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Abstract. Existing offshore areas require development and mining using floating structures. The article
presents design issues and settings of anchor mooring systems for marine floating structures. Improving
and optimization methods for mooring systems, presented in publications of Russian and foreign authors,
are discussed. The parameters influencing the safety of floating marine structures operation are identified.
The parameters that are advisable to take as criteria are discussed. The restrictions imposed on non-criteria
parameters are considered. The optimization criterion of the marine floating structures mooring systems in
extreme operating modes is formulated. An optimization method for mooring systems is suggested in
accordance with the proposed criterion. The study gives an example of mooring system optimization in the
storm mode for a platform operated in ice-free seas. A similar methodology can be used for mobile iceresistant platforms, conceptual variants of which are being developed for operation in Arctic conditions.
Research results were obtained by the method of mathematical modeling.

1. Introduction
The development tasks of the global ocean resources lead to the need of the construction and
operation of various structures that have been functioning for a long time in offshore waters. Many of these
structures have ability to move in offshore waters and positioning in the targeted water area using an anchor
mooring system. Such floating objects include semisubmersible drilling platforms, floating cranes, floating
berths, floating power structures, offshore pipelay vessels, submerged floating tunnels, etc. [1].
Operation of offshore structures is always associated with the risk of serious accidents due to
extreme environmental loads. Often such structures operate in offshore waters, where the impact of wind
loads and extreme storm waves can lead to irreversible effects. High cost of structures, their isolated
location from coastal bases and the availability of operating personnel constantly working at these
structures determines highest requirements for reliability and structure safety.
One of the most important factor determining safety of the considered floating structures is mooring
system failure-free operation. It must ensure the upholding of all restrictions due to the continuation of
normal operation or survival preservation of the marine structure under any environmental loads [2, 3].
At the design phase of an offshore floating structures or at the design phase of positioning it in
offshore waters, it is always necessary to solve the issues of the composition and configuration of its
mooring system, the azimuthal orientation of the floating anchored structure, the selection of the lengths
and tension of mooring lines, influence of mooring angle, etc. This task leads to different solutions
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depending on the floating structure characteristics, the intensity of the expected environmental loads, the
depth of the marine waters, etc.
Searching for the best decision for the mooring system parameters presume the ensure of the highest
level of the structure safety within the prescribed operating conditions.

1.1. Problems of mooring systems design and floating structures positioning
The problems that appear at the design stage of the mooring system for the floating structure are
associated with the uncertainty of the environmental conditions for its practical use. The offshore floating
mooring structures are mobile. In prospect they can be used in different seas, at different depths, in water
areas where the parameter of wind-wave conditions differs very significantly. Designing of a newly created
mooring system requires parametrization: number of lines of the mooring system, their maximum length,
caliber of the chains or cables of these lines, location of the hawser hole on the structural body, linear
weight and elasticity-strength characteristics of the elements of the mooring line, mooring line type, mass
and the holding force of the anchors.
Selection of parameters usually depends on the maximum permissible values of wind velocity, height
and wave period, sea depth due to the uncertainty of the environmental conditions in the water area of the
structure position. This ensures the safety of structure positioning during usage of the mooring systems. In
any case the process of creating a mooring system is associated with ranging the values of numerous
parameters and searching for such combinations of these parameters at which the structure is capable of
safely functioning under extreme environmental loads.
The problems that appear at the stage of structure positioning in certain water area look more
precise. In this case the external conditions, the number and configuration of the mooring lines, their elasticweight characteristics, the parameters of the floating structure anchors are already known. It is necessary
to determine the best orientation of the structure, mooring lines layouts, their length and tension to ensure
the unconditional safety of the structure during the period of extreme storms expected in a certain water
area. It is also necessary to find the best combination of the listed characteristics that ensure the highest
safety level of the structure's functioning under the worst external conditions.
Commonly it is possible to change the tension of the lines of the structure with an already deployed
mooring system during its operation. This ensures that the conditions for the operability of the structure are
met. In this mode it is necessary to select the tension of the lines to fulfill the constraints of the structure's
operability (more severe than in the storm mode) or to select the extreme external conditions under which
the operation of the structure is permissible.
The problem of optimization of the mooring systems for keeping floating anchored structures in a
storm (survival) mode is considered in this article. This task is wider in comparison with the task of
optimization in operation mode. At the same time, this task is one of the main elements of the optimization
of the mooring systems at the stage of its initial design.

1.2. Mooring systems design experience
The experience of designing mooring systems and methods for determining the parameters of these
systems are presented in a number of Russian and foreign publications.
In particular, the regulatory document of the Russian Maritime Register of Shipping ND 2-020201015 “Rules for the classification, construction and equipment of mobile offshore drilling units and fixed
offshore platforms” for floating drilling units contains recommendations on the choice of mooring lines for
use at the stage of driving the platforms to the positioning point: estimating the length of mooring lines
method, their caliber and mass of anchors based on the given displacement of floating structures and its
surface exposed to the wind. This method is very approximate, applicable for a limited range of wave and
wind velocity. It does not take into account the mooring lines position, so its application to the analysis of
the platform mooring system in operation or storm modes is problematic. In the same regulatory document,
it is proposed to study behavior of the mooring systems in various modes of operation to select their
parameters, to determine the extreme forces in the elements of the mooring system, to compare them with
safety criteria and, on this basis, to improve the configuration of the mooring system. However, the
organization procedure for improving the parameters of the mooring system, parameter determination
procedure of this system is not stated in the regulatory document.
Nevertheless, the engineering practice of Russian design organizations in the design of the offshore
anchored structures complies with the provisions of the regulatory document of the Register of Shipping.
For example, in [4], the authors show the mooring system design, performed using the “POSITION”
software package in accordance with ND 2-020201-015 “Rules for the classification, construction and
equipment of mobile offshore drilling units and fixed offshore platforms”. The results of the work make it
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possible to determine the main parameters of the mooring system and to make a conclusion that the
mooring system provides a reliable position of the platform with a permissible displacement.
The influence of various loads on the movement of a floating structure and on the mooring system
was studied in [5]. The authors also consider the horizontal stiffness of the system as the main parameter
characterizing the operational safety. But during the preliminary design of the mooring system the following
safety criterion is taken into account: the maximum tension of the mooring line should not exceed the
allowed values. Dynamic analysis for three different depths was performed in time domain using SimoRiflex-AeroDyn software packages.
Similar criteria are discussed in article [6]. The authors presented the results of the mooring analysis
of semisubmersible platform Scarabeo 7 according to the rules of two classification societies: American
Petroleum Institute (API) and Det Norske Veritas (DNV). The aim of the study was to compare the obtained
results. During positioning of an offshore object the main criteria must be observed. The authors also
include maximum displacement of the object limited to avoid damage or breaking of riser and the maximum
tension in lines, determined by the safety factor.
The requirements for the safety factor as a criterion for assessing the positioning system are also
considered by the authors in [7]. Safety factors represent the ratio of breaking load to maximum force in
the most loaded mooring line. Numerical modeling was carried out in software package “Anchored
Structures”. The calculation analysis had given a high convergence of the results with real processes.
Similarly, the requirements of the “Rules for the classification, construction and equipment of mobile
offshore drilling units and fixed offshore platforms” are taken as the main criteria for determining the
parameters of mooring lines in article [8]. The authors performed a series of preliminary calculations to
determine the effective length of the mooring line and chose the length of the line at which the vertical force
transmitted to the anchor equals zero. Mooring parameters were assessed using the POSITION and
“Anchored Structures” software packages.
The study of a floating structure movement and the selection of a suitable mooring system are
discussed in [9, 10]. Seven symmetrical mooring systems were modeled, consisting of four or eight mooring
lines to find the best mooring system. The results of the analysis show that the optimal mooring system is
a variant with eight lines and 60° angle between two adjacent lines (the criterion for comparison is the
smallest horizontal displacements). Second variant is the one with eight lines and 30° angle between two
adjacent lines (the criterion is the lowest tension values).
The authors of the listed articles perform the design and analysis of the mooring systems operation,
choosing various parameters of the system as an evaluation criterion. Mainly mooring systems selected for
the calculation are not further optimized because they are sufficient for the normal operation of the structure.
Due to the high computational efforts associated with modeling of the mooring systems, optimization
algorithms are not used in the design cycle. Without the use of formal optimization approaches the design
of mooring systems is limited to an iterative engineering and design approach based on experience and
search for an acceptable engineering solution.
In a number of foreign articles, the authors approach the issue of optimization in more detail using
heuristic methods [11–15]. One such method is the genetic algorithm. A genetic algorithm is a type of
evolutionary computation that solves optimization problems using natural evolution methods. The algorithm
is an incomplete enumeration of mooring systems variants, which improves the value of the objective
function. For example, in [16] the goal of optimization is to minimize the displacement of the structure. The
minimum value of the objective function is calculated using an iterative genetic algorithm. The result is
optimized anchor positions. In this case the set of environmental conditions (waves, winds loads and sea
currents) is converted into equivalent external static force acting on the floating structure. Dynamic analysis
of the floating structure behavior is not used in the calculation of mooring systems.
The genetic algorithm is used in the article [17], which describes the procedure of developing the
code aimed at solving the problems of optimization of the mooring pattern. The author defines the optimal
mooring system as the one that minimizes the constraint force of the floating structure (platform) itself. In
this case, the author, in addition to the displacement of the structure, takes into account the following
aspects affecting the choice of the optimal system: angle of the structure position, the platform mooring
system, distribution of external loads; the length and tension of each line for selection of materials and
sizes. The objective function which takes into account the displacement of the structure, is calculated in the
MIMOSA software package, while the genetic algorithm is executed using the MatLab language. The
genetic algorithm is also successfully applied in works [18–20].
Adequate results of the optimization process can be shown by the particle swarm method. It
considers calculating a large number of mooring system variations to create a point cloud, within which it
is possible to search for the best value of the objective function. This approach is used to solve the problem
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of floating platforms positions in [21, 22]. In [21] modeling was carried out for deep-water systems in the
PROSIM software for the operating mode, taking into account the maximum allowable offset of the structure
in order to avoid riser breakdown, as well as taking into account the safety factor. This algorithm has already
been successfully used by the authors for another OtimRiser software package in [23].
A review of existing works by Russian authors suggests that most of the modeling and calculation
methods allow calculating pre-selected mooring lines, but the issue of choosing the optimal position system
and its adjustment is not solved. Because of this an engineer has to select a mooring system based on
design experience, model and calculate its parameters. Then it’s necessary to iteratively improve the
parameters to values satisfying the safety criteria.
As for foreign studies, works with the use of fuzzy logic are presented on the issue of optimization of
mooring systems. The approaches make it possible to form a fuzzy set, and the optimization problem
implies the choice of the «middle» variant that satisfies the given constraints. The result is not an optimal
solution, but a close to optimal one. In addition, in the considered solutions modeling the behavior of an
anchored structure and the operation of its mooring system are considered separately from the optimization
procedure. Processes are executed in different software environments. This approach excludes the
possibility of obtaining an exact optimal solution.
It is therefore possible to conclude that the development of methods that allow obtaining an accurate
optimal solution for the parameters of the mooring system for marine floating anchored structures is a logical
completion of the ideology of Russian regulatory documents (for example, ND 2-020201-015 “Rules for the
classification, construction and equipment of mobile offshore drilling units and fixed offshore platforms”),
develops methods for finding optimal solutions based on planning numerical experiments [24, 25] and
allows to abandon approximate solutions of fuzzy logic in a number of practical problems.

1.3. Problem definition
In the scope of this article the following tasks are set:
•

Identify the parameters affecting the floating structure safety in general and mooring system in
particular.

•

Determine a parameter that can be accepted as a criterion value.

•

Identify constraints in the design of mooring systems.

•

Formulate an optimality criterion for the survival mode.

•

Develop a method for optimization of the mooring system of a floating anchored structure in survival
mode.
There are a number of parameters characterizing the behavior of an anchored structure under the
influence of static and dynamic environmental loads, which affect its safety:
1. The mooring lines tension, which must not exceed the ultimate breaking load at any time.
2. Horizontal displacement of the structure, which must not lead to damage to its structural elements.
3. Vertical displacement of the structure, which must not lead to the climb of waves on the deck of
the structure.
4. Angular displacement of the structure, which must not obstruct the functioning of the structure
and the crew life.
5. Lack of the anchors movement, which guarantees the preservation of the initial characteristics of
the structure mooring system.
To solve the optimization problem, it is necessary to determine which of the listed parameters have
the greatest impact on the behavior and operation of the entire structure. To do this it is necessary to take
into account the consequences to which they can lead:
1. Lines break can certainly lead to emergency situations.
2. Horizontal movements during operation mode can lead to riser break. This could be the cause of
the oil spill. However, the risers are usually detached in survival mode (extreme storm) and this parameter
becomes insignificant.
3. Vertical movements of the structure, which can lead to the climb of waves on the deck, are an
undesirable event. But it does not necessarily lead to emergency consequences.
4. Large angular displacements of the structure are usually undesirable, but do not lead to
emergency consequences.
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5. Due to the anchors movements, the floating structure may have displaced and the properties of
the mooring system may change. Movements of anchors are usually not allowed in the operating mode of
an anchored structure. However, in survival mode, when there are no restrictions on the linear movement
of the structure, the movement of the anchors will not lead to an accident. After the storm is over, the
mooring lines tension and the settings of the mooring system can be reset.
Thus, the lines tension can be taken as the criterion that mostly determines the safety of a floating
structure. The remaining parameters can be considered as constraints that will be taken into account during
mooring system optimization according to the selected criterion.

2. Methods
2.1. Formulating of the criterion for the mooring system optimization
in survival mode
Floating structure must be positioned in the water area and must be held by an anchor mooring
system in survival mode. In this case, the orientation of the structure, which is characterized by the azimuth
angle β, is the subject of research in the optimization process.
The mooring lines of the floating structure have a known maximum possible length, and their elasticweight characteristics are presented in the technical passport. The length of the lines can be calculated
during the optimization process and it is limited by the following formula:

H ≤ L ≤ Lmax ,
where

(1)

L is the line length used in the mooring system, H is the sea depth, Lmax is the maximum possible

line length.
The number of mooring lines N is known; the inclination angles are selected during the optimization
process.
The initial lines tension including the margin of safety should not exceed the breaking force. This
safety factor is determined by ND 2-020201-015 and depends on the selection mode (survival, operation,
emergency mode), as well as on the method of analyzing the behavior of the structure (quasi-static or
dynamic). Thus, the formal constraint on the initial tension is:

0 < F0 < Fb kn ,
where kn is the standard safety factor for the mooring lines tension,
lines,

F0

(2)

Fb

is the breaking force of the mooring

is the initial tension of the mooring lines.

Commonly a floating anchored structure which is positioned in the offshore waters is exposed to
wind, currents and waves. These external loads are time-dependent and can impact in different
combinations and from different directions. Usually, combinations of loads are taken during the analysis of
extreme impacts. These loads combinations are typical for each force direction taking into account the wind
rose, currents and waves. In prospect, the force direction will be designated by the index k (for example,
=
k 1, 2 …8 ).
Formalizing the idea of the greatest safety of a structure from the point of view of the tension margin,
the best variant will be: such a variant of the mooring system when the most tension margin in the most
tensioned anchor line is retained (on the worst combination of external loads (the worst load direction) in
extreme storm). The mathematical formulating of this criterion is presented below:




Fb
,
F0 , Li , β, αi k  max Fi ,k ( F0 , Li , β, αi ) 
 i

max

where

F0

min 

is the initial tension of the mooring lines,

Li

(3)

is the length of the line with the number

i ( i = 1, 2, ... n ) , αi is the plan inclination angle of the line, β is the azimuth angle of the structure.
The proposed criterion assumes that certain parameters of the lines are defined. The line tension
and the azimuth angle of the structure are known, line length and the plan inclination angle of the line are
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defined. Further, the behavior of the structure under storms from different directions (k) should be modeled.

(

)

The maximum tension  max Fi ,k F , L, β, α  calculated in any line is determined for each direction.



i

0

The safety factor for this “worst” line is calculated. The safety factor for the “worst” line under the external
loads from the “worst” direction

( min )

is determined as the result of such numerical experiment. Then,

k

changing the parameters

F0 , L, β, α

it is necessary to find such combinations for which the “worst” safety

factor will be the maximum possible.

2.2. Solution procedure
Mathematically the task solution is minimizing the functional J subject to series of restrictions:




Fb
 J ( F , L , β, α ) = max min 

i
0 i

F0 , Li ,β,αi k  max Fi ,k ( F0 , Li , β, αi ) 
 i



min Δ k > Δ 0

k

max ϕ x,k < ϕ xmax   

k
,

ϕ
<
ϕ
max

y ,k
ymax   
k

F

max Fi ,k < b

i
kn


Lmin < Li ≤ Lmax

αi −1 < αi ≤ αimax

where

Δ0

(4)

и Δ k are the minimum permissible clearance of the floating structure and the minimum

clearance recorded during modeling an extreme storm from the “ k ” direction;

ϕ x,k and ϕ xmax    are the

maximum angle of roll of the structure during modeling an extreme storm from the “ k ” direction and the
maximum permissible angle of roll; ϕ y ,k and ϕ ymax are the maximum trim angle of the structure during
modeling an extreme storm from the “ k ” direction and the maximum permissible trim angle;
maximum line tension with number

Fi ,k is

i under the impact of a storm from the “ k ” direction.

The initial values of the optimized parameters are determined as follows. The initial tension of all
mooring lines is equal in value within the limits (2). The tension of all lines changes during implementing
the optimization procedure, but it also remains equal in all lines to ensure a symmetric constraint force from
the multidirectional loads.
The azimuth angle of the structure varies within

π ) in the process of optimization because of the
( 0,  

symmetrical form of floating structures about the direct axis. The initial angle value is arbitrary within the
definition limits.

i
( i = 1, 2,...n ) . To start the optimization process, the initial values of the lines plan inclination angles α i
The plan inclination angles of the lines are set and changed for each line with the number

can be presented as follows:

α1 =α 0 , αi + 1 =  
α i + 2π N ,

where

α0

is an arbitrarily assigned angle,

index i determines the number of the line, N is the number of mooring lines. To keep the symmetric
constraint reactions of the mooring system, the plan inclination angles of the lines that are in the first
quadrant are considered as independent. The remaining plan inclination angles are determined by
symmetry about the X-axis and Y-axis. The initial values of independent angles are set in the range

( 0, π / 2 ) so that the plan inclination angle of every next line will be greater than the previous one.
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The initial line lengths are set the equal based on constraint (1). The lengths of the lines located in
the first quadrant are considered as independent to ensure the equal constraint force in mooring lines under
the multidirectional loads during further optimization. The remaining lengths are taken equal to them by
symmetry about X-axis and Y-axis.
Thus, to solve the problem it is necessary to perform a multiparameter optimization of functional (4)
with known initial values of the variables and with a number of constraints.
First, it is necessary to discuss the nature of the functional J. The functional must be convex,
continuously differentiable and must have continuous first and second derivatives to apply most of the
methods for finding an extremum. Unfortunately, this functional is specified implicitly and it cannot be
investigated formally (analytically) from the point of view of the indicated requirements. However, from
physical considerations, it can be assumed that it is convex. The formal accounting of existing constraints
written in the form of inequalities is a separate issue. Unfortunately, these constraints also have no
analytical form and specified implicitly. In this regard, it is difficult to use, for example, gradient methods
with a gradient projection onto the constraint zone [26], because the zone of constraints is unknown in
advance and it is update during the research.
In prospect it is proposed to form a functional that would include all constraints by using the penalty
function [26] taking into account the features of the functional and constraints (4):

=
J f ( F0 , Li , β, αi )



Fb
−∑S ,
max min 
q

αi ,β, Li , F0 k
max Fi ,k ( F0 , Li , β, αi ) 
 i


(5)

where S q is the penalty function generated for each constraint from (4).
In functional (5) compared to (4) all constraints are presented in the form of penalty functions

Sq ,.

Each of them is responsible for the penalty for constraint violation with number q. If all constraints are met,
we will get the same functional (4).
The penalty function for an arbitrary parameter

x ( a < x < b ) is proposed to be entered by following

formulas:

a −x+ a −x
S = p   
,
a
x−b + x−b
S=p
.
b

(6)

The penalty function in the form (6) takes zero value in the zone where the constraint is fulfilled. It
has a positive numerical value in the zone where the constraint is violated. The p factor is used to scale the
penalty function.
To find the extremum of the functional (5), the method of sequential optimization of the functional
with respect to each of the arguments is used. In this case, optimization (5) for the parameters F0 , β, αi , Li
is sequentially carried out until the value of the objective function stabilizes in the zone of the extreme value.
The problem is deemed to be solved if the extremal value of functional (5) is found, and the formula
∑ Sq = 0 is satisfied.
The procedure is implemented for one current variable

F0 , β, αi

or

Li

at each step of the

coordinatewise optimization. For optimization (5), the method of dividing the interval is used. At the first
step of the optimization procedure the initial interval is divided into three parts by two new control points
insertion. Then the values of the functional at these new points are calculated. And then, for further
research, the interval is left where the control point with the extreme value of the functional is located. The
procedure is repeated cyclically. The interval where the extremum is located is reduced at each step. The
procedure stops when the size of the uncertainty interval becomes comparable to the permissible error.
There are three similar approaches that implement this idea. These are the half-interval method, the
Fibonacci method and the golden section search method [26]. All of them differ only in the way the interval
is divided into parts. The errors of these methods are comparable, but the golden section method and
Fibonacci method have a noticeable advantage. This is due to the special method of dividing the interval,
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when one of the two control points that divide the interval is used in the next iteration. In this research the
golden section method has found practical application. It requires “ M ” numerical experiments

=
−4.82 log ε ) (relative result error ε
( М   

of the extremum search).The “ M ” value in practical tasks was

within limits of 10 ones.

3. Results and Discussion
The stated methodology was implemented in software package [27], which allows modeling in the
time domain the behavior of offshore floating anchored structures under the loads of wind, current, waves
and ice. The software implementation of the methodology and the capabilities of the software package
made it possible to perform parallel modeling of the behavior of anchored structure on a personal computer
while simultaneously solving eight problems in the time domain associated with the storm loads from
different directions. The researched works mainly propose the use of foreign software systems to model
the behavior of anchored structures, such as Simo, Riflex [5], MIMOSA [17], MOSES [18], ANSYS Aqwa
[28] and next working with optimizing program to select an anchor mooring system. It is difficult to find a
rigorous solution to the optimization problem with such division of functions. An integrated optimization
procedure, an element of which is a comprehensive mathematical modeling of the behavior of the
investigated object, is proposed in this work.
Mooring system optimization for a semisubmersible floating platform MOSS CS50 MK2, installed at
a depth of 90 m in the area of the Kirinskoye gas condensate field to the East of the Sakhalin Island is
considered as an example.
The platform is positioned at the drilling location by mooring system that includes 8 mooring lines.
The mooring system is represented by 84 mm chains with a total length of 2130 m; the studded chain with
NV P5 category with a breaking load of 8381 kN. The linear weight of the chain is 1.6 kN/m, Young's
modulus is 0.58×108 kN/m. 3D geometrical model of the platform was prepared for the numerical modeling
in software package “Anchored Structures”. It is shown in Fig. 1.
The external loads typical for a storm with 100-year return period were taken from Reference data
on the regime of wind and waves of the Barents, Okhotsk and Caspian seas (The Russian Maritime
Register of Shipping) to study the behavior of the platform in survival mode. The external conditions were
accepted for extreme load mode in accordance with ND 2-020201-015 “Rules for the classification,
construction and equipment of mobile offshore drilling units and fixed offshore platforms”. The rose of
external loads has an asymmetry. Hull resistance coefficients were taken from the platform technical
passport. Next, multiple time domain modeling of an extreme storm duration of 6 hours and from 8 different
directions was performed. The behavior of the platform and extreme tensions in the mooring lines were
investigated based on the modeling. On this basis, the mooring system was optimized using criterion (5).
In the initial position it was assumed that the azimuth angle of platform was 45°, the length of all
mooring chains had maximum possible value of 2100 m. The mooring lines on the plan had the similar
degree step of 45° and the first line has an angle of 22.5° with the longitudinal axis of the platform.

Figure 1. General view of platform geometrical model.
The first optimization step, associated with the search for the best tension of the lines (Fig. 2), showed
that in the initial position the initial tension of 500 kN is the best value. The safety factor of the mooring lines
with the initial configuration is on the edge of the permissible value ( K n = 1.5) according to ND 2-020201015. The second optimization step (Fig. 3) showed that the maximum possible length of mooring lines is
the minimum allowable one. Negative values in Fig. 2 and Fig. 3 appear when any of the restrictions from
(4) are violated, which reduces the functional J f so much that its value cannot pretend to be an extremum.
The 135° azimuth angle of the platform was found to be the best based on the comparison of storms from
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different directions. Next the search for the best plan inclination angle of the line was performed. Only the
first two angles are independent that is why the best values of the first two angles were determined:
α1 = 10.5, α 2 = 77.5 (other ones are determined on the basis of symmetry). The mooring system
parameters which provide the safety factors for the tension of the mooring lines were obtained after the first
cycle of the optimization procedure.

Jf

Figure 2. The value of the functional Jf at the first step of the initial tension optimization.

Figure 3. The value of the functional Jf at the first step of the line length optimization.
The initial values of the parameters obtained in the previous cycle were used in the second cycle of
optimization. The newly obtained parameters of the platform positioning were determined by the following
parameter values: the platform azimuth angle from 0° or 180° (the azimuth angle had little effect on the
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value of the optimality criterion: the worst safety factor for the lines tension varied within 1 % in the range
of azimuth angles variation). The optimal initial tension is 450 kN, the length of the lines is 2100 m, the
values of the independent plan inclination angles of the lines are α1 = 10.5, α 2 = 87.5. Fig. 4 presents the
comparison between the initial location of mooring lines and optimized one.

Figure 4. Location of mooring lines: a) — initial case; b) — optimized case.
According to the results of the second optimization cycle, the safety factors for the lines tension were
obtained. Comparison of safety factors values are shown in Table 1.
Table 1. The lowest safety factor for tension in anchor lines.
Direction

Initial safety factors

N
E
S
W
NE
SE
SW
NW

1.46
1.53
1.50
1.62
1.68
1.75
1.90
1.70

Safety factors at the first
optimization step

Safety factors at the second
optimization step

1.66
1.68
1.68
1.75
1.74
1.64
1.96
1.62

1.66
1.67
1.80
1.79
1.82
1.82
2.10
1.81

Thus the optimization procedure in this example made it possible to determine the characteristics of
the mooring system, when the initial value of the criterion safety parameter is improved by 10 % on the
average, as well as made it possible to leave the boundary of the minimum permissible values of the safety
factors for the tension of the mooring lines. The performed test calculation also confirmed the convexity of
functional (5) and the convergence of the optimization procedure. The performed optimization procedure
based on numerical experiments in the time domain, implemented in software package, makes it possible
to abandon the fuzzy logic tasks presented in a number of works [14–17].

4. Conclusions
The problem of choosing the parameters of the mooring system that ensure the highest safety of the
structure in operation is always emerge at the design phase of an offshore floating anchored structures or
at the design phase of positioning it in offshore waters.
The problem of choosing the best parameters of mooring systems can be formulated in various ways,
which can lead to multicriteria and multiparameter optimization problems. The solution of the problems of
choosing the mooring systems parameters in the most complex formulation is possible using the methods
of fuzzy logic, which allows finding acceptable solutions.
A variant of the formulation of mooring system optimization problem for floating anchored structure
in survival mode is proposed in this article. This allows to find an exact optimal solution for the main
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parameters of the mooring system. A method for solving the problem of multiparameter optimization of the
mooring system characteristics is proposed, which is implemented using existing software products that
modeling the dynamics of offshore floating structures under the environmental loads.
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