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ABSTRACT

The design of ships or any other floating systems intended to operate on or close to the
surface of the sea is controlled to a large extent by what is usually referred to as seakeeping, or, in
more common terminology, safety at sea. This is a primary consideration and criteria, which has to
be fully met. Safety of a ship naturally includes the crew, cargo and the hull itself. Seakeeping is,
indeed, a generalized term and reflects the ship's capability to survive all hazards at sea such as
collision, grounding, fire, as well as heavy-weather effects related to the environment in general and
waves in particular. The two most likely types of failure under these conditions are due to structural
causes and capsizing resulting from insufficient stability under severe weather conditions.

Such criteria as economical navigation of the ship as related to speed-keeping abilities, fuel
consumption, avoidance of damage to ship components and cargo, and comfort to crew or
passengers, or both, are key items. The operational limits of electronic equipment, mechanical
components and weapon systems on board warships are other aspects of sea keeping.

In this work it is highlighted that seakeeping is a generalized term that includes a wide variety
of subjects such as ship motions (amplitudes, accelerations, phases), deck wetness, slamming,
steering in waves, added resistance, hydrodynamic loadings (pressures, forces, moments) and
transient loads. Since the ship environmental operability or its sea keeping characteristics are
closely linked to the severity of the sea, the description of the seaway is usually considered as an
integral part of sea keeping.

It is taken into consideration that the severity of the sea cannot be considered in absolute
terms, since for each floating system, be it a ship, a platform or a buoy, the intensity of the sea state
can only be determined in terms of the system's responses. Hence, different thresholds apply to
different problems, and sea state 4 may be just as severe for a small patrol craft as sea state 8 may
be for a larger containership. Hence, the characteristics and frequency of occurrence of waves in
specific sea zones are required if a possible reduction in the system environmental operability is
expected.

It is demonstrated that most texts or papers, which deal with the overall question of sea
keeping, devote some attention to the basic phenomena, that is, the seaway and the motions of the
ship or other floating platforms as a result of the excitation imposed by the seaway. Ship motions,
as such, do not always constitute the criteria for sea keeping, and much more often other responses
directly related to the magnitude and phasing of the motions or the resulting velocities and
accelerations constitute the prime cause for exhibiting good or bad sea keeping qualities. Such
responses could be a function of the motion only, as in the case of added resistance or
hydrodynamic pressures, or they could be a function of motion and other design parameters, such as
freeboard in the case of deck wetness or the longitudinal weight distribution in the case of vertical
bending moments.

In this work, latest methods of modeling and computation for body-wave interactions
described and compared with data observed for container carrier. The foregoing calculation routine
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is fairly well accepted today among naval architects specializing in the sea keeping aspects of the
ship design process. Differences between the results obtained by various techniques as presented by
the available computer programs are insignificant. However, since the regular-wave results are of
little or no value except as input for the more realistic long- and short-term response predictions in a
real seaway environment, it is important to determine which wave data information and what
statistical extrapolation techniques are used to obtain the latter.

The format used to describe the seaway in most ship response calculations is the wave
spectrum. However, since measured spectrum for a specific sea zone or route are very rarely
available, it is often necessary to use spectrum measured in one location for predictions in another
location. In such a case, while the basic spectruml shape and scatter remain unchanged, the
percentage of wave height distribution would vary to represent realistic conditions for the sea area
in question. Such data usually are based on observations, and assuming the sample is large enough
the distribution of expected wave heights should be quite reliable.

An alternative approach often used in ship design is to utilize one of several theoretical
spectruml formulations [2, 3, 4] such as the Pierson-Moskowitz one-parameter spectrum, the ISSC
spectrum, the JONSWAP spectrum, and other. In each of these cases, some input parameters are
required usually in the form of wave height, period, peak frequency, fetch, etc. The reliability of the
wave data depends in these cases both on the quality of the input parameter and the adequacy of
the theoretical formulation.

Keywords: safety of navigation, seakeeping qualities, analytical modelling, stability
assessment.

AHHOTALIS

VY naniii poOOTi 3ayBa)K€HO, MIO0 KOHCTPYKIiSl KOpaOiiB abo Oyab-fKHX IHIIMX IUIABYYHX
CHCTeM, IPU3HAYEHUX JUIs eKCIUTyaTallil Ha MOBEpXHI Mops ab0 MoOaU3y BiJ] HEl, 3HAYHOIO MipOIo
KOHTPOITIOEThCS 30epe)eHHIM MOpeXiTHOCTi. be3neka cyaHa, MpupoIHO, BKITIOYAE eKiMaX, BAHTaX
1 cam kopmyc. IlinkpecieHo, 110 MOPEXiJIHICTb € JOCHTh y3aralbHEHHUM TEPMIHOM 1 BKIIOYA€E
IIUPOKUHN CIIEKTP MPEIMETIB, TAKUX K PyXH KOpadiis (aMIUTITYU, IPUCKOPEHHs, Qa3u), BOJOTICTh
naryOu, MiecKaHHsl, KepyBaHHs XBUWISIMHU, J10AaTKOBUI OMip, T1ApOoANHAMIUHI HaBaHTaXeHHs (THUCK,
CWJIM, MOMEHTH) Ta MepexiAHl mpolecu HaBaHTaXeHHs. OCKUIbKU €KOJIOT1YyHa MPUAATHICTh CyJIHA
a00 Moro XxapakTepuCTUKU 30€peKEeHHsI MOPEXITHHUX SKOCTEH TICHO IMOB’s3aHi 3 BaXKICTIO MOpH,
OITMC MOPCHKOTO NUISIXY 3a3BHYail pO3TIIAAAETHCA K HEBIJ €MHA YaCTHHA YTPUMAHHS MOPSI.
ITokazaHo, 110 OUIBIIICTE TEKCTIB UM CTAaTeH, IO CTOCYIOTHCS 3arajlbHOrO NMUTAHHS 30€peKeHHs
MOpPEXITHUX SKOCTEH, MPUAUISIOT JIESKY YBary OCHOBHHM SIBUIIIAM, TOOTO MOPCHKOMY IUISIXY Ta
pyxaMm KopaOJis 4M 1HIIMX IUIaBYyYuX MIAaTGOpM B pe3yibTatTi 30yAKEHHs, SKe HaK/IaJae MOPChKUN
nuiax. Peakiii cyHa He 3aBXIU € KpUTEpIsIMU 30epexeHHs MOpEXiJHUX sSKocTed 1 Habarato
qacTime iHII peakilii, 0e3mocepeHbO TMOB'SA3aHI 3 BEIUYMHOIO 1 TOCTYMOBICTIO pyXiB, abo
Pe3yIbTYIOU] MIBUAKOCTI Ta MPUCKOPEHHS CKJIaIAl0Th OCHOBHY NMPUYNHY JEMOHCTPYBAaHHS ITOTaHUX
MopexigHuX sikocTel. Taki peakiii MOXKyTh OyTH (DYHKIII€I0 JIUILE PyXY, K y BUNAAKY JOJAHOTO
ornopy a0o TiIpPOAMHAMIYHOTO THUCKY, a00 BOHHM MOXYThb OYTH (QYHKI€I0 pyXy Ta IHIIUX
KOHCTPYKTHBHUX TIapaMeTpiB, TakuxX SK HaJBOAHUNH OOpT y pas3i Bosmorocti namyOum abo
M03/I0BXKHBOTO PO3IOIUTY Bar'd B BUNIAJIOK BEPTUKAIBHUX 3STHHAILHAX MOMEHTIB.

PesynbraTi aHAMITMYHOTO MOJENIOBaHHA Ta MOro MOPIBHSAHHS 13 CIIOCTEPEKYBAHUMHU
JaHUMHU TIOKa3YIOTh TEPCHEKTHBY CYTTEBOTO MOJIMIIEHHS MPOTHO3YBAHHS SIKOCTEH MOPCHKOTO
00CITyroByBaHHS, 3a YMOBH, IO 3apeECTPOBaHI JAaTUMKaMM JaHi OO0'€KTUBHUX BEPTUKAIBHHUX
MPHUCKOPEHb KPOKY Ta KPEHY BUKOPHUCTOBYIOTHCS CHUIBHO 3 oOuucieHHsSMH. OTpuMaHi TakuM
YMHOM OOpOOJIeHI JaHi MOXYTh CTaTH OCHOBOIO CIIEIiaJli30BAaHOI MIATPUMKH Ta CHUCTEMH
MPUAHATTS PIIlICHb.

KurouoBi ciioBa: Oe3rneka CyIHOIUIABCTBA, MEOPEXIJIHI SAKOCTI, aHATITHYHE MOJICIIOBaHHS, OI[iHKa
CTIHKOCTI.
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Formulation of the problem in general terms and it connection with important scientific
practical tasks

The safety of the ship and cargo is associated with negative effects of the wind and waves
acting on the ship (rocking, acceleration, slamming, flooding of the deck, propeller emergence).
Reducing the impact of these phenomena during the operation of the vessel is associated with speed
reduction and/or course changes. Both of these maneuvers will result in elongation of the route and
time of shipping, which leads to the increased fuel consumption.

No single parameter can be used to define the sea keeping performance of a design. In a
competitive world, a comfortable ship will attract more passengers than a ship with a bad
reputation. A ship with less power augment in waves will be able to maintain lighter schedules or
will have a lower fuel bill. In extreme cases, the sea keeping qualities of a ship may determine its
ability to make a given voyage at all.

Good sea keeping is clearly desirable, but the difficulty lies in determining how far other
design features must, or should, be compromised to improve sea keeping. This will depend upon
each particular design, but it is essential that the designer has some means of judging the expected
performance and effect on the ship’s overall effectiveness. Theory, model experiment and ship trial
all have a part to play. Because of the random nature of sea surface in which the ship operates,
considerable use is made of the principles of statistical analysis.

Having improved the physical response characteristics of a ship in waves the overall
effectiveness of a design may be further enhanced by judicious suing of critical activities and by
fitting control devices such as anti-roll stabilizers.

As with so many other aspects of ship design a rigorous treatment of sea keeping is very
complex and a number of simplifying assumptions are usually made. For instance, the ship is
normally assumed to respond to the waves as a rigid body when assessing motions and wetness
although its true nature as an elastic body must be taken into account in a study of structure

The last achievements and publications analysis, in which the solution of the problem is
begun and selection of the unsolved aspects of the problem

In [7] a fully coupled model of nonlinear sloshing and ship motion was developed. The fully
nonlinear sloshing motion was studied using a FE method, potential flow, and the nonlinear ship
motion was simulated using a hybrid marine control system. Simulated roll motions were compared
with existing results in waves. Fair agreement indicated that the proposed model was expected to be
useful in evaluating the coupling effect. In their study, the coupling model also allowed for the
effects of wind, wave and current. It was found that the wave height can have large effects on
sloshing, whereas the current velocities caused fairly marginal effects on the ship motions.

In work [8] a numerical seakeeping-sloshing coupling analysis carried out for an 8,000 TEU
container ship with some cargo holds partially ballasted, with sea water, to simulate a full load
condition, to design draft, required in sea trials. A frequency domain model is utilized in the
hydrodynamic numerical code HydroSTAR considering high speed effect, and the analysis includes
nonlinear seakeeping, linear sloshing and finally the calculation of the coupled equations of motion.
The additional resonant frequencies, especially for the rolling motions, induced by the motion-
sloshing coupling effect are clarified and their corresponding operational scatter diagrams, for
heading direction change based on specific sea state, are provided. The results confirmed that the
induced resonant frequency will occur with full load condition and full ship speed, especially for
rolling motion, and may cause serious structural problems.

The multi-liquid moving particle semi-implicit (MPS) method developed in [9]. The
developed multi-liquid MPS method is validated by comparison with three liquid-sloshing
experiments by [10]. The interfacial natural frequencies are simulated by a free decay test using the
MPS program and the results are compared with linear potential theory. The simulated results agree
well against both experimental and theoretical values. The authors observed that the interfacial
elevations can significantly increase when the excitation frequency is close to the natural
frequencies of the respective interfaces. Subsequently the verified multi-liquid MPS program is
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coupled to a vessel motion program in time domain. From the numerical simulations, the authors
noted that the wash tank operation in head wave condition is much more robust than that in beam
wave condition. The vessel motions with the three-liquid cargo and the corresponding solid cargo
were also compared, and it was observed that the wash tank with liquid cargo can also function as a
beneficial anti-rolling device. Based on these comparisons it was concluded that the simple
approximation using equivalent rigid cargo and ignoring coupling with liquid sloshing can be
unreliable in the design stage. Since maximum vessel motions and maximum interface elevations
can be checked directly, the developed vessel motion/multi-liquid-sloshing coupled program can be
used as a reliable prediction tool for the safety and operability of a floating system with large multi-
liquid tanks.

The paper purpose formulation

In this work demonstrated the perspective of significant improvement in seakeeping qualities
prediction, provided that registered by sensors objective vertical accelerations data of pitch and roll
is used in conjunction with computations. Processed data obtained in this way can become a basis
of specialized support and decision-making system.

Presentation of basic research material substantiating scientific results

1. Ship motion and added resistance modelling

For comparison with observational data it is necessary to perform a theoretical estimation of
statistical characteristics of the behavior of the vessel. The basis for such assessments in accordance
with the accepted approach is the calculation of dispersion processes caused by the ship’s motion,
as well as assessment of vessel speed loss at various heading angles in relation to general direction
of waves.
Six motion components are considered for ship with constant speed V and arbitrary heading angle
relative to oncoming waves.

Motion components are: linear 17, — surge, 7. — sway, 15— heave; angular 7,—roll, 5 —
pitch, 175 — yaw.

Motion is presented in form:

n; =aq; cns[mst — E_J-),_j' =1,",6, (1.2
where a; —amplitude of the relevant type of motion; w, = w — “’TV cos u —frequency of encounter;

—
w = Hﬂ% g —wave frequency; A—wave length; g— gravity acceleration; =; — phase lag of motion

relative to the maximum wave profile at the origin; 1 — heading angle.

The problem is solved with the usual assumptions of the linear theory (including non-linear
roll damping) using well known strip method.

The system of six linear differential equations of motion expressed as follows:

T k= (M + Apy )i + Bty + Gy ] = Fje /9%, j = 1,06, (1.2)

where M: . — mass matrix of the vessel; A; . and B; . — added mass and damping coefficients matrix;
C; .. — restoring forces coefficients; F; — complex amplitudes of exited forces and moments;
N, N — the velocity and acceleration of each type of motion, k= 1,---,6, (point above the symbol
denotes the time differentiation); i — imaginary unit.

Mass matrix for vessel symmetric to fore and aft line has the form:
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[V 0 0 1] MzE 0 7
0 M 0 -Mz, 0 0
0 0 M 0 0 0
M. |= , 1.3
(5] 0 -Mz, 0 I, 0 —I (1.3)
Mz, 0 O 0 I. 0O
-0 0 0 —lye 0 Ig

where M—ship’s mass; I, — moment of inertia j -type; L. — centrifugal moment of inertia.
Centrifugal moment of inertia in (1.3) becomes zero if there is a symmetry with respect to
the midsection and is minor in other cases.
The matrix of added masses (or damping) has the form:

Ay 0 Ay 0 Az 0
0 A 0 ""‘24 0 A:e
A= 0 e 00 0 (1)
I 0 A, 0 A, 0 Ay )
Agy 0 Acq 0 A 0
L O A 0 Al 0 A

Non-zero are the following restoring forces coefficients:
Caz, Cus, Cgg, Cy5 = Cgg (1.5)

With regard to (1.3), (1.4) and (1.5) the system (1.2) roll equations splits into two systems.
The first - the system of differential equations of longitudinal motion:

(A +M)ijy + By + Aygij + Bygig + [‘415 + Mzg}-:flfs. + Bl = Fie_meri_
[;151 + Mzg)ﬁl + Bgyy + Assiiy + Bsafy + (Ags + I)ijs + Bsgtls + Cogns = Foe ™ e

and a system of describing transverse motion and yawing:
(Ayy + M)ijy + Bopfly + ["‘1:4 - Mzg)'-:h + Boytly + Caglly + Asellg + Bogtle = er—mer: 1.7)
[‘4:4 - Mzg)ﬁf + Bogty + (Ags + L)ijs + (Bag + Biadfe + Caany + (Agg — Lig)ig + Baghle
— F4e—iuer:
Agofiy + Beatly + (Ags — Lyg)ijs + Beatly + (Agg + Lo)ijg + Begtlg = Fg.e_imer-
Dispersion of processes were calculated by the known formula:

D = ["|a;(w.)] S;(w,)de,, (1.8)

where |ai (mE]| — module of amplitude-frequency characteristics of the process; 5;(w_) — sea waves
spectruml density; w, — frequency of encounter.

Average added resistance in irregular waves is given by:
Raw = 2 .r: Faw [mejsg[mejdme’ (1.9)

where ray = Rawl(w,) /T - the average additional resistance when driving on a regular excitement
unit with an apparent amplitude frequency w,; Z,— regular wave amplitude.
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In the present calculations, the resistance on calm water was determined by the Holtrop
method; air resistance — by Isherwood method; added resistance on a regular waves was evaluated
by Gerritsma method:

Raw = if: bz () V2 (x)dx, (1.10)

where k — wave number; b3 (%) — damping coefficient of the cross section due to vertical motion;
V.. (x) — section vertical velocity with respect to the wave profile.

2. Assessment of ships propulsion

At the first stage in determining seakeeping qualities, preliminary assessment of ship
propulsion in loaded condition in calm sea was carried out. Towing resistance within a speed range
from 1 to 20 knots was calculated by Holtrop method. Propeller trust in nominal mode of engine
within same speed range was assessed by calculations.

The calculations assumed that the hull is freshly painted, and the engine power fully
corresponds to the nameplate data.

Further calculations were performed to assess the speed loss in rough seas due to the
medium resistance and characteristics of the main engine. Speed drop determination is based on the
condition of equation between propeller thrust and medium resistance to ships motion:

T(V.)=RV,)+R, (V. v, )+ hr o (V) 2.)

where T - propeller thrust; R - towing resistance in calm sea; R . air resistance; r,, - mean

added resistance in irregular waves of the unit height (h,, =1.0 m); V, - ships speed; V, - wind

speed.
Air resistance is determined by:

1

R, :ECxpaFTVa*z’ (2.2)

where C, - air resistance coefficient; p, - air density; V. - true wind speed.
Calculations of air resistance coefficients performed by the method of Isherwood [2]. As
shown by calculations, the greatest value of C, corresponds to the angle between vectors of ships

and wind speed 30° (head wind is 0°). The greatest computational values of the coefficient C,

within the range from 0° to 40° vary from 0.55 to 0.81.

Air resistance is determined by frontal projection of the sail area and for various combinations
of wind force and wave intensity, as well as ships speed varies from an average of 3 kN on a wave
intensity 2 points to 12 KN on an intensity of 7 points, which is about 2% and 10% of resistance in
calm sea with the engine running at nominal power.

Taking into account relatively high value of sail area (ratio F, /A** Further, in these

calculations, to simplify assessment, assumed thatR, =0.1R..
Calculation results of ships added resistance when moving at regular head waves as a function
AW
paliB? L
frequency ®. =w,./L/ g . Required value of damping coefficients and added mass, as well as

kinematical characteristics were determined using the software system, consisting of a complex of
programs.

Details of calculations of motion parameters and kinematical characteristics described in
detail in the work.

In this way for given value of speed the respective wave height can be determined by formula:

of dimensionless added resistance coefficient o,, = and dimensionless encountered
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T-R-R,
ey = [ — (2.3)

rAW
For calculated wave spectrum was taken spectrum of the Il International Congress on the hull
strength and design. Calculation of speed loss at head irregular two-dimensional waves is shown in
Fig. 1.1

25,00 7 7
Av 1000 ," / g /
? *100% ' / .

20,00

15,00

10,00

5,00

0,00

-5,00
Beaufort Number
solid line — averaged heading upper dash-dot — beam seas
drop line — head seas lower dash-dot — following seas
Figure 1. Speed loss in irregular seas (full load)

Analysis of received results indicates that in the entire range of average periods from9to 9s
with wave intensity up to 6 points, speed loss occurs quite smoothly and is about 5%. At wave
intensity of more than 6 points and the average wave period more than 7 seconds, ship's speed loss
is more prominent. With the increase of the average period, the speed loss becomes less prominent,
due to below-resonant and less intensive pitching. Assessing the results of calculations of ship
propulsion under real operating conditions, it should be borne in mind that adopted mode of purely
head irregular two-dimensional waves is rather rigid and overestimates the speed drop. The fact that
the real sea waves are three-dimensional, rather than two-dimensional, also indicates an
overestimation in the calculated speed loss.

Considering above circumstances, it can be assumed that the value of the achievable speed
of the vessel in rough seas with intensity 4 - 6 points can be about 18 knots. Thus, the speed 8
knots, with an error in a safe direction, can be taken in the assessment of the characteristics of
extreme roll parameters and seakeeping characteristics - dangerous vertical acceleration, slamming,
green water effect and propeller racing.

3. Statistical seakeeping characteristics

In this work following seakeeping characteristics were assessed: probability of taken
dangerous vertical accelerations, slamming, green water and propeller racing. Under dangerous
acceleration is understood exceeding of value of vertical acceleration more than 0.4g at the forward
perpendicular. Dangerous green water refers to the water level exceeding the height of freeboard.
Slamming is a phenomenon consisting of the bottom being exposed from water in the section frame
Ne3 and its further entry into the water with speed exceeding a certain threshold value V™. Propeller
racing is exposure of the propeller blades from the water of more than 1/3 of the diameter.

Thus, above mentioned seakeeping characteristics are determined as following kinematical
characteristics: vertical accelerations — standard of vertical accelerations at forward perpendicular;
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green water — standard of relative motion at the forward perpendicular; slamming — standards of
relative motions and speed in the section frame Ne3; propeller racing — standard of relative motions
in the section on the propeller.

According to [4] limiting values provided probabilities of these effects:

vertical accelerations — 13.5% (p, =0.135);

green water ~ 7% ( Py, =0.07);
slamming ~3% (py =0.03);
propeller racing —25% (p, =0.25).

The threshold value of speed of the relative vertical motion according to the
recommendations [11]:

Vv’ =0.0928(():'6A/L , (3.2)
b

where C, — block coefficient.

In the calculations of green water the effective freeboard means geometric freeboard without
the correction for the distortion of the wave profile (a running wave). The value of the latter was
taken according to the recommendations for marine vessels / 11 /.

Assuming that roll processes amplitudes distributed by the law of Relay received the
following formulas for marginal wave heights, at which probability of respective effects is
acceptable:

- for vertical accelerations

0.49

h fp— 1
GM/ZInill p,)

where o, — standard of vertical accelerations at forward perpendicular h,, =1m;
- for green water effect

(3.2)

h= K. (3.3)

o, 2L/ p,,)

where o, — standard of relative motion at the forward perpendicular h,, =1m;
- for slamming

V2 olh+d? ] ous
h= 3 , 3.4
\ 2In(1/ p,) (3.4)

where o3, ows and d,— standard of relative motion at the forward, relative vertical speed and draft
in the section frame Ne3 withh,,, =1 m;

- for propeller racing

h it (3.5)
orw.[2InL/ p, )’ '
where H , o« — penetration of the upper edge of the blade and standard of the relative vertical

pr?

motions in the section on the propeller h,, =1m;
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The results of calculations of limiting seakeeping criteria wave heights produced by the above
dependencies, for loaded ship are shown in Table. 4.1.

Analysis of seakeeping characteristics for loaded ship demonstrates the absence of restrictions
on dangerous accelerations, green water, slamming and propeller racing at wave intensity of 6
points or higher on Beaufort Scale. The speed drop in rough seas is completely determined by its
natural decline, arising from increased resistance.
Table 4.1 Allowable wave heights for loaded ship with draft 9,36 m

Mean Heading angle, p°
period 0 | 30 | 45 | 60 | 90 | 120 | 135 | 150 | 180
T,C under marginal acceleration condition
4 22.5 18.4 15.7 13.7 11.5 11.2 11.7 12.4 13.4
5 18.7 15.6 13.4 11.6 9.3 8.6 8.6 8.8 9.1
6 17.9 15.6 13.7 12.0 9.6 8.5 8.4 8.4 8.4
7 18.7 16.8 15.2 13.5 10.8 9.4 9.1 9.0 8.9
under green water condition
4 8.98 8.94 8.87 8.72 8.23 7.77 7.63 7.55 7.48
5 7.87 8.04 8.18 8.22 7.70 6.84 6.50 6.24 6.03
6 7.89 8.22 8.55 8.81 8.36 7.10 6.58 6.19 5.88
7 8.59 9.06 9.57 10.05 9.67 7.99 7.28 6.77 6.37
under slamming condition
4 9.89 9.90 9.86 9.74 9.24 8.77 8.64 8.58 8.55
5 10.61 | 10.77 | 10.85 | 10.76 9.92 8.90 8.54 8.31 8.12
6 12.26 | 1259 | 12.85 | 12.87 | 11.73 | 10.12 9.53 9.13 8.80
7 14.64 15.16 15.62 15.76 14.31 12.06 11.22 10.64 10.18
under racing propeller condition

4 10.47 9.42 9.10 9.96 9.07 9.59 9.85 10.03 | 10.14
5 10.14 9.28 9.03 5.91 9.06 9.58 9.85 10.04 | 10.17
6 10.52 9.79 9.64 9.61 9.86 10.36 | 10.56 | 10.65 | 10.66
7 11.40 10.75 10.69 10.76 11.18 11.66 11.76 11.72 11.54
Conclusions

Performed complex assessment of the seakeeping of the observed vessel at waves intensity up
to 8 points on Beaufort scale. The calculation results demonstrates that at waves intensity up to 6
points in the entire range of average periods from 7 to 18 s, speed drop is quite smooth about 5 -
15%.

At head waves intensity of more than 6 points, and the average period more than 12 seconds,
the ship's speed drops significantly. With the increase of the average period, the speed loss becomes
less prominent, due to below-resonant and less intensive pitching.

Analysis of seakeeping characteristics for loaded ship demonstrates the absence of restrictions
on dangerous accelerations, green water, slamming and propeller racing at wave intensity up to 6
points or higher on Beaufort Scale. The speed loss in rough seas is completely determined by its
natural reduction due to resistance increase. Results of presented calculations demonstrate the
possibility of operation of the vessel with draft of 9,36 m at the wave heights of three percent
probability up to 11 m.

Based on performed observations and analytical modeling, it can be concluded that ship’s
behavior under storm conditions qualitatively agrees with the results of the executed calculations.
Seakeeping characteristics such as slamming, dangerous accelerations, green water and propeller
racing do not exceed marginal values. Calculation of speed loss, based on statistical dependences,
indicates that computational results, in general, quite agree with observed statistical characteristics.
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Computations at irregular waves demonstrate that speed loss significantly depends on actual engine
power. Present statistical dependences do not take into account this important fact.

The results of analytical modelling and its comparison with data observed, show the

perspective of significant improvement in seakeeping qualities prediction, provided that registered
by sensors objective vertical accelerations data of pitch and roll is used in conjunction with
computations. Processed data obtained in this way can become a basis of specialized support and
decision-making system.
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