
 
 
 

Journal of Advanced Research in Ocean Engineering 1(4) (2015) 252-267 
http://dx.doi.org/10.5574/JAROE.2015.1.4.252 

 

 

Prescreening of Environmental Conditions for Prediction of Severe 
Operation Condition of Offshore Structures 

 

Dong-Hyun Lim1, Yonghwan Kim1*, and Taeyoung Kim2 
1Department of Naval Architecture and Ocean Engineering, Seoul National University 

2Samsung Ship Model Basin, Samsung Heavy Industries 

 

(Manuscript Received September 10 2015; Revised October 17, 2015; Accepted December 1, 2015) 

 

Abstract 
 
Offshore structures might encounter several environmental and operating conditions during their lifetime of 

several decades. In order to predict the dynamic behavior of offshore structures, several simulation cases should 
be considered to deal with all the combinations of ocean environments and operating conditions. Because a 
sophisticated time-domain coupled dynamic analysis requires an extremely large amount of computational time 
to handle all the possible cases, an efficient preliminary process to prescreen the probability of severe environmen-
tal conditions can be helpful in downsizing the number of simulation cases and computational effort. In this 
study, a prescreening procedure to reduce the number of environmental conditions for dynamic analyses of off-
shore structures is proposed. For the efficiency of the procedure, frequency-domain theories were adopted to 
estimate the platform offset, using quasi-static analyses in line tension prediction. The results were validated 
by comparing with those of dynamic analysis coupled between platform and mooring lines, and reasonable 
agreement was observed. In addition, the characteristics of environmental conditions classified to be severe to 
the system were investigated through the application of the developed prescreening scheme to several actual 
environmental conditions. 
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1. Introduction 

 Most offshore structures operate in fixed locations for a long period of time. In particular, the service pe-

riod of offshore production facilities may extend up to several decades depending on the well condition. 

Therefore, offshore structures and mooring systems must be designed to endure various environmental con-

ditions that they might encounter during their lifetime, and this requires an accurate estimation of the ex-

treme values of design parameters, such as the offset of platforms and the tension in mooring lines and risers. 

Therefore, for this task, numerical simulations are mostly preferred over experimental methods because of 

their relatively easy and inexpensive implementation and a reasonable degree of accuracy, which has been 

proved by several studies. 

The numerical analysis of floating offshore platforms moored at sea includes certain nonlinearities, which 

originate mostly from the effects of coupling between the platform and mooring lines and the nonlinear vis-
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cous drag forces. The geometric nonlinearity in mooring lines arising from large displacement slow-drift 

motion of the platform is also a source of complication. This is because the analyses of wave frequency and 

low-frequency motions become inseparable because of instantly varying stiffness, inertia, and damping 

properties. Hence, several recent studies have tried to analyze the problem by using the coupled dynamic 

analysis in time domain, where a direct consideration of the nonlinearities is feasible. For example, Ormberg 

and Larsen (1998) compared the results of coupled and uncoupled time-domain analyses, which showed that 

uncoupled methods have a tendency of underestimating design parameters such as platform displacements 

and line tensions. Emmerhoff (1994) and Kim and Sclavounos (2001) developed their own numerical code 

for fully coupled dynamic simulations, later named as SML(SWIM-MOTION-LINES). Wichers and Devlin 

(2001) also conducted a fully coupled time-domain analysis for the dynamics of a turret-moored floating 

production storage offloading (FPSO), and they concluded that coupling effects are significant especially 

when a loop current exists. Kim et al. (2005) developed a numerical tool for fully coupled time-domain 

analysis method and validated the simulation results through comparison with the results of an experiment 

performed by Offshore Technology Research Center. 

Despite the success of the fully coupled time-domain analyses listed above, because of the high computa-

tional costs associated in performing them, there is an on-going demand for simpler analysis methods from a 

practical point of view. Among these simplified analysis methods is the uncoupled analysis, e.g., Ormberg 

and Larsen(1998) showed that results from the uncoupled analysis have a reasonable degree of accuracy 

when considering current forces and low-frequency damping contributions from moorings and risers as ad-

ditional loads on the platform. Correa et al. (2002) proposed a numerical free decay test to estimate the 

equivalent inertia and damping coefficients used in the uncoupled method. The frequency-domain approach 

has also gained much attention as a practical method because of its computational efficiency. For example, 

Low and Langley (2006) derived frequency-domain equations for the coupled dynamics of platform and 

mooring lines with the proper linearization of nonlinear drag forces. They observed that the results were in 

good agreement with the results of the fully coupled time-domain analysis for the deep water case, since 

wave frequency and low-frequency motions may be separable because of the weakened geometric nonline-

arities in mooring lines with increasing water depth. However, these simplified analysis methods have been 

considered impractical because a large number of simulation cases must be considered at the beginning of 

the design procedure in order to obtain the extreme conditions. If all the environmental and operational con-

ditions that a structure may encounter during its lifetime are taken into account, the number of simulation 

cases that must be considered at the initial design stage can be order of million. The analysis methods de-

scribed previously cannot deal with such a large number of simulation cases. Hence, a prescreening proce-

dure to drastically downsize the number of simulation cases is being sought in the industry, and the present 

study has been conducted based on this background. 

In this study, a systemized prescreening procedure is proposed to efficiently downsize the number of envi-

ronmental combinations for the design analyses of offshore structures and mooring systems. Prompt estima-

tion of risk factors, such as platform offset and mooring line tension, is possible through this procedure. 

Since the present study focuses more on the efficiency and expeditiousness of the procedure rather than a 

high degree of accuracy, a quasi-static uncoupled frequency-domain analysis was utilized. For the founda-

tion of the applied methods and the validation of the prescreening results, a series of time-domain coupled 

analyses were performed with a commercial software, SML. Finally, the actual prescreening of numerous 

environmental conditions was performed, and the characteristics of environmental conditions classified to 

be severe to the system were investigated. 

2. Prescreening Procedure 

 The present study proposes the development of a prescreening procedure in order to deal with the massive 

number of simulation cases. The proposed procedure focuses mainly on the efficiency and expeditiousness of 

calculations rather than on highly precise analyses. Hence, despite having a poor accuracy, a quasi-static fre-

quency-domain uncoupled analysis method is selected for the present study. 
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The frequency-domain analysis is conducted on the basis of the superposition principle, which states that 

the loads and responses of combined frequencies can be constructed by summing up those of individual 

frequencies. The linear wave component satisfies this superposition condition. The static wave drift force is 

nonlinear, but it can be superposed (Faltinsen, 1990). The slowly varying wave force is due to the interfer-

ence of two different frequency components of the wave and is also nonlinear. However, Pinkster (1975) 

introduced the difference-frequency load spectrum so that the slowly varying wave force and responses can 

also be estimated in the frequency-domain analysis in a similar manner as the linear problems. As a quasi-

static uncoupled analysis method is selected for the present study, the dynamic behavior of mooring lines is 

neglected, and it is assumed that the dynamic responses of the platform do not affect the responses of the 

mooring system. These assumptions may yield some discrepancies with actual situations; hence, a series of 

time-domain coupled analyses were conducted to identify whether the quasi-static method is applicable, and 

the results will be presented later on. 

 

 
 

Fig. 1. Flowchart of the prescreening procedure 
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The prescreening procedure of the present study is described as a flowchart in Fig. 1. Details of each step in the 

flowchart are as follows. 

2.1 Heading Angle Analysis 

The heading angle analysis is performed only when a turret mooring system, fitted with a weathervane, is 

applied. This step determines the mean stable heading angle of the platform in which the resultant static yaw 

moment due to wave, wind, and current becomes zero. The static yaw moments caused by wind and current 

are calculated through platform specific drag coefficients or through OCIMF (1994) experiment results, if 

the coefficients are not available. The moment induced by wave drift load is estimated with the help of nu-

merical codes, using potential theory. Generally, two mean heading angles are determined, one of which is 

stable and the other is unstable. The stability of a mean heading angle is judged by the sign of the derivative 

at the zero-crossing point of the resultant yaw moment curve versus heading angle. A zero-crossing point 

with a negative derivative is categorized as a stable mean heading, since a slight disturbance of the heading 

angle at this point causes a restoring moment toward this point. There can be more than one stable mean 

heading depending on the environmental conditions. Once a stable mean heading is determined, the platform 

is fixed to this heading angle throughout the rest of the prescreening procedure. 

2.2 Static Offset Analysis 

In the static offset analysis step, the horizontal mean offset position of the platform, where the environmen-

tal loads and the restoring force by the mooring system cancel out, is estimated. The loads calculated in this 

step are time-invariant static loads in horizontal directions. The equation for the horizontal mean offset is 

given by 

 

 ( ) wind wave current mooring, ( )x yF F x= = + + + =å åF F F F F 0
r

 (1) 

 

where    is the horizontal static force vector, and  ⃗ is the horizontal mean offset vector of the platform. 

For wind and current, horizontal static forces are estimated through the platform specified drag coefficients 

or OCIMF experiment results. The static wind and current force equations used with OCIMF coefficients 

are as follows 

 

 wind 2 wind 21 1
,

2 2
x Xw w T w y Yw w L wF C A V F C A Vr r= =  (2) 

 

 current 2 current 21 1
,

2 2
x Xc c BP c y Yc c BP cF C L TV F C L TVr r= =  (3) 

 

In Eqs. (2)-(3), CXw, CYw, CXc, and CYc are the wind and current drag coefficients in longitudinal and trans-

verse directions, respectively; AT and AL are the transverse and longitudinal projected areas of the hull above 

the mean water level, respectively; T is the draft; and Vw and Vc are the mean wind and current speeds, re-

spectively. For static wave load, the wave drift forces for individual wave frequencies are pre-calculated and 

then superposed through the corresponding wave spectrum, and the equation is as follows. 

 

 wave

0
2 ( , ) ( )xF Q S dw w w w

¥

= ò  (4) 

 

In Eq. (4), Q(ω, ω) is the mean wave drift force per unit wave amplitude due to the wave frequency com-

ponent ω, and S(ω) is the wave spectrum. The restoring force by the mooring system is estimated through 

pre-calculated static properties of individual mooring lines. 
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After the mean position of the platform is determined, linearized restoring coefficients in the horizontal di-

rections because of mooring lines are estimated for the following slowly-varying motion analysis. Because 

the slowly-varying motion is a large-displacement problem, the restoring coefficients are calculated by ap-

plying the least-square method to several points, rather than adopting the first derivative at the mean posi-

tion. 

2.2 Quasi-static Analysis: Wave-frequency Motion 

The wave-frequency motion, i.e., the linear wave-induced motion, is estimated in the old-fashioned way, 

which utilizes the motion response amplitude operator (RAO) and the wave spectrum. Variance of the wave-

frequency motion is given as, 

 

 
22

,WF 0
( ) ( )i iH S ds w w w

¥

= ò  (5) 

 

where Hi(ω) is the motion RAO, and S(ω) is the wave spectrum. 

2.2 Quasi-static Analysis: Slowly-varying Motion 

In this step, the slowly-varying motion of the platform induced by the second order difference-frequency 

wave load and the time-varying wind load are estimated in the frequency domain. For this work, the low 

frequency force spectrum is utilized. The difference-frequency wave load spectrum is calculated as, 

 

 ( ) ( ) ( ) ( )
2wave

0
8 ,FS S S Q dm w w m w w m w

¥

= + +ò  (6) 

 

where S(ω) is the wave spectrum, and Q(ω, ω+μ) is the quadratic transfer function (QTF) for the differ-

ence-frequency wave load. Since calculation of QTFs requires much effort, an approximation proposed by 

Newman(1974) is often used, which is given as, 
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where   wave(ω) is the mean wave drift force, and Aω and Aω+μ are the amplitudes of the corresponding 

wave components, respectively. The low-frequency wind load spectrum is derived as follows. Since the 

wind load is proportional to the square of the wind velocity, the total wind load is given as, 

 

 ( ) { }
2

wind wind wind 2 wind( ) 2 ( )F t C U u t C U C Uu t= + @ +% %  (8) 

 

where Cwind is the coefficient of the wind drag force, Ū is the mean velocity of the wind, and ũ(t) is the dy-

namic component of the wind velocity, which is assumed to be much smaller than Ū. Hence, if the wind 

velocity spectrum is denoted as Swind(μ), the wind load spectrum is given as Eq. (9) below. 

 

 ( )
2

wind wind wind( ) 2C ( )FS U Sm m=  (9) 

 

The total low-frequency load spectrum is given by summing up Eq. (6) and Eq. (9). 

 

 LF wave wind( ) ( ) ( )F F FS S Sm m m= +  (10) 
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 Table 1. Specifications of the platforms used in the validation of the prescreening procedure 

Designation Semi-submersible Designation FPSO model 1 

Cylinder diameter (m) 29.0 L.B.P. (m) 304.0 

Draft (m) 40.0 Draft (m) 23.5 

Pontoon length (m) 43.5 Breadth (m) 62.0 

Displacement (ton) 143,528 Displacement (ton) 421,440 

 

Variance of the low-frequency motion of the platform is estimated by, 
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¥
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where i denotes the direction of the load and motion, ci, mi, and bi are the restoring, mass, and damping 

coefficients, respectively. Since only the horizontal components of the platform motion are concerned, ci is 

contributed purely by the mooring system. Mostly the restoring force by the mooring system is nonlinear to 

the platform offset. Hence, the least square method is used to estimate the representative value of the restor-

ing coefficient. 

Throughout these steps, the mean and standard deviations of the horizontal offset of the platform are esti-

mated in a rough manner. After that, the maximum displacement during the prescribed duration is predicted 

with a statistical distribution model. In case of the slow-drift motion of offshore structures, nonlinearities 

from many different sources make the statistics of the problem to deviate from simple models such as a 

Gaussian model. For instance, the second order slow-drift excitation force derived from the Volterra series 

model is known to have an asymmetric, non-Gaussian probability density function, and special formulations 

have been adopted to calculate its probability density function (Neal, 1974; Naess, 1986; Kim, 1988). Addi-

tionally, the nonlinear restoring forces have been shown to complicate the statistical behavior of the slow-

drift motion (Roberts, 1981). In those studies, it was shown that the Gaussian distribution model tends to 

underestimate the extremes of slow-drift excitation forces (Naess, 1986), while overestimating the extremes 

of platform displacement when the nonlinear restoring effect is considered (Roberts, 1981). Hence, combin-

ing these trends discovered in past research, the Rayleigh distribution model was utilized in this study de-

spite the lack of complete justification, and the results were compared with direct simulations. 

After the maximum slow-drift displacement of the platform is predicted, the mean and maximum mooring 

line tensions are then computed quasi-statically at the mean and maximum platform offset positions, respec-

tively. 

     
 (a) Semi-submersible  (b) FPSO model 1 

 

Fig. 2. Geometries of the platforms used in the time domain coupled analysis 
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Table 2. Time-domain simulation cases for semi-submersible 

 
HS (m) TP (s) 

UW (m/s) Mass of single line 

(kg) 

Stiffness of single line 

(N/m) 

Case 1 10.0 18.0 0.0 46,000 3,000,000 

Case 2 10.0 18.0 20.0 46,000 3,000,000 

Case 3 10.0 18.0 0.0 46,000 48,000 

3. Validation of the Applied Method 

The quasi-static uncoupled analysis method applied in this study may yield discrepancies with the actual 

behavior of offshore structures. Hence, before applying the prescreening procedure, it should be identified 

whether the quasi-static uncoupled analysis method is reasonable for the prediction of design values. For 

this purpose, a series of time-domain coupled analyses were performed with a commercial software SML 

(Kim and Sclavounos, 2001) to investigate the coupling effect between the platform and mooring lines. The 

platforms used in the time-domain simulations were a semi-submersible model and an FPSO, which are 

selected to identify the coupling effects for both the column-stabilized units and ship-shaped platforms. The 

main dimensions for each of the platforms are listed in Table 1 and their geometries are shown in Fig. 2. 

 

 
 (a) Case 1 (b) Case 2 

 

 
 (c) Case 3 (d) Correlation values 

 

Fig. 3. Maximum surge and tension for each simulation of semi-submersible and their correlation values 
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Table 3. Particulars of the mooring system used in time-domain simulations for FPSO 

Designation Unit Mooring system 1 Mooring system 2 

Water depth m 3,048 914 
Pretension kN 1,691 1,201 

Number of lines  4×3 4×3 
Degrees between the 3 lines degree 5 5 

Length of mooring line m 4,267.2 2,088 
Segment 1 

(ground section): Chain 
 K4 studless K4 studless 

Length m 121.9 914.4 
Diameter mm 101.6 88.9 

Dry weight N/m 2,112.5 1,617.10 
Wet weight N/m 1,837.5 1,406.90 
Stiffness EA kN 1,037,720 794,484 
Segment 2 

: wire 
 Polyester Spiral strand 

Length m 4,053.8 1,127.80 
Diameter mm 180.1 88.9 

Dry weight N/m 213 412.23 
Wet weight N/m 55.6 349.75 
Stiffness EA kN 240,192 689,858 
Segment 3 

(top section): Chain 
 K4 studless K4 studless 

Length m 91.44 45.7 
Diameter mm 101.6 88.9 

Dry weight N/m 2,112.5 1,617.09 
Wet weight N/m 1,837.5 1,406.89 
Stiffness EA kN 1,037,720 794,484 

 

For the semi-submersible model, three simulation scenarios were constructed depending on the environ-

mental conditions and the system characteristics. In the first case, only wave loads were considered. The 

spectral peak period of the irregular incident wave was set to coincide with the natural frequency of the 

heave mode to induce violent linear motions, which were expected to maximize the coupling effects be-

tween the platform and mooring lines. In the second case, a wind load was added in the same direction as 

the incident wave to increase the horizontal offset. In the third case, the stiffness of mooring lines was de-

creased to obtain a value that is comparable to the mass of the mooring line, which was expected to increase 

the effect of inertia forces. The inertia forces can be interpreted as a dynamic effect, relative to the tensional 

forces due to line extensions. The reason for intentional maximizations of the dynamic and coupling effects 

is to observe whether the quasi-static approaching method is still applicable even in harsh conditions. The 

detailed values of each of the simulation cases are described in Table 2, where HS, TP, and UW are the signif- 

 

  
 (a) Case 1 (b) Case 3 

 

Fig. 4. Time signal of surge, heave, and tension in the most loaded mooring line in the semi-submersible simulations 
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Table 4. Environmental conditions for each simulation case in time-domain analysis for FPSO 

 
Wave heading 

(o) 
HS 
(m) 

TP 
(sec) 

Spectrum 
UC 

(m/s) 
Current heading 

(o) 
Note 

Case 1 180 10 12 JONSWAP 0 None Large heave motion 

Case 2 180 10 8 JONSWAP 0 None Small linear motion 

Case 3 180 10 12 JONSWAP 1 180 Current existing case 

Case 4 180 16 16 JONSWAP 0 None Severe wave condition 

Case 5 180 4 10.5 JONSWAP 0 None Mild wave condition 

 

icant wave height, spectral peak period, and wind speed, respectively. For each case, eight simulations were 

conducted with different random phases of the irregular incident wave, and Fig. 3(a), Fig. 3(b), and Fig. 3(c) 

indicate the scatter diagrams for the maximum surge and the maximum mooring line tension obtained from 

these eight simulations for each case. Fig. 3(d) represents the correlation values between the eight maxi-

mums of the surge and mooring line tension for each case. 

It can be observed from Fig. 3 that as the surge motion of the platform increases, the correlation between 

the maximum surge and the maximum mooring line tension becomes stronger. In other words, the maxi-

mum mooring line tension is predictable by putting the maximum surge motion as the horizontal displace-

ment, which makes the problem quasi-static. This phenomenon originates from the increasing ratio of the 

slow-drift component relative to the wave frequency component in the motion of the platform as the hori-

zontal offset increases. Moreover, for the third case, though the initial intention of decreasing the mooring 

line stiffness was to intensify the effect of inertia force, which would lead to an increase in the coupling 

effect, the correlation between the two maximums increased even more and the value was almost equal to 

one, which indicates that the two maximums are strongly correlated. This is also due to the increase in the 

slow-drift motion component as the horizontal offset increases because of the decreased stiffness. 

Fig. 4 shows the time histories of the surge and heave motions and the tension in the most loaded mooring 

line for cases 1 and 3 of the semi-submersible model. As indicated, for case 3, the surge motion dominated 

by the slow-drift component and the mooring line tension behave almost identically, which can be interpret-

ed as a quasi-static behavior, and the effect of the linear heave motion on the line tension appears to be mi-

nor in this large horizontal offset case. 

 

 
(a) Mooring system 1                                     (b) Mooring system 2 

 

Fig. 5. Maximum surge and maximum tension for FPSO and comparison with static analyses results 
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Fig. 6. Time histories of FPSO surge motion and tension in the most loaded line (HS=10m, TP=12sec, head sea) 

 

For the FPSO model, two different mooring systems were considered to investigate the dynamic character-

istics of each mooring system. Mooring system 1 is composed of polyester mooring lines designed for a 

water depth of 3048 m, where the extension of mooring lines is the main source of restoring forces. Mooring 

system 2 is a chain-catenary mooring system designed for a water depth of 914 m, and the main source of 

restoring forces in this case is the gravitational force. The study of Wichers and Devlin (2001) was referred 

to for the detailed specifications of each mooring system, which are summarized in Table 3. Various envi-

ronmental conditions with different wave, wind, and current values were tested for each of the mooring sys-

tems. Fig. 5 represents the simulation results, where the solid lines indicate the time-domain coupled analy-

sis results for the maximum surge and the maximum mooring line tension, and the dotted lines indicate the 

mooring line tension obtained from static analyses. It is clearly observed that the values of the maximum 

surge and maximum mooring line tension from dynamic analyses are very close to the static analysis values 

for a wide range of surge motions. Hence, it can be reasonably concluded that the maximum mooring line 

tension can be predicted in a quasi-static manner. Fig. 6 represents an example of the time histories for the 

surge motion and the line tension obtained from a time-domain coupled analysis, and the quasi-static behav-

ior is well observed. 

4. Validation of the Prescreening Results: Comparison with Direct Dynamic Simulation 

For the validation of the accuracy of the prescreening procedure proposed in this study, results were com-

pared with the results of the time-domain coupled analyses. The platform and the mooring system used in 

the comparison test were the FPSO and the mooring system 1 for a water depth of 3048 m described in the 

previous section. The difference-frequency surge excitation QTF has been replaced with the mean wave drift 

force results by Newman’s approximation (Newman, 1974), which is a reasonable substitution for second-

order QTFs, which requires much effort to calculate with a high degree of accuracy. 

 
 (a) Surge RAO  (b) Heave RAO  (c) Wave drift force 

 

Fig. 7. Surge and heave motion RAOs and the wave drift force for the FPSO model in the head sea condition 
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 (a) Maximum surge for case 1  (b) Maximum tension for case 1 

 

Fig. 8. Comparison test results for maximum surge and maximum mooring line tension in case 1 

 

 
 (a) Maximum surge for case 2 (b) Maximum tension for case 2 

 

Fig. 9. Comparison test results for maximum surge and maximum mooring line tension in case 2 

 

Fig. 7 indicates the RAOs of the surge and heave motions and the wave drift force for the FPSO in the head 

sea condition computed in the frequency domain by a commercial software WADAM developed by DNV. 

Environmental conditions used for the comparison test are summarized in Table 4, where UC is the current 

speed and the wave spectrum is the JONSWAP spectrum (γ = 3.3). In case 1, the spectral peak period was 

set to induce significant heave motion in order to maximize the dynamic effects. Case 2 was set to have a 

small linear motion for the purpose of comparison with case 1. In case 3, a current load was added to ob-

serve the effect of the existence of current in the accuracy of prescreening. Furthermore, cases 4 and 5 were 

characterized by huge and small significant wave heights. For each of the cases, time-domain coupled anal-

yses were performed for 4 times with different random phases of the irregular wave, and the results from 

each simulation are denoted by CA1–CA4 in the following histograms. The simulation time was set to 8192 

s throughout the simulations. 

Figs. 8-12 represent the histograms of the results from the comparison test. The first four bars in those his-

tograms indicate the time-domain coupled analysis results denoted by CA1–CA4 as mentioned above, and 

the last bar indicates the result from the prescreening procedure. As shown in Fig. 8, correspondence be-

tween the time-domain analyses and the prescreening is reasonable even for cases with significant heave 

motions. The mean and standard deviations of the surge motion predicted by each method are within a very 

narrow range. The maximum values from the time-domain analyses are shown to have some discrepancies  
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 Table 5. Specifications of FPSO model 2 and mooring system used in the prescreening 

Designation FPSO model 2 Designation Mooring system 

L.B.P. (m) 224.1 Water depth (m) 2,000 

Breadth (m) 40.5 Total line length (m) 4000 

Draft (m) 16 Weight per unit length (N/m) 450 

Block coefficient 0.84 
Horizontal distance 

from anchor to fairlead (m) 
3200 

Mass (ton) 125,700 Number of mooring lines 8 

CG (m) (-4.175, 0, -2.511) 
Angle between 

adjacent mooring lines (˚) 
45 

Turret position (m) 61.45 Water depth (m) 2,000 

 

with each other because of the different random phases, but the maximum value among the four time-

domain analyses results is very close to the maximum surge predicted by the prescreening. The mooring line 

tensions show a similar tendency. The mean values are practically identical for the time-domain analyses 

and the prescreening, while the maximum value predicted by the prescreening corresponds well with the 

maximum value among the four time-domain analyses results. As shown in Fig. 9, the results for case 2, 

which was set to include small linear motions for the purpose of comparison with case 1, also display an 

analogous pattern to case 1. 

In case 3, where a current load was added to the wave condition of case 1, no significant difference with 

previous cases was observed both for the predictions of the surge motion and the tension. As shown in Fig. 

10, the mean and standard deviations are again well predicted by the prescreening procedure, and the maxi-

mum value obtained by the prescreening procedure corresponds to the maximum value among the four time-

domain simulations. This little effect of current on the result may originate from the exclusion of risers in 

the simulations. However, we may conclude that the prescreening procedure predicts the design parameters 

with a reasonable degree of accuracy in the current existing case. In case 4, where the surge motion is the 

largest among all the cases, a same trend was observed and the displacement and the tension were reasona-

bly predicted. 

In case 5, which was characterized by a relatively mild wave condition, the accuracy in the prediction of 

the surge motion was decreased. This is thought to be caused partly by the enhanced coupling effect arising 

from the increased portion of the linear motion component. In addition, the value itself is too small so that it 

may have made the accuracy decrease relatively. However, since this type of mild environmental condition 

has an insignificant effect on the estimation of design values, the accuracy of the prescreening procedure for 

selecting severe environmental conditions is unaffected by this result. 

 
 (a) Maximum surge for case 3  (b) Maximum tension for case 3 

 

Fig. 10. Comparison test results for maximum surge and maximum mooring line tension in case 3 
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 Table 6. Input environmental conditions for prescreening (total number: 34,560) 

Wind 
� Velocity : 10m/s ~ 30m/s, 10m/s interval 
� Direction : 0˚~360˚, 30˚interval 
� Spectrum : NPD wind gust spectrum 

Wave 

� Significant wave height : 8m ~ 12m, 1m interval 
� Peak period : 8sec ~ 15sec, 1sec interval 
� Direction : 180˚ 
� Spectrum : JONSWAP spectrum 

Current 
� Velocity : 0.5m/s ~ 1.0m/s, 0.5m/s interval 
� Direction : 0˚~360˚, 30˚interval 

5. Prescreening Application Example 

As a computational example, the prescreening procedure was applied to an FPSO (model 2) to investigate 

the responses under several environmental conditions. The platform and the mooring system specifications 

are summarized in Table 5, and the geometry of the platform is shown in Fig. 13. The input RAOs and the 

wave drift forces for various heading angles were computed by WADAM, and the results are shown in Fig. 

14. Wind and current drag forces were calculated with OCIMF coefficients. Environmental conditions were 

selected from a diverse range to include most of the ocean environments the platform might encounter dur-

ing its lifetime. Table 6 summarizes the environmental conditions considered. The total number of environ-

mental conditions considered was 34,560. 

 
 (a) Maximum surge for case 4 (b) Maximum tension for case 4 

 

Fig. 11. Comparison test results for maximum surge and maximum mooring line tension in case 4 

 

 
 (a) Maximum surge for case 5  (b) Maximum tension for case 5 

 

Fig. 12. Comparison test results for maximum surge and maximum mooring line tension in case 5 
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Table 7. Top 20 environmental conditions of the largest horizontal static offset 

index 
Uwind 

(m/s) 
αwind 

(o) 
Ucurrent 
(m/s) 

αcurrent 

(o) 
HS 
(m) 

TP 
(sec) 

αwave 

(
o

) 

mean 
heading 

(
o

) 

static 
offset 
(m) 

34555 30 360 1 360 12 10 180 47.89 366.26 

34555 30 360 1 360 12 10 180 312.11 366.26 

23995 30 30 1 360 12 10 180 312.91 352.64 

33595 30 330 1 360 12 10 180 47.09 352.64 

34556 30 360 1 360 12 11 180 298.83 351.31 

34556 30 360 1 360 12 11 180 61.17 351.31 

34116 30 360 1 30 12 11 180 56.17 350.56 

34516 30 360 1 330 12 11 180 303.83 350.56 

34547 30 360 1 360 11 10 180 54.21 348.12 

34547 30 360 1 360 11 10 180 305.79 348.12 

24955 30 60 1 360 12 10 180 315.33 339.24 

32635 30 300 1 360 12 10 180 44.67 339.24 

34115 30 360 1 30 12 10 180 312.51 338.59 

34515 30 360 1 330 12 10 180 47.49 338.59 

33596 30 330 1 360 12 11 180 59.56 336.95 

23996 30 30 1 360 12 11 180 300.44 336.95 

33596 30 330 1 360 12 11 180 306.03 335.65 

23996 30 30 1 360 12 11 180 53.97 335.65 

34108 30 360 1 30 11 11 180 62.17 331.44 

34508 30 360 1 330 11 11 180 297.83 331.44 

 

The result of the platform offset prediction is plotted in Fig. 15. The red symbols represent the horizontal 

mean offset positions for the respective environmental condition, while the blue plots indicate the expected 

boundaries of the maximum horizontal motions for each condition. It is observed from Fig. 15 that a signifi-

cant underestimation of the platform offset can be made without consideration of the dynamic components. 

For a better understanding of the severe environmental conditions, the top 20 cases of the largest horizontal 

static offset are arranged in Table 7. Here, α denotes the incident angle of each environmental load. Observ-

ing Table 7, a noticeable feature of most of the environmental conditions is that the directions of environ-

mental loads are strictly non-collinear. In most cases, this feature leads to the instability in the mean heading 

of the platform such that multiple stable mean headings are mostly observed among these cases. Moreover, a 

slight change of the environmental conditions in some cases, such as changing the index number from 

23995 to 23996, results in completely different stable mean headings. In other words, weathervaning of the 

platform fails in most cases where there is a large horizontal mean offset, which drastically enhances the 

mean environmental loads in a transverse direction of the platform. Hence, it is concluded that the stability 

of mean headings are considerably related to the severity of environmental conditions. 

 

Fig. 13. Panel model of the FPSO model 2 used in the prescreening of environmental conditions 
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 (a) Surge RAO  (b) Wave drift force 

 

Fig. 14. Surge RAO and the wave drift force for FPSO model 2 

 

In terms of the computational efficiency, approximately 20 min of simulation time was required for pre-

screening a total of 34,560 environmental conditions with a PC having a CPU of 2.80 GHz. In comparison 

with this, the time-domain analysis with SML takes about 10 min for one simulation, which leads to a rough 

estimation of approximately 240 days to simulate the same number of cases with the same hardware. 

6. Conclusions 

In this study, a prescreening procedure for the design of offshore structure and mooring systems was pro-

posed and validated. Following achievements and conclusions are made from this study: 

• A prescreening procedure to downsize the massive number of environmental conditions was proposed to 

apply in the early design stages of offshore structures and mooring lines. The present procedure is com-

posed of heading angle analysis, static analysis, and dynamic analysis, all of which focus on the efficien-

cy and expeditiousness of calculations. 

• Throughout the direct coupled platform-mooring analyses, it was observed that the mooring line tension 

behaved in a quasi-static manner as the horizontal offset of the platform increased, which makes the ap-

plied method reasonable. 

• The accuracy of the prescreening procedure was validated by comparing the results with the results of 

the time-domain coupled dynamic analysis. Except for mild environmental conditions, a reasonable de-

gree of accuracy was observed. 

• Several environmental conditions were processed through the proposed prescreening procedure. It was 

shown that the dynamic component of the horizontal offset is dominant. More specifically, it was ob-

served that most cases having large horizontal offsets had instability in their mean headings, which was 

interpreted as the failure of weathervaning. Hence, it is thought that the severity of environmental condi-

tions is related to the stability of mean headings. 

• The present prescreening procedure is practically applicable in the early design stages of offshore struc-

tures and mooring lines. The application of this procedure can be useful in predicting, the ocean envi-

ronmental conditions that cause large horizontal offset and mooring tension. 
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Fig. 15. Static offsets & expected boundaries of dynamic horizontal responses predicted by prescreening 
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