and must make new decisions. In other words, the task of
the inspection team is dynamic. Therefore, different methods for evaluating these
structures are presented and developed by researchers.

e  This comprehensive review helps and guides scholars, engineers, and designers of
offshore platforms to find suitable ideas and appropriate methods to advance their
projects.

e  Additionally, according to the literature review, there are several valuable suggestions
for future work, including;:

e  The lack of using artificial intelligence methods in this scope is noticeable and should
be considered, because these methods have remarkable potentials in predicting af-
fected factors and solving problems to enhance the quality of evaluations.

e By employing deep learning machine tools, the life and damage in large structures can
be predicted and heavy repair costs and long downtime for replacement of damaged
parts can be avoided.
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