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ABSTRACT

This paper is focused on the seakeeping analysis of a LPG hull ship model,
with 238.7 m length. The study includes the linear seakeeping analysis, coupled
pitch and heave motions, uncoupled roll motion, in irregular oblique waves, heading
angle 0 = 360 deg., considering the sea described by four power density spectra:
ITTC, ISSC, Pierson—-Moskowitz and JONSWAP. Based on short term prediction
statistical values and specific limits of seakeeping criteria, are obtained the dynamic
response statistical polar diagrams, on each motion degree, power density spectrum
and cumulative effect, pointing out the influence of the ship speed, heading angle
and the difference between the four power density spectra for practical seakeeping
assessment. The most restrictive results are obtained in the case using the
JONSWAP wave spectrum. The numerical seakeeping analyses are carried out with
DYN_OSC program code, in the frame of PhD POSDRU research activities.

KEYWORDS: numerical analysis, ship dynamics, seakeeping, irregular oblique
waves, wave power density spectrum, heave, pitch, roll

Table 1. The LPG carrier 100000 cbm main
characteristics

1. INTRODUCTION

1.1. Problem definition Type of ship LPG Carrier
Hull type Mono-hull
This study is focused on the seakeeping analysis in L [m] 237.8 m
irregular oblique waves for a LPG Carrier 100000 B [m] 382 m
cbm mono — hull ship model. The main objective of H [m] 23.2m
the study is to analyse the influences of ship speed, d [m] 13.8m
heading angle and the four wave power density Cy 0.77
spectra on the maximum RMS heave, pitch, roll ho[m] , 7.886
motion and acceleration amplitudes. g [m/s2] 9.81
The studies are carried on a LPG carrier 100000 Jx[t m’] 8794162.997
cbm, with length of 238.7 m, under the rigid body Nsacion 40
hypothesis, analysed for linear seakeeping dynamic W [deg.], 5y 0+360, 15
ypo > Yy ping dy -
1 ug[knots], duy 0+18, 2,17
response (Bhattacharyya [2], Soding [6], Bertram [1], T [s] 8376
Domnisoru [3]) and statistical short term prediction Tols] 33106
response method [4], [S] (see Section 2), taking into T, [s] 14.765

account the main three ship oscillation degrees of
freedom, heave and pitch, uncoupled roll.

The main dimensions of the analysed LPG
carrier are presented in Table 1. The ship is designed
to transport gas refinery in prismatic type cargo tanks,
designed for a pressure of about 0.25 Bar and with a
minimum temperature of -48°C. This ship is
symmetric in the centre line CL.
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In Section 3 are presented the seakeeping and
short term prediction statistical results, including
transfer functions and polar diagrams (significant
wave height and sea Beaufort level), for specific
seakeeping criteria (14).

The conclusions of this analysis are included in
Section 4, pointing out the practical design
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seakeeping restrictions, based on the resulting short
term statistical polar diagrams.

2. THEORETICAL BACKGROUND

The seakeeping analysis from this study is
carried out under the following hypotheses:

- the excitation source is the wave Airy model [2];

- the motion equations are linearized;

- the ship-sides are considered vertical;

- the motions amplitudes are considered small;

- the Lewis based on hydrodynamic coefficients
[6];

- the strip theory based hydrodynamic forces [2].

The elevation of the equivalent wave, model
Airy, with fy(x),e(x) average factors, is:

C,(xt)=a, f,(x)e(x)cogkxcospu— o)

o, =o—k-ugcosp; k :(uz/g ;u=0" =360
where: a, wave amplitude; ®, encountering ship-wave
equivalent circular frequency; g gravity acceleration; p
heading angle between the ship and wave main direction (0
& 360° following seas; 180 head seas; 90° beam seas); Us
ship speed.

The linear motion equations system of coupled
heave {(t) and pitch 6(t) motions is:

AL+B L+C L+ A+ BO+CO=F,(t)
Pock+Bob+Cocls+ AP+ By +Coe =M, 1)

where: Agg. Bg;, C;;, A:a, Bgal Cga, Aag, Bag Cag,
Agg, By ,Cyp are the radiation terms; Fy(t), M,(t) are
the wave diffraction terms.
FW( ) (F cos 0t + Fog sin o, ) 3
Mw(t): aW(MOC cos gt + M, smo)et) ®)
The motion equations system (2) steady state
solution has the following expression:
C(t) =C,cosm,t+&, sinm,t =C, cos(oaet - ag)

(M

2

e(t) =0, cosm, t +6, sinw,t =0, cos((oet - 89) @
where ,,5,,01,0, result from the algebraic system:
[A(we X (o )} = {B(oe )}
{X (‘”e)}: {QI’CZ’GI’ }T (5)

{B(('Oe )} {FOC7 FOS’ M oc» M }

Grothy aB; Goadhy @By
B QA By CGuodhy
Qag—‘*g'%q (%Eég Qaeﬂg'%e @By
—(’%Bag Qagﬂg'%q —By Q)e—(*i'%e

The transfer functions of the dynamic response at
heave and pitch are the following:

[Acy]

Hy, (@6 1) = Ya(0e1)a, , 3 ¥ € 6.0} (6)
The wave slope is as following:
&; (xt) = —ay,ksinf, (x)e(x)sinkxcosp—w,t)  (7)
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The differential equation for the linear
uncoupled roll ¢(t) oscillation is:
8,3(t)+ Dy p(t) + Coeplt) = M (1) ®)

where: a, ,b, ,C, , are the radiation terms and the
diffraction M,,(t) wave excitation term is:
M(p(t): Mosin((oet-i-B(p) ©)
The motion equation (8) steady state solution has
the following expression:

([it) =0y Sir‘%t _8(p); H(pa (('Oeau) :(Pa((’%v HH Ay (10)

The short term ship dynamic response of the
ship (the linear analysis) can be determined knowing
the transfer function and the wave spectrum.

2
(Dyy,i (me’u) = |HyCv ((De’u)| (DQVQVJ ((De’p')

m, (u) =Im“ D, (,,1)do, n=0,2,4,..
0

(11)
(12)

where i represent the wave spectrum type (ISSC,
ITTC, Pierson — Moskowitz and JONSWAP)
Dynamic response short term statistical values are:

RMS () =/my, () : RMSe ) =/my ()~ (13)

where the following limits are considered:
RMS ax =
RMSg 0 =3°

Frore — Ztoreo > RMS&CCmax =0.1g

> Zforep = L/2- RMSGmax (14)

RMSaGytore (H) =
RMSacgtore max = RMSac

L
ERMsaCe(H); F=H _d| fore
=0.15¢g

(pshmax

RMS

(pmax

RMSac,q, (1) = gRMSaC (u); =6°

Based on limit values RMS,.., RMSac,,,, result the
polar diagrams hy;5,..« (u, y) and Beaufort B, (p, y),
for several ship speeds ug and wave spectra.

3. NUMERICAL ANALYSIS

This calculation has been made for different heading
angle 0 + 360 deg. (step used 15 deg.), different speed
of the ship (0 to 18 knots with step equal with 2 and
17 Knots — speed of ship), two load cases: full cargo,
ballast, and four wave power density spectra, as
following: ITTC, ISSC, Pierson — Moskowitz and
JONSWAP.

The transfer function of heave, pitch and roll
oscillation of the ship are obtained for each speed of
the ship, each heading angle and for each load case
(Fig.1 to Fig.6).

Knowing the transfer function of heave, pitch and
roll of the ship, the next step is for each wave spectrum
to obtain the short term ship dynamic response of the
ship at the linear analysis.
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Hags [m/m] ug =17 knots, Full load Hyzg [mim] ug=17 knots, Ballast
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Fig. 1. Heave transfer function Hzs[m/m], full cargo

Fig. 4. Heave transfer function Hzs[m/m], ballast
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Fig. 2. Pitch transfer function Hs[m/m], full cargo

Hyq [rad/m] us =17 knots, Full load

0.800

0.700

0.600 /\

0.500

0.400

0.300

0.200 /\

0.100

/f/\’,\- wiradis]
2

0.000 42 oottt e A e e sttt 0 000 0 F

——06=30° ——0=45° ——0=60°
—+—0=135" —=—6=150° —+—0=165°

——0=75"  ——8=90"
6=180°

——0=0° ——0=15°

——8=105° ——08=120°

Fig. 3. Roll transfer function Hg4[m/m], full cargo
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Fig. 5. Pitch transfer function Hs[m/m], ballast
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Fig. 6. Roll transfer function Hg4[m/m], ballast
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Table 2. Cumulative limit using 1ISSC spectrum, full
load

u [deg.] | heave | pitch roll | hy3ma | Beaufort

Table 3. Cumulative limit using ISSC spectrum, ballast
p [deg.] | heave | pitch roll hismax | Beaufort
0 3.584 | 10.000 | 10.000 | 12.000 | 11.00 0 3.584 | 10.000 | 10.000 | 12.000 | 11.00

15 3.519 | 10.000 | 10.000 | 12.000| 11.00 15 3.519 | 10.000 | 10.000 | 12.000 | 11.00

2% | 1 5 0 30 [3.326 | 10.000 | 7.337 [ 12.000 | 11.00
013320 | 10000 1 7.337 1 12.000] 1199 45 [3.009 [ 10.000 | 4.955 | 7.503 | 9.15

45 | 3.009 | 10.000 | 4.955 | 1.817 | 4.20 60 | 2.561 | 10.000 | 4.234 | 6.554 | 8.60
60 | 2.561 | 10.000 | 4234 | 4214 | 7.05 75 1 2.041 ] 10.000 | 3.929 | 7.061 | 8.92

90 1.802 | 10.000 | 3.840 | 4.376 7.16
75 2.041 | 10.000 | 3.929 | 5.697 8.07

105 | 2.041 | 10.000 | 3.929 | 5.331 7.82
90 1.802 | 10.000 | 3.840 | 4.349 7.14 120 | 2.561 | 10.000 | 4.234 | 6.579 8.62

150 | 3.326 | 10.000 | 7337 | 8478 | 9.61
120 | 2.561 | 10.000 | 4.234 | 6.738 | 8.72 165 | 3.519 | 10.000 | 10.000 | 8.807 | 9.77

135 | 3.009 | 10.000 | 4.955 | 7.884 9.33 180 | 3.584 | 10.000 | 10.000 | 8.918 9.83
150 |3.326 1 10.000 | 7.337 | 8.759 975 180 + 360 deg. same as for 180 + 0 deg. due sym.

165 | 3.519 | 10.000 | 10.000 | 9.302 | 10.01
180 | 3.584 | 10.000 | 10.000 | 9.480 | 10.07
180 + 360 deg. same as for 180 + 0 deg. due sym.

Full load 0 Ballast 0

—e—h1/3_0 [kts]
—8—h1/3_2 [kts]

—e—h1/3_0 [kis]
—=—h1/3_2 [kis]

——h1/3_4 [kis] —&—h1/3_4 [kis]
——h1/3_6 [kis] ——h1/3_6 [kis]
—%—h1/3_8 [Kkis] —%—h1/3_8 [kis]
—e—h1/3_10 [kts] —e—h1/3_10 [kts]
——h1/3_12 [kts] ——h1/3_12 [kts]
——h1/3_14 [kts] ——h1/3_14 [kts]
——h1/3_16 [kts] ——h1/3_16 [kts]

—o—h1/3_17 [kts]
—8-h1/3_18 [kis]

—o—h1/3_17 [kts]
—m—h1/3_18 [kts]

Fig. 7. Cumulative hys[m] polar diagram, ISSC Fig. 9. Cumulative hy3[m] polar diagram, ISSC
spectrum spectrum
Full load Ballast 0
300/ —e—B_0 [kts] ——B_0 [kts]
/ —=—B_2 [kts] —m—B_2 [kis]
285 | —&—B_4 [kts] —&—B_4 [kts]
—%—B_6 [kts] —<—B_6 [kts]
[ —%—B_8 [kts] —*—B_8 [kts]
270 | —e—B_10 [kis] —e—B_10 [kis]
—+—B_12 [kts] ——B_12 [kts]
255 ——B_14 [kts] ——B_14 [kts]
———B_16 [kts] ———B_16 [kts]
\ —o—B_17 [kts] —o—B_17 [kts]
240 —=—B_18 [kts] —5—B_18 [kts]
Fig. 8. Cumulative Beaufort polar diagram, ISSC Fig. 10. Cumulative Beaufort polar diagram, ISSC
spectrum spectrum
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Table 4. Cumulative limit using ITTC spectrum, full

load Table.5. Cumulative limit using ITTC spectrum, ballast
u [deg.] | heave | pitch roll | hysme | Beaufort u [deg.]| heave | pitch roll | hy;sma |Beaufort
0 3584 | 10.000 | 10.000 | 12.000 | 11.00 0 3.584|10.000 | 10.000 | 12.000 | 11.000

15 13.519]10.000 | 10.000 | 12.000| 11.000

15 3.519 | 10.000 | 10.000 | 12.000 | 11.00 30 33261100001 7337 112.0001 11.000

30 | 3.326 | 10.000 | 7.337 |12.000 | 11.00 45 130091 10.0001 4955 19223 | 9.971
45 {3.009 | 10.000 | 4.955 | 1.647 | 3.74 60 [2.561]10.000] 4.234 | 6.775 | 8.740
60 | 2.561 | 10.000 | 4234 | 3.761 | 6.66 75 12.041[10.000] 3.929 | 7.996 | 9.385
75 | 2.041 | 10,000 | 3.929 | 5.080 | 7.65 90 [1.802[10.000] 3.840 | 4.504 | 7.251

105 [2.041]10.000 | 3.929 | 5.448 | 7.901
120 [2.561]10.000 | 4.234 | 6.771 | 8.737

90 1.802 | 10.000 | 3.840 | 4.302 7.11

105 | 2.041 | 10.000 | 3.929 | 5.345 | 7.83 135 [3.009 | 10.000 | 4.955 | 8.212 | 9.488
120 2.561 | 10.000 | 4.234 | 6.621 8.64 150 [3.326]10.000| 7.337 | 8.694 | 9.718
135 3.009 | 10.000 | 4.955 | 7.794 929 165 [3.519]10.000 | 10.000 | 9.003 | 9.866
150 | 33261 10000 | 7337 | 8.702 972 180 |[3.584]10.000|10.000| 9.106 | 9915

180 + 360 deg. same as for 180 + 0 deg. due sym.
165 3.519 | 10.000 | 10.000 | 9.269 9.99

180 | 3.584 | 10.000 | 10.000 | 9.454 | 10.06
180 + 360 deg. same as for 180 + 0 deg. due sym.

Full load 0 Ballast 0
0 0o

—e—h1/3_0 [kis]
—=—h1/3_2 [kis]
——h1/3_4 [kis]
——h1/3_6 [kis]
—%—h1/3_8 [Kkis]
—e—h1/3_10 [kts]

——N1/3_0 [kts]
—=—h1/3_2 [kts]
—&—h1/3_4 [kts]
—<—h1/3_6 [kts]
—*—h1/3_8 [kts]
—e—h1/3_10 [kts]

——h1/3_12 [kts] ——h1/3_12 [kts]
——h1/3_14 [kis] ——h1/3_14 [kts]
——h1/3_16 [kis] ——h1/3_16 [kts]

—o—h1/3_17 [kts]
—8-h1/3_18 [kis]

—o—h1/3_17 [kis]
—3—h1/3_18 [kts]

Fig. 11. Cumulative hy;3[m] polar diagram, ITTC Fig. 13. Cumulative hy3[m] polar diagram, ITTC
spectrum spectrum

Full load 0 Ballast 0

—+—B_0 [kis] —e—B_0 [kts]
—m—B_2 [kts] —=—B_2 [kts]
—a—B_4 [kts] —a—B_4 [kts]
——B_6 [kis] —%—B_6 [kts]
—x—B_8 [kis] —x—B_8 [is]
—e—B_10 [kis] —e—B_10 [kts]
——B_12 [kis] ——B_12 [kts]
——B_14 [kis] ——B_14 [kts]
———B_16 [kts] ——B_16 [kts]
—o—B_17 [kis] —o—B_17 [kts]
——B_18 [kts] —5-B 18 ks]

Fig. 12. Cumulative Beaufort polar diagram, ITTC Fig. 14. Cumulative Beaufort polar diagram, ITTC

spectrum spectrum
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Table 6. Cumulative limit using PM spectrum, full

load Table 7. Cumulative limit using PM spectrum, ballast
u [deg.] | heave | pitch roll | hysme | Beaufort u [deg.]| heave | pitch roll | hy;sme |Beaufort

15 13.519]10.000 | 10.000 | 12.000| 11.00

15 3.519 | 10.000 | 10.000 | 12.000 | 11.00 30 33261100001 7337 112.0001 11.00

30 3.326 | 10.000 | 7.337 | 12.000 | 11.00 45 3.009]10.000] 4.955 | 7.509 915
45 3.009 | 10.000 | 4.955 1.818 4.20 60 2.561110.000 | 4.234 | 6.559 8.60
60 2561 | 10.000 | 4234 | 4216 7.05 75 2.04110.000 | 3.929 | 7.066 8.92
75 5041 | 10.000 | 3.929 | 5701 .07 90 1.802 | 10.000 | 3.840 | 4.379 | 7.16

105 [2.041]10.000| 3.929 | 5335 | 7.82
120 [2.561]10.000 | 4.234 | 6.584 | 8.62

90 1.802 | 10.000 | 3.840 | 4.352 7.15

105 | 2.041 | 10.000 | 3.929 | 5470 | 7.92 135 [3.009 | 10.000 | 4.955 | 7.918 | 9.35
120 | 2.561 | 10.000 | 4.234 | 6.742 8.72 150 [3.326]10.000| 7.337 | 8.484 9.62
135 3.009 | 10.000 | 4.955 | 7.890 933 165 [3.519]10.000 | 10.000 | 9.003 9.77
150 133261 10000 | 7337 | 8765 9.75 180 |[3.584|10.000 | 10.000 | 9.106 9.83

180 + 360 deg. same as for 180 + 0 deg. due sym.

165 | 3.519 | 10.000 | 10.000 | 9.308 10.01
180 | 3.584 | 10.000 | 10.000 | 9.487 | 10.07
180 + 360 deg. same as for 180 + 0 deg. due sym.

Full load 0 Ballast 0
0

——h1/3_0 [kts] ——h1/3_0 [kts]
—=—h1/3_2 [kts] —=—h1/3_2 [kts]
—a—h1/3_4 [kts] —a—h1/3_4 [kts]
—*—h1/3_6 [kts] —*—h1/3_6 [kts]
—%—h1/3_8 [kis] —%—h1/3_8 [kis]
—e—h1/3_10 [kts] —e—h1/3_10 [kis]
——h1/3_12 [kts] ——h1/3_12 [kts]
——h1/3_14 [kts] ——h1/3_14 [kts]
——h1/3_16 [kts] ——h1/3_16 [kts]
—o—h1/3_17 [ts] —o—h1/3_17 [kts]
——h1/3_18 [kts] ——h1/3_18 [kts]

Fig. 15. Cumulative hy;3[m] polar diagram, PM Fig. 17. Cumulative hy3[m] polar diagram, PM
spectrum spectrum
Full load 0 Ballast
—e—B_0 [kts] 300 ——B_0 [kts]
—m—B_2 [kts] —m—B_2 [kts]
—a—B_4 [kts] 285 L/ —2—B_4 [kis]
—>—B_6 [kts] —=—B_6 [kts]
—*—B_8 [kts] 270 —*—B_8 [kts]
—e—B_10 [kts] —e—B_10 [kts]
—+—B_12 [kts] |/ ——B_12 [kts]
——B_14 [kts] 255 ——B_14 [kis]
———B_16 [kts] ——B_16 [kts]
—o—B_17 [kts] —o—B_17 [kts]
240
—m—B_18 [kts] —m—B_18 [kts]
Fig. 16. Cumulative Beaufort polar diagram, PM Fig. 18. Cumulative Beaufort polar diagram, PM
spectrum spectrum
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Table 8. Cumulative limit using JONSWAP spectrum,  Table 9. Cumulative limit using JONSWAP spectrum,

full load ballast
u [deg.] | heave | pitch roll | hysme | Beaufort u [deg.]| heave | pitch roll | hysme |Beaufort

15 13.519]10.000 | 10.000 | 12.000| 11.00

15 3.519 | 10.000 | 10.000 | 12.000 | 11.00 30 33261100001 7337 112.0001 11.00

30 3.326 | 10.000 | 7.337 | 12.000 | 11.00 45 3.009]10.000] 4.955 | 9.362 10.03
45 3.009 | 10.000 | 4.955 2.166 4.92 60 2.561110.000 | 4.234 | 6.558 8.60
60 2561 | 10.000 | 4.234 | 5.101 7.66 75 2.041 (10.000 | 3.929 | 8.457 9.60
75 5041 | 10,000 | 3.929 | 6911 383 90 1.802 | 10.000 | 3.840 | 4.375 7.16

105 [2.041]10.000 | 3.929 | 5364 | 7.84
120 [2.561]10.000 | 4.234 | 6.740 | 8.72

90 1.802 | 10.000 | 3.840 | 4.233 7.06

105 | 2.041 | 10.000 | 3.929 | 5.548 | 7.97 135 [3.009 | 10.000 | 4.955 | 8.198 | 9.48
120 2.561 | 10.000 | 4.234 | 6.914 8.83 150 [3.326]10.000| 7.337 | 9.164 9.94
135 3.009 | 10.000 | 4.955 | 8.092 943 165 |[3.519]10.000 | 10.000| 9.655 | 10.14

180 |3.58410.000 | 10.000 | 9.822 | 10.20
180 + 360 deg. same as for 180 + 0 deg. due sym.

150 | 3.326 | 10.000 | 7.337 | 8.994 9.86
165 | 3.519 | 10.000 | 10.000 | 9.563 10.10
180 | 3.584 | 10.000 | 10.000 | 9.757 10.17
180 + 360 deg. same as for 180 + 0 deg. due sym.

Full load 0 Ballast . 0
0

—e—h1/3_0 [kts]

—e—h1/3_0 [kis]

—=—h1/3_2 [kis] —=—h1/3_2 [kis]
——h1/3_4 [kis] —&—h1/3_4 [kis]
——h1/3_6 [kis] ——h1/3_6 [kis]
—%—h1/3_8 [kis] —%—h1/3_8 [kis]
—e—h1/3_10 [kts] —e—h1/3_10 [kts]
——h1/3_12 [kts] ——h1/3_12 [kts]
——h1/3_14 [kts] ——h1/3_14 [kts]
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Fig. 19. Cumulative hy3[m] polar diagram, Fig. 21. Cumulative h1/3[m] polar diagram,
JONSWAP spectrum JONSWAP spectrum
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Fig. 20. Cumulative Beaufort polar diagram, Fig. 22. Cumulative Beaufort polar diagram,
JONSWAP spectrum JONSWAP spectrum
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Fig. 23. The correlation diagram between the

significant wave height hy3[m] and the sea state
condition expressed in Beaufort level

The significant dynamic response on short term
prediction has some limits presented in Chapter 2,
according to the seakeeping restrictions practical
criteria (Fig.7 to Fig.21 and Table 2 to Table 9).

4. CONCLUDING REMARKS

Based on the numerical results from Section 3, it
results the following conclusions:

1. The maximum significant amplitudes for heave
and roll are recorded at p=90 deg. and for pitch at
p=180 deg (Table 2 to Table 9).

2. From Fig.7 and Fig.9 (Table 2 and Table 3 only
hy/3max), it results that the maximum significant wave
height limit hj;3,.c has the following values: full load
4.349 =+ 12.000 m and ballast 4.376 + 12.000 m; the
Biax obtained from cumulative Beaufort polar
diagrams in Fig. 8 and Fig.10 for which case it has the
following values: full load 7.140 + 11.000 m and
ballast 7.160 + 11.000 m.

3. From Fig.11 and Fig.13 (Table 4 and Table 5
only hyjmax), it results that the maximum significant
wave height limit hy3,,,, has the following values: full
load 4.302 + 12.000 m and ballast 4.504 + 12.000 m;
the B obtained from cumulative Beaufort polar
diagrams in Fig. 12 and Fig.14 for which case it has
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the following values: full load 7.110 + 11.000 m and
ballast 7.251 + 11.000 m.

4. From Fig.15 and Fig.17 (Table 6 and Table 7
only hy;may), it results that the maximum significant
wave height limit hy3,,,,, has the following values: full
load 4.352 + 12.000 m and ballast 4.379 + 12.000 m;
the B obtained from cumulative Beaufort polar
diagrams in Fig. 16 and Fig.18 for which case it has
the following values: full load 7.150 + 11.000 m and
ballast 7.160 + 11.000 m.

5. From Fig.19 and Fig.21 (Table 8 and Table 9
only hjjsmax), it results that the maximum significant
wave height limit hy3,.c has the following values: full
load 4.233 + 12.000 m and ballast 4.375 + 12.000 m;
the B obtained from cumulative Beaufort polar
diagrams in Fig. 20 and Fig.22 for which case it has
the following values: full load 7.060 + 11.000 m and
ballast 7.160 + 11.000 m.

6. From conclusion 2) to 5) it results that the most
restrictive seakeeping state is recorded on JONSWAP
wave spectrum.

Acknowledgements

This study has been accomplished in the frame
of the national grants EFICIENT POSDRU 88/1.5/S
ID-61445 2009-2011 and TOP ACADEMIC
POSDRU 107/1.5/S ID-76822 2010-2011.

REFERENCES

[1] Bertram, V., Practical Ship Hydrodynamics, 2000, Butterworth
Heinemann, Oxford;

[2] Bhattacharyya, R., Dynamics of marine vehicles, 1978, John
Wiley & Sons Publication, New York;

[3] Domnisoru, L., Ship Dynamics. Oscillations and Vibrations,
2001, Technical Publishing House, Bucharest;

[4] Faltinsen, O.M., Sea loads on ships and offshore structures,
1993, Cambridge University Press;

[5] Price, W.G. & Bishop, R.E.D., Probabilistic theory of ship
dynamics, 1974, Chapman and Hall, London;

[6] Sbding, H., Bewegungen und Belastungen der Schiffe im
Seegang, 1982, Institut fiir Schiffbau der Universitdt Hamburg.



