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COMBINING EXTREME METOCEAN PARAMETERS ON SPM MOORED TANKERS

SYNOPSIS

In the design of SPM systems the environmental parameters are of
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prime importance. In operational condition both the magnitude of the

characteristics of wave spectra and the wind and current velocities and their mutual directions may vary. By combining operational metocean
parameters in a systematical way insight in the extreme design hawser loads and tanker responses may be gained.

In this paper a systematic aumber of combinations of wave spectrum, wind and current with regard o mutual directions and different current
velocities were applied 1o a Ioaded and ballasted tanker moored to a CALM buoy. With these combinations of weather conditions the design hawser
loads and tanker responses were studied. The results were obtained by means of time domain computer simulations. The results clearly indicate the
most severe combinations of the considered sea states with regard to the extreme design loads.

INTRODUCTION

The metocean parameters are wind, current and waves. Not only the
magnitades of wind and current velocity and (long-crested) wave
characteristics are important but also their mutual directions. By
combining and varying both wind and current velocities and wave
parameters and their murual directions for both the loaded and hal-
fasted tanker the extreme design loads and responses of a CALM
buoy moored tanker may be studied, see for instance Yilmaz et al.
{1992).

In this study a resticted number of combinations of metocean para-
meters, being two basic cases, were considered. For one case the
weather condition was combined by varying the internal angle
between the paraliel directed waves and wind and the direction of
the current and appiied to & loaded and ballasted tanker moored to a
CALM buoy. For another case the weather condition consists of
waves and wind directed perpendicular to the current. While the
wave spectrum and wind speed were kept constant, the current
ced was varied. For these two weather cases the extreme design
ads and responses are determined by means of the time-domain
computer program TERMSIM,

The technical features of the program are described in the next
section. In order to show the reliability of the results some model
tests were carried out and compared with the resuits of the computer
program. The description of the measured and the computed resulis
are dealt with in the section "validation". The results of the com-
putations in the combined sea states are given and discussed is the
appropriate sections. Finally conclusions have been drawn.

ome model tests were carried out to support the reliability of the computations,

TECHNICAL DESCRIPTION OF THE COMPUTER PROGRAM

Introduction

The SPM moored tanker exposed to an trregular sea, a steady wind
and current field performs wave and low frequency motions
(respectively wf and If motions). From observations of many model
tests it can be concluded that the If motions strongly dominate the
mooring forces. The If motions may be induced by both the wind
and current (instability of the system) and wave drift excitation.
Since the total system is highly non-linear the computations have to
be performed in the time-domain. The time-domain computer pro-
gram as used, is developed to compute the I motions of the SPM
moored tanker. The mooring system is simlated by a "hawser” run-
ning from the fairlead of the tanker 1o the centre of the buoy, The
"hawser” represents the non-finear spring of the horzontally pro-
jected load-elongation characteristic of the actual hawser and the
ioad-displacement curve of the bucy taking into account the
directionality with regard to the chain legs. In irregular {long-
crested) waves cobined with wind and current the computer program
determines the If motions of the tanker. The results are besides the
If motions of the tanker also the If loads in the actual hawser, the If
motions of the bucy in the horizontal plane and the If chain forces.

For the hawser loads not only the If part has to be known but also
the wf part. Knowing the If loads, additional technigues were
applied to compensate for the wf forces in the hawser. The descrip-
tion of the If motion mode! and the applied wf modelling technique
are presented below.



Hydrodynamic and acrodynamic modelling of the If motions of the
tanker

For modelting of the If motions of a tanker in the horizontal plane
the magnitudes of the excitation {wave drift forces/moment} and the
If hydrodynamic reaction forces/moment have to be known. The If
hydrodynamic reaction forces/moment consist of If added mass and
if viscous hydrodynamic damping terms. Although the If excitation
and the reaction {orcesfmaoment are in general an order smualler than
the well-known first order forces/moment they are responsible for
the large amplitude ¥ motions of the tanker in the horizontal plane
introducing  high mooting  forcss,  While the wave dnft
forces/monent and the if added mass coefficients can be determined
by three-dimensional diffraction theory {Pinkster (1980) and
Wichers (1988)), the low frequency viscous hydrodynamic damping
forces/moment have o determined by model tests. To determine the
viscous hydrodynamic damping forces/moment oscillation tests with
a set of tankers have been carried out. The description of the low
frequency large stroke oscillator and the analysis procedures are
described in Wichers (1986, 1988} and de Kar e al. (1951} By
means of the measurements in shallow and deep water, data sets are
derived in terms of linear and guadratic resistance coefficients in
both still water and in current fields and for several ratios of water
depth/draft ratios. These data were used for the present computa-
ions. For the deermination of the relative wind and current
srees/moment use is made of the resistance coefficients for wind
nd current acting on tankers as given by QCIMF (1994-a),

The excitation forces/moment are caused by the wave drift
forces/moment. By means of the three-dimensional potential theory
the full matrix of the gquadratic transfer function of the wave drift
forces/moment as function of the wave heading has been computed.
For the full description of the equations of motion for the 1f motions
reference is made to Wichers (1988). Prior to the time-domain simu-
lation by means of the generated wave train and the matrix of the
guadratic wansfer function of the wave drift forces/moment, the
registrations of the wave drift surge and sway forces - and vaw
moment have been computed for a range of headings between (°
and 360° (a step of 307 is considered prior o the mean heading of
the tanker}. The computation of the wave drift force regisirations are
based on the “"impulse response techaique” or "Volterra series for-
mulation”, see Wichers et al. (1983). In the time domain a linear
interpolation is performed on the actual instantaneous heading of the
tanker.

fodelling of the wf component {6 be added {0 the If hawser force

As mentioned before besides the 1f behaviour of the system, the
system is alse influenced by the wf forces. The tanker will carry out
wf motions in the six degrees of freedom. The fairiead will perform
wf surge, sway and heave motions introducing wi force oscillations
in the hawser. Furthermore the buoy will introduce wf loads in the
hawser, In order to introduce the wf loads in the hawser the follow-
ing procedure has been applied:

~ The maximum i load in the hawser is known from the i time-
domain computation,

- With the maximum If load in the hawser the tanker is brought
back to the mean lanker heading.

- In the mean tanker heading the wi RAOs of the fairlead are com-
puted.

In the frequency domain by means of spectral analysis the sig-
aificant single amplitude of the motion in the direction of the
hawser is determined. The computations of the RAOs are based
on three-dimensional diffraction theory (wave forces, added mass
and damping). Multiplying the significant single amplitude with
the associated tangent of the non-linear eurve of the total moor-
ing system (spring coefficient) determines approximately the
significant wi single load amplitude in the hawser.

- Because the wf hawser loads are based on the maximum If joad
in the hawser ¥ is assumed that the buoy is in a taut position in
berween the chains and the hawser. In this position it is assumed
that the motions of the buoy are restricted and that the force as
felt by the hawser will be the wave loading on the bucy. In the
frequency domain, by means of the three-dimensional diffraction
theory applied to the buoy, the sigaificant single amplitude of the
horizontal wave force active on the buoy in the wave spectrum
will be computed. Now the component of the significant single
amplitude of the wave loading in the direction of the hawser will
be determined.

Finally the total wi force in the hawser will be determined by taking
the square root of the sum of the squares of the two mentioned sig-
nificant single amplitudes. This value will be added to the associ-
ated maximum If force component in the hawser.

YALIDATION

For the validation use was made of a 200 kDWT tanker. The par-
ticulars of the 70% T loaded tanker are given in Table 1. The tanker
was moored by means of a hawser to a fixed (s1ff) pole, The load-
eiongation characteristic of the hawser is given in Figure 1.

Table 1. Particulars of tankers

Designation Symbol | Uni] 200 140 kDWT
kKDWT

Draft in % of loaded draft 76 100 40
Length between perpen-  Lpp m 310 286.4 2864
diculars
Breadth moulded B m 47.17 437 437
Depth H m 2970 257 257
Dirafr T m 1323 158 632
Displacement volume % m 1150698 | 164,546 | 64,070
Centre of buoyancy for- 5453 3] 904 837 12.10
ward of section 10
Centre of buoyancy above kG m 1t.55 10.35 10.35
keel
Metacentric height WG, m 866 8.73 1638
Transverse radius of gyra- |k, m 1502 16.17 16,17
tion in a&ir
Longitudingl radius of Kyy m TIS2 | T147 7147
gyration in air
Yaw radius of gyration in | Ke m 8381 7728 7728
air

Wind ares total lateral | Ag m? 6028|3435 6150
Wind area total frontal [ Ap m® 11630 (1032 | 1445

Position bow faitead for- |LF 33} 158 HE2 1462
ward of section 1D

Position bow fairlead wrt |h m 1947 1.8 2138
to stil] water {vertical)




The tapker is moored in 825 m water depth. The model tests and
the compuiations were carnied out in 2 environmenial conditions.
The environmental conditions are given in Figure 2. For the quad-
ratic transfer function of the wave drift forcesfmoment and other
input data for the computation, see Wichers (1988). The computa-
tions were carried out with the same computer program as described
above.

14C kKDWT tanket - 50 M

/ i

5000 / /

200 kDWT tanker - 80 m

Load in kN

2500 L

1} ki 20 30 o & 10 18
Elongation inm Eiongation inm

Fig. I. Load elongation characteristics of bow hawser
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Fig. 3. Measured and compuied hawser force and yaw motion of
sanker (200 kKDWT tanker in 70% T - environment 1)
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Fig. 4. Measured and computed hawser force and yaw motion of
tanker (200 kDWT tanker in 70% T - environment 2}

The results of the measured and computed mean position of the
tanker in the two environmems are given in Figure 2. The measured
and computed registrations of the hawser force and tanker yaw
motion are given in Figures 3 and 4. It must be noted that having
the same wave spectrum the wave registrations as used for the
model tests and computations were different. From the results it can
be concluded that the measured and computed results clearly show
the same order of magnitude. Furthermore it can be said that the
number of peaks of the hawser forces in both registrations were the
same. From these results it can be concluded that the computer
program may give reliable output.
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Fig. 2. The measured and computed mean position of the bow haw-
ser moored tanker in wind, waves and current

RESULTS OF COMPUTATIONS IN COMBINED WEATHER
CASES

For the study of the SPM in the combined weather cases T and 2 a
loaded and ballasted 140 kD'WT tanker has been used in 23.7 m
water depth. The mentioned tanker and water depth have been
chosen because this condition is one of the basic cases of the pro-
gram OCMOTA. OCMOTA, part of the program TERMSIM, s a
computer program with a data base giving for instance the matrix of
the quadratic transfer functions of the wave drift forces/moment and
the ROAs of the tanker for a large range of wave headings, see
OCIME (1994-b}. In this program, however, the guadratic transfer
function of the wave drift damping and thus the effect of the wave
drift forces/moment on the current speed is not taken inle account.



The specifications of the weather cases are shown in Figure 5,

The ianker 15 moored to a CALM-buoy. The partculars of the
tanker are given in Table 1. The ranker is moored by means of a
hawser t¢ a CALM bouy. The particulars of the CALM-chain sys-
tem znd the hawser are given in Table 2. The load-elongation of the
hawser is given in Figure |

Table 2. Particulars of mooring system

Further the resulis of the tanker vaw motion and the hawser direc-
tion are presented in the Tables 3 and 4. The results are given as
statistical analysis (mean, standard deviation, minimum and maxi-
mum). The definition of the mentioned signals are given in Figure
8.

Tanker yaw motion and hawser direction in weather case
1 {angles in degrees}

Table 3.

{140 XxDWT tanker - water depth 23.7 m} Draftinm | Wave dir. | Signal | Mean | Stdev | Mm | Max
Designation Value Unit :

Nylon double-braided 1ype hawser 5.8 0 W, 180 56 166 199
Unstreched {(imitial) length 5000 m 158 5 ¥, 181 5.4 171 196
Number of grommets i - 15.8 175 W, 185 32 i 195
Diameter 12.13 o 158 30 W, 190 24 185 199
Breaking strength 299205 kN i5.8 30 ¥, 140 187 103 173
Total breaking strength 5984.10 kN i58 60 y, 202 32 i92 212

Buoy data i5.8 60 Wy 130 10.6 97 166
Ventical position of hawser attachement piont 1.5¢ m 58 [*14) ¥, 212 43 200 229
Vertical position of chain altachement points ~3.00 m 158 o0 A 128 17.7 54 W08
Diameter of buoy 12.00 m 632 0 ¥, 180 63 163 197
Draft of buoy 300 m 6232 5 A 183 6.3 i67 200

Chain data 632 175 v, 192 6.1 i7% 207
Number of chains 6 - 632 30 v, 202 | 49 | 18 | 218
Orientation of chaias 6*60 deg 6§37 30 i, -16% 1l -203 =139
Pre-tension 80.50 kN 637 60 Y, 224 4.7 214 241
Length 207.00 m £32 60 W, -156 12 192 ~124
Breaking strength 786775 | kN 6.32 90 v, 248 | 53 235 | 266
Elasticity B9779519 | KN 632 90 e 136 § 136 | -170 | -100
Weight in air 224 | ki/im
Diameter 102.00 mm
Marerial grade NV K3

RIG/ORQ/RQ3
Table 4. Tanker yaw motion and hawser direction in weather case
2 {angles in degrees),

V=15 mis Vw=15mis Draftinm | Voinmv/s | Signal | Mean | Stdev | Min Max
oy T asom vy Tesss 158 o v, | 260 | 871 249 | 229
' JONSWAPy=23 T JONSWAP v=3.3 155 0 ) 90 | 17.1 | -138 | -38
e Ver e M et XN BTN TN AT YN N0 B
1.545 and 2.06 m/s 158 Q515 Wy, -122 128 1 -157 86
B0 art 80 duy 158 103 v 227 | 54 | 208 | 241
158 103 W, " - - -
Woeather case 1 ] Weather case 2 =5 T \3: TR T 5% T 550
158 1.545 Y, 128 177 59 208
158 206 w, 201 38 182 216
Fig. 8. Review of weather cases apphied to the 140 kDWT tanker i5.8 206 W, 123 87 100 152
632 ) v, 268 [ 124 | 237 | 296
For each weather condition the time-domain computations were 622 0 b s Can N
carried out for a period of 3 hours full scale 1o ensure a sufficien o3 0313 b 263 A s 284
length for the statistical process. For statistical reasons the maxi- 632 0515 Y 94 162 | -141 41
mum peak in the regisiration of the hawser peaks has been deleted. 6.32 103 W, 257 33 | 245 273
The maximum peak values as presented are the 2nd highest peaks. 6.32 1.03 v -110 106 | -152 -80
In Figure & the hawser force as funclion of the wave/wind direction 637 1.545 ¥, 249 53} 235 266
(weather case 13 for both the loaded and bz_illasted tanker is pres- 532 1545 Wh 713 1361 172 | 161
ented. In Figure 7 the hawser force as function of curreat velocity ey 508 ‘g“ 739 53 374 755

(weather case 23 for both the loaded and the ballasted tanker is : - L -
depicted. 632 2.06 w, | 168 | 182 | 219 | -120
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Fig. 8. Definitions of the measured signals

DISCUSSION OF RESULTS

Weather case 1

For the loaded tanker the maximum hawser loads occur for the
weather condition where waves, wind and current are approximately
co-linearly directed and where the co-linearly directed waves and
wind make large angles with the current direction, see Figure 6. The
reason for the larger forces in the approximately co-linearly directed
weather components is caused by unstable behaviour of the tanker.
This instability can be shown by the relatively large standard devi-
ations of the tanker yaw motidns for the small mutual angles
between the weather components, see Table 3. This conclusion of
instability corresponds to earlier work, see Wichers (1976). With
increasing angle between the wave/wind direction and the current
direction both the mean load in the hawser and the wave heading
with regard to the tanker (the relative wave heading) increase, see
Figure 6. In these conditions the tanker should be stable. Mainky
because of the increased wave heading the lateral wave drift force
and the wave drift moment will lead to larger hawser forces.
Consequently the Jargest hawser loads occur in the condition where
the co-linearly directed waveiwind is perpendicular to the current
direction.

For the ballasted tanker the effect of the wind will dominate the
heading of the tanker. Consequently the relative wave heading wil}
be small, see Figure 6. In the approximately co-linearly directed
weather condition the fanker performs unstable motions. These
unstable motions are shown by the values of the standard deviation
of the yaw motion of the tanker, see Table 3. At increasing angles
of the co-lincarly directed wave/wind direction with regard to the
current direction the system becomes more stable. Consequently the
maximum hawser forces in the ballast condition occur in the
approximately co-linearly directed weather conditions.

Comparing the hawser loads in the foaded and bablasted condition
the highest loads were found in the loaded condition where the
current direction is perpendicular 1o the parallel directed wave/wind
direction.

Weather case 2

In the loaded condition the increasing current velocity strongly
influences the hawser load, see Figure 7.



Inspite of the relavely high hawser loads in the zero current speed
condition (caused by the instabiity of the system), the hawser loads
in higher current speed condition, however, will dominate the force
level. The reason for the high hawser loads is not only the increas-
ing mean hawser load but also the relative wave heading, which
strongly increase with increasing current speed. Similar as men-
tioned for weather case 1, due to the increased relative wave head-
ing the lateral wave drifi force and wave drift moment may lead w0
larger peak forces in the hawser. [t must be noted that due to the
increased pre-tensioning of the system and the non-linear character-
istic of the hawser the natural frequencies of the system are signifi-
cantly changed. This result is shown in Figure 9 where the number
of hawser peaks for the Juaded tanker in the O and 4 knot current
condition increased from 42 and 101 respectively. It can be con-
cluded that in case of weak current the zero current case will give
the high hawser loads, but that the highest current velocities give
the highest load levels.

Simtlar as was found for weather conditon 1, the effect of the wind
will dominate the heading of the tanker in ballast condition.
Consequenily the relative wave heading is small. In the condition
with no or a weak current the tanker will perform unstable motions.
This can be concluded by comparing the values of the standard
deviation of the yaw motion of the tanker as given in Table 4.

Cfehguges e an

Loaded 140 kDWT tanker - weather case 2

Figure 9. Example of registration of hawser force

At increasing current speed the sysiem becomes more stable. The
result 13 that the maximum hawser force in the ballasted draft occurs
in no or weak current condition.

Comparing the hawser loads in the loaded and ballasted coadition,
the highest ioads were found with the loaded tanker and in the
highest current velocity directed perpendicular 1o the paraliel
directed wave/wind direction.

CONCLUSIONS
The following conclusions can be drawn:

13 The measured and computed results with the 200 kDWT
tanker show the same crder of magnitade, while the number of
peaks of the hawser forces in both registrations were the same.
From these results it can be concluded that the computer pro-
gram may give relizble output.

(=]

The study shows that by means of combining extreme
metocean parameters ot SPM moored tankers a realistic selec-
tion of the tanker loading and environmental conditions can be
obtained and may be applied for model testing.

3} For the mentioned SPM system with the meored 140 kDWT
tanker both the co-lincarly directed current direction and the
perpendicuiar  directed curreat  direction are  important
metocean parameters 1o obtain the extreme load in the hawser
and tanker responses.
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