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ABSTRACT

It is commonly accepted that, during the design process, the characteristics of the loca-
tion play a major influence leading to the design wave principle. In fact, as compared to
ship design process, in case of offshore structures including the ship shaped ones, concep-
tual design plays a decisive role regarding the capability to safely operate at zero speed
on locations in order to reach a high operational index in rough seas. This is directly
linked to the limits of the accelerations due to body behaviour in waves which are clearly
stated related to the comfort on board corresponding to different types of activities (intel-
lectual work, manual work etc.). On the other hand, the above mentioned restrictions and
the operational limits related to the body motions amplitudes, need to be considered.
Consequently, the body geometry as well as the masses distribution solutions is manda-
tory to be carefully evaluated taking also into account the direct influences on the induced
structural loads. To this purpose, a comparative evaluation of the Response Amplitude
Operators (RAO’s) has been performed for six different bodies consisting in an AHTS
ship, a floating crane, a semisubmersible and a group of three pipe laying vessels. The re-
sults presented in the paper could be useful when future development of activities on a
certain location is envisaged providing quantitative data as well as qualitative ones, giv-

ing reliable information depending on the geometry and mass distribution.
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1. INTRODUCTION

The most important stage during the de-
sign process of an offshore structure is the
conceptual one followed by FEED (Front
End Engineering Design).

The complexity of the analyses is dic-
tated by the characteristics of the location in
conjunction with the operation to be per-
formed on a given location. In order to com-
ply with owner’s requests an important vol-

ume of investigations has to be spent to
evaluate the floating body dynamics which is
strongly dependent on body geometry and
inertial characteristics, i.e. masses distribu-
tion on board. Once this first step is initially
completed, the evaluation of the Response
Amplitude Operators (RAO’s) becomes man-
datory as far as they are responsible of the
accelerations and induced structural loads
depending on the waves, current and wind on
the specified location [4].
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The analysis is performed for a number
of three floating bodies with different geome-
tries consisting in an Anchor Handling Tug
Supply (AHTS) vessel, a floating crane and a
semisubmersible and three pipe laying ves-
sels having different characteristics accord-
ing to the location of operation. All data re-
lated to the main characteristics of the bodies
are presented in Table 1.

Mention should be made that the method
used for the evaluation of the behaviour of
the floating bodies are based on the slender
body theory except the semisubmersible case
where a 3D method using the Green function
theory and source distribution technique on
the wetted surface of the body was used [10].

As a next step, the evaluation of the ac-
celerations was carried out using a computer
code based on the RAO’s and the JONSWAP
spectrum as inputs. The values of the accel-
erations, presented as fractions of the gravita-
tional one, are calculated in a point placed on
the starboard side of the midships section at
the main deck level, according to the interna-
tional requirements [9].

Table 1. Principal characteristic of the
floating bodies

[Ship type T L= B P K= Ky [Ke  [GMr
AHTS g0 |507  [160 Jroso0 W25 1577|1507 1507
Floating crane f1o [520 P40 1797 00 1580 [15.80 1230
[Semisubmersible poo3 [1iso0 [0 p41600 [251 533 204 a2

[Pipe laying “Caspica 1 [2.08 13984 1420 |139180 11923 H1.07 4133 5.76
Pipe laying “Caspica2” |15 [p2.40  [p30 57163 841 p4s7  p4s2 o7
Pipe laying GSP 41 [i3so0 f2o p3arto Jieso foso hoso [s2é0

The significance of the notations in Table 1
is:

Lpp — Length between perpendiculars [m];

B — Breadth [m];

T — Draught [m];

A — Displacement [t];

K,x — Roll radius of gyration [m];

Ky, — Pitch radius of gyration [m];

K,, — Yaw radius of gyration [m];

GMt — Metacentric height [m].

2. CALCULATION OF THE
RESPONSE AMPLITUDE
OPERATORS (RAQO’s)

The evaluation of the RAQO’s, when the
slender body theory is applicable, has been
performed by using a computer code based

on the well-known theory developed by
Salvesen, Tuck and Faltinsen [8]. The pro-
gram is using the “close fit source distribu-
tion technique”, developed by Frank. Based
on the calculation of the velocity potential
(solving the classical boundary problem with
initial conditions), the pressure distribution
on the hull is obtained using Bernoulli's
equation. Integrating the pressure on the wet-
ted surface of the body the hydrodynamic
diffraction forces and moments, induced by
regular waves, are obtained. Then, together
with the radiation forces and moments (ex-
pressed as added mass and damping coeffi-
cients), the evaluation of the amplitudes and
phases for all six degrees of freedom, i.e.
surge, sway, heave, roll, pitch and yaw mo-
tions become possible [1], [6]. The coordi-
nate system is presented in Figure 1.
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Fig.1. Motions and coordinate system

The calculations of the motions have
been performed for a number of heading an-
gles in the range 0° + 180° with a step of 15°.
Taking into account the double symmetry of
five of the considered bodies the results are
presented only for 0° 45° and 90° heading
angles. In the case of the AHTS ship, some
relatively small differences have been found.
Consequently, in the present study, only the
influences on the accelerations are reported
for the entire range of heading angles (y).

In order to be able to have a better per-
ception of the influences of heading angle on
the bodies’ behaviour, the results are pre-
sented comparatively for each motion in the
figures below, using the ship length and
wave length nondimensional ratio .

98 © Annals of “Dunarea de Jos” University of Galati Fascicle XI- Shipbuilding,2019



The Annals of “Dunarea de Jos” University of Galati

Fascicle XI

Surge motion - 0"
RAO's

—— AHTS

—F— Flualing
10 . Crane

Heave motion - 45"
RAO's

—— AHTS

16 —=— Hoating

0.2 S —

Zaftalm/m]

10 |
0c f ;ii‘s

Crane
—&— Semisub

- Gsp

NelE o =

~ D =T S )

00 02 04 06 02 10 12 14 16 18 20 22 24 26
Ship length/Wave length [L/A]

— -~ Cespica 1l

£ Rd —=— semisub
%- 0.8
= — - —Caspical
2 06 —
~d, — GSP
0.4 IR
N s ] - Caspica 2
02 B
S =B
0.0 =
00 02 04 06 08 10 12 14 16 1R 20 27 24
Ship length/Wave length [L/A]
. , Mo
Fig.2. RAO’s surge, =0
Surge motion - 45"
AO's
—=—AlITS

—=— Tloating
Crane

Fig.7. RAO’s heave, y = 45°

Heave motion - 90°

E —s— Semisub
& — - —Caspica 1
2
T — = —aGsp
\
- Caspica 2
0.0 02 04 06 08 1.0 1.2 14 16 18 20 2.2 2.4 26
Ship length/Wave length [L/A]
. 1y _ )
Fig.3. RAO’s surge, y = 45
Sway motion - 45"
RAO's

12

11 :‘

1.0

09 ‘ —=— AHTS

3

E 08 —=— Floating

0.7
T A Crane
5 06 —a— semisub
o5 R
> 04 SR — — - =Caspical

03 SRGS B

0.2 = =L - s -6sp

0.1 \LA R =

0.0 =

0.0 0.2 04 06 08 10 1.2 14 16 18 20 2.2 24 26
Ship length/Wave length [L/A]

Fig.4. RAO’s sway, y = 45°

RAO's
24
22
20 —— AHTS
18
— 16 —— Floating
£
T - —a— Semisub
= 12
3 10 — - = Caspica 1
™~ oos
- ——e--Gisp
06 e
0.4 \ ----- Caspica 7
0.2 N i
0.0 =
00 02 04 06 U8 10 12 14 16 1.8 20 2.2 24 26
Ship length/Wave length [L/A]
. 5 _ 0
Fig.8. RAO’s heave, y = 90
Roll mation - 45"
RAOD's
1
10
5 —— AHTS
8 —+— Floating
T / Crane
= —— Semisub
< 5
= — - —caspical
e 1
2 : - =-asp
2 Caspica2
1
o

00 02 04 06 08 1.0 1.2 14 16 1.8 2.0 2.2 24 2.6
Ship length/Wave length [L/A]

Sway motion - 90°

AQ's
1.8
15 —e— AHTS
—12 ——— Floating
E Crane
5 —a—Semisub
= 0.9
= — - =Caspical
s 0.6
. mi -GsP
0.3 s Caspica 2
N —
00 02 04 06 08 10 12 14 16 18 20 22 24 26
Ship length/Wave length [L/A]
. B 0
Fig.5. RAO’s sway, y =90
Heave motion - 0”
AO's
25
2.5 —— AlITS
2 "
—+— Floating
1.75 Crane
'E 15 —=— Semisub
T .
L1 — - = Caspica1l
ERREREE, =, - s -asp
075 S —l N
5 ] - Caspica
0. - = ~
N
0.5 N sls 1]
. o =

0 02 04 0L 0B 1 1.2 14 16 18 2 22 24
Ship length/Wave length [L/A]

Fig.9. RAO’s roll, y = 45°

Roall mation - 90"
RAOD's

Fig.6. RAO’s heave, y = 0°

—s—AHIS
= A —&=—Tloating
g I
= J} \ —=— Semisub
2 4
= I\ — - —cCaspical
S L\
—=2--GSP
N
l \. ENEREEEEE Caspica 2
0.4 0.8 12 16 20 24 2.8 3.2 3.6
Ship length/Wave length [L/A]
. 5 _ 0
Fig.10. RAO’s roll, x = 90
Roll motion - 90°
RAO's
i
A —=—AHTS
LIL —=—Hloating
T / Crane
= H —&— Semisub
= A
% "(A ,f — - —caspical
© A Gsp
i

————— Caspica 2

0.2 0.4 06 N8 1.0 1.2 14 16 18 2.0
Wave circular frequency, o [rad/s]

Fig.11. RAO’s roll, y = 90°

© Annals of “Dunarea de Jos” University of Galati Fascicle XI- Shipbuilding,2019

99



Fascicle XI

The Annals of “Dunarea de Jos” University of Galati

Pitch motion - 0"
RAQ's

——AHIS

—=— Floating

Crane
—=a— Semisub

— - —Caspical

/\ — o~ GsP

06 > —
= ANV i s s X P
va Ty = Caspiva 2

00 02 04 06 08 10 12 14 16 18 20 22 24
Ship length/Wave length [L/A]

Fig.12. RAO’s pitch, y = 0°

Pitch motion - 45°
RAO's

ER -
= 1\ ——AHIS

2.4 7 N

2.2 —=— Floating
=29 /‘ Rﬂ rane

18 4 —=—SEMISUB
=16 s
) - — -
S1a + <3 Caspica1
&1z # =g U\ sp

1.0 - e = - = -G

0.8 & 3

ppe T R e ] L ) Caspica2

-G 7 e

0.4 e | \EQ‘F ol LT

02 & x| [T e

00 e

00 02 04 0.6 08 10 1.2 11 1.6 1.8 2.0 22 24 26
Ship length/Wave length [L/A]

Fig.13. RAO’s pitch, y = 45°

Yaw motion - 457
RAO's

12

11 P

L0 ——AHIS

e /A

os P N —&— Tloating
— vik JEURA Gy Crane
£o7 Y Ml —&— Semisub
506 #- .
< N — - ~Caspica 1
T oL N =L spica
E = = i R

o SR N o=

02 s - ", -k

s & N |5 e Caspica 2

0.1 NS =

0.0 St S

00 02 04 06 08 1.0 L2 14 16 18 20 2.2 2.4 26
Ship length/Wave length [L/A]

Fig.14. RAO’s yaw, y = 45°

3. DEFINITION OF THE SEA
SPECTRUM

In order to be able to calculate the accel-
erations, the JONSWAP sea spectrum was used
for this particular application. Mention should
be made that JONSWAP formulation is the
most required one by the classification societies
and the owners when not enough information is
available for the location where the floating
structures have to be placed. The general for-
mulation of the above mentioned spectrum,
given by Hasseman in 1973, is [7]:

W2
| ey |

N ~ @[ﬁ
Slmlzu—g_zexp 12512y Fe
w” g

where:y — peakedness parameter, 1<y <7,
o — circular frequencys;

a = 0.076(X0)**, & = 0.0081 when X is un-
known.

The spectral density of the JONSWAP
sea spectrum corresponding to Sea State 4
and Sea State 8 are presented in Figure 15
and Figure 16, respectively.
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4. CALCULATION OF ACCEL-
ERATIONS

As previously mentioned, the accelera-
tions have been evaluated based on a com-
puter code having as input data the already
calculated RAO’s and the spectral density for
two Sea States (SS).

The calculations of the accelerations cor-
respond to the points situated on the star-
board of the amidships section at the main
deck level. The locations correspond to the
recommendations in order to evaluate if the
results are complying with the norms related
to human effectiveness on board [9]. The
limits of the accepted values are presented in
Table 2.

The positions of the locations where the
accelerations have been calculated are pre-
sented in Table 3 for each ship.
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It is mandatory to carry out the evalua-
tions in order to identify the limits of the sea
states up to which the personnel is able to
perform different kind of activities. In other
words, these evaluations provide the neces-
sary information in order to be able to define
the operational indexes for a floating struc-
ture, depending on the type of operation to be
performed in open sea.

Table 2. Seakeeping performance criteria for
human effectiveness properties

can be effectively used to identify the head-
ing angles to be avoided in order to reach
acceptable values as compared to recom-
mended ones (see Table 2).

Table 4. Root mean square (rms) values of
the roll angles, lateral and vertical
accelerations - the AHTS ship case.

[Heading angle, ‘ 0 | 15 ‘ 300 ‘ 459 | 60° ‘ 75¢ ‘ 209 ‘ 105 ‘ 1200 ‘ 155 | 1500 ‘ 16350 ‘ 180°
lSea State 4

s [m] 000 [2.39 | 3.84 | 462 | 481 | 4.52 | 406 | 418 | 423 | 3.89 | 3.1 | 1.87 | 0.00
ay)ms'E 0.00 [ 0.01 | 0.02 [ 003 | 0.03 | 0.04 | 0.04 [ 0.03 | 0.03 | 0:02 [ 0.01 | 0.0 | 0.00
(a)ms's 0.02 [ 0.04 | 0.06 | 0.07 | 0.08 | 0.09 | 0.09 | 0.09 | 0.08 | 0.07 [ 0.06 | 0.04 | 0.02
[Sea State 8

s [m] 000 303504626678 | 672|646 (639|619 |548[423| 246 | 0.00

(ay)ms/g. 000 | 0.02 | 0.03 | 0.05 | 0.06 | 0.07 | 0.07 | 0.07 | 0.06 | 0.04 | 0.03 | 0.02 | 0.00
ROOt Mean Square Criterion \ﬁz)mu‘g 006 | 007 | 0.09 | 0.11 (012 | 013 [ 0.13 | 0.13 | 0.12 | 0.11 | 0.09 | 0.07 | 0.06
Description Roll In Tables 5 and Table 6 can be found the results
Vert. Acc.|Lat. Acc. .
) / Mot. of the accelerations values for the other 5 float-
(@)ms/g | (ay)mi/g Orms [ ] ing bodies corresponding to the two Sea States
Licht Manual considered for the evaluations.
& Work 020g | 0.10g | 6.0°
or Table 5. The results corresponding to Sea
Hea\&Mle(mual 0.15¢ | 007g | 4.0° State 4 (for 5 floating bodies)
or
[Sea State 4
Intellectual 0.10 0.05 3.0° [Heading angle b0 150
Work . g . g . Roll amplitudes and aceelerations  [ppn: [T [(@)ms'E  [(ad)ms'®  [(2c)ms'E
Transit AHTS @.16 004 .080 [0.020
o [Floating Crane [4.05 053 1126 0.095
Passengers 0'05 g 0'04 g 2.5 Bemisubmersible .30 007 010 0.007
. . aspica [2.05 071 107 10.027
Cruise Liner | 0.02g | 003g | 2.0° popiea ! e
[Caspica 2 [2.83 080 135 0.048

Table 3. The positions of the locations
related to the centre of gravity of each

floating body
Locations Coordingtes .
of the of the evaluation point
. related to the Center of
a(;(\:;llir;tiloo:s Gravity of each body [m]
X; Yi Z;
AHTS 28.80 | 6.80 | 6.80
Floating Crane 32.00 | 10.00 | 1.00
Semisubmersible | 55.50 | 30.00 | 16.00
Caspica 1 70.00 | 42.00 | 10.00
GSP 62.00 | 21.00 | 10.00
Caspica 2 43.10 | 16.50 | 8.00

Due to the fact that the AHTS ship has
only bilateral symmetry, in Table 4 are pre-
sented the accelerations for the whole range
of the defined heading angles [2]. The results

Table 6. The results corresponding to Sea
State 8 (for 5 floating bodies)

Sea State 8
[Heading angle o’ 180"
Roll amplitudes and accelerations  |pms [T [(a)me'z  [(adme's  [2ms's
AHTS |6-46 070 130 060
[Floating Crane 1474 066 1143 1123
Semisubmersible [2.05 052 047 1056
[Caspica 1 337 1107 150 1133
|GSP 5.84 123 191 1134
[Caspica 2 |3.89 .106 1167 1121
5. CONCLUSIONS

Due to the fact that the accelerations are
among the most important outputs of such an
analysis, it is necessary to carry out calcula-
tions for a higher number of Sea States. Then,
a thinner evaluation of the operational index
can be obtained. The results of the applica-
tions performed for the analysed floating
structures are for a limited number of heading
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angles considered to be the most dangerous
cases.

If the metocean information regarding
the statistics of the wave, current and wind
on a given location is available, the problem
of the above mentioned index is easier to be
solved by identifying the possible operational
time over the year.

An important observation is that except
the low wave frequencies, the semisubmersi-
ble is the most suitable solution but, unfortu-
nately, an expensive one. In this case roll
motion has very low amplitudes over the full
range of the investigated frequencies.

Mention should be made that, for a rela-
tively short time of operation on a location,
like the floating crane or AHTS cases, the
root mean square (rms) values are enough to
evaluate the dynamic behaviour in terms of
comfort indexes. If a floating structure has to
operate continuously on a given location,
then the distribution of the significant wave
height dependence on the cumulative prob-
ability has to be evaluated in order to have a
basis to compare the values to be used for
design purposes, using the design wave prin-
ciple [5].

The results presented in the paper could
be considered as a first attempt in creating a
comparative overview on the behaviour of
six floating bodies, having different geome-
tries, mass distributions and natural frequen-
cies covering some typical offshore activities
[3]. An example is presented in Figure 11,
where the spreading of natural frequencies
when resonance could happen for each float-
ing body can be observed.

As already mentioned, a dedicated appli-
cation can be performed for a specific loca-
tion when knowing the wave spectrum, com-
bined with the evaluation of the wave in-
duced forces and moments on ship girder.
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