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the crew boat at different wave periods (2.58 s,4.12 s, 5.67 s, and 7.22 s) and
variation of ship speeds (0 Knot, 3 knots, 6 knots, 9 knots, 12 knots, 15 knots,
and 18 knots). It used input data including the heading angle of the wave ()
which is 180° and at a wave height of 0.5 m. The numerical analysis was carried
out to determine the ship's seakeeping and compare it with NORDFORSK 1987
criteria, and also to identify the Motion Sickness Incidence (MSI) of the crews
on board. Based on the results obtained, the seakeeping value of the ship
accepted the criteria of NORDFORSK 1987 up to a speed of 9 knots, starting at
a speed of 12 knots it does not accept the criteria. As for the operability, the
comfort level of the crew while on board has an MSI index of 0% for 0 Knot,
Keywords: . . .
CFD; Crew Boat; Numerical Analysis; and an MSI index for 18 knots is 4.46% of the total crew of the ship namely
Seakeeping; MSI only 1 person from 25 persons will likely feel sea sickness.

1. Introduction

Crew boats are very important in the shipping industry because they are a means of connecting
onshore and offshore installations such as drilling activities, or port destinations that serve hundreds
of ships at once [1]. Crew boats require only small construction or minor modifications on the
platform, so this crew boat is used to move a team of workers with their equipment [2]. As one of
the types of fast boats, it is necessary to pay attention to the level of comfort and safety of the
passengers.

Today, ship safety is a top priority in the maritime industry [3, 4]. In general, the ship serves as a
means of transportation for transporting goods or passengers. As a form of floating media, the ship
will experience movement caused by internal factors due to the ship itself or external factors such as
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sea waves. High sea waves accompanied by extreme and rapidly changing weather conditions can
cause discomfort and may further threaten the safety of the soul at sea [5]. Therefore, in designing
a ship, one aspect that needs to be considered is the safety and comfort of the crew on board. It is
thus necessary to develop a ship design, such that during its operational activities it can provide
optimal seakeeping so that the comfort and safety of the passengers and crew of the ship are
maintained. The design of crew boats is a complex process that requires careful consideration of
various factors to ensure their efficiency, safety, and performance. This article delves into the key
aspects involved in the designing of crew boats, highlighting the balance between functionality and
performance [6]. The effect on the comfort of the ship's crew is commonly assessed using Motion
Sickness Incidence calculations (MSI) [7, 8].

Seakeeping is one of the hydrodynamic applications caused by the interaction between the fluid
and the floating object [9, 10]. Ocean conditions at certain times can cause ship movements to
endanger crew and passengers. Accurate prediction of the hydrodynamic behaviour of the ship's
motion is very important to estimate the ship's ability to survive in hazardous conditions [11]. Motion
sickness generally indicates discomfort in a moving environment, having the peak of different
associated symptoms in vomiting. The response of the crew boat due to wave loads is assessed using
Ansys Agwa software. Ansys Aqwa uses the 3-dimensional radiation diffraction theory to solve the
problem of seakeeping, where in this method the surface of the hull floating structures are divided
into panels called a mesh [12].

Although motions and comfort has been investigated for ferries [13] and high speed passenger
craft [14], the size and hull form of modern crew boats differs from these vessel types and the effect
of their motions on the comfort and safety of passengers has not been investigated. In this study, the
ship data used refers to the crew boat type KCT-1901. Furthermore, with the main size of the crew
boat, the ship's seakeeping analysis was carried out with variations in the wave period at rest and
operational conditions. The seakeeping conditions analyzed are heaving and pitching motions. The
seakeeping performance of a passenger ship can be defined in terms of the average fraction of time
that the actual motions and accelerations are below specified levels (habitability) [15]. An
improvement in habitability will obviously improve the well-being and safety of both the passengers
and crew on board. The approach taken in this research is a numerical study to determine the ship's
seakeeping which is compared to the NORDFORSK 1987 criteria. The results of the study of ship
movement will later be used as material for analyzing the effect on the comfort of the ship's crew by
using Motion Sickness Incidence calculations (MSI) [7, 16].

2. Methodology
Numerical studies were conducted using the Computational Fluid Dynamic (CFD) method in Ansys

Agwa to determine the seakeeping of the crew boat. The main dimensions of the ship are shown in
the Table 1 and the lines plan is shown in Figure 1.
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Table 1

Main dimension of crew boat
Parameter Boat Unit
Length Over All (LOA) 17.800 m
Length of Waterline (LWL) 16.830 m
Breadth(B) 4.500 m
Draft(T) 0.950 m
Displacement (A) 36.430 ton
Block Coefficient (Cg) 0.508
Wetted Surface Area (WSA) 75.400 m?
Longitudinal Center of Buoyancy (LCB) 6.748 m
Longitudinal Center of Floatation (LCF) 7.110 m
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Fig. 1. Lines plan of crew boat type KCT-1901

2.1 Sea Condition

The sailing route from the crew boat is in the Senipah Harbour area, East Kalimantan as shown
in Figure 2. Based on (BMKG) the height of sea waves in the operational waters of the ship is 0.5 m
average in six months of 2022 [17], shown inThe distance from the port to Senipah Harbour Area is
about 150 miles Meteorological, Climatological and Geophysical Agency (BMKG) shown in Figure 3.
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Fig. 2. Wave condition on Senipah Port area [17]
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Fig. 3. Sailing distance of crew boat’s [4]

2.2 Numerical Simulation

Numerical simulation is conducted using the Ansys Aqwa software. A three-dimensional (3D)
model of the ship in Figure 4 is first made with Maxsurf Modeller software, then a comparison of the
hydrostatic data between the 3D model and the full-scale ship is shown in Table 2. To ensure that the
ship model is accurate, the index of difference in all parameters is less than 2% [13].

Fig. 4. 3D model of crew boat type KCT 1901

Table 2

Comparison of the hydrostatic data between the 3D model and the full-scale
Parameter Boat 3D model Unit Difference (%)
Length Over All (LOA) 17.800 17.800 m 0.000
Length of Waterline ( LWL) 16.830 16.808 m 0.131
Breadth (8) 4.500 4.500 m 0.000
Draft (n 0.950 0.950 m 0.000
Displacement () 36.430 36.060 ton 1.016
Block Coefficient (Ca) 0.508 0.506 0.394
Wetted Surface Area (WSA) 75.400 75.225 m? 0.232
Longitudinal Center of Buoyancy (LCB) 6.748 6.768 m -0.296
Longitudinal Center of Floatation (LCF) 7.110 7.106 m 0.056

The technique used in the Ansys Agwa software is the panel method, also known as the Boundary
Element Method (BEM) [12, 18]. The panel method divides the surface of the ship into several
elements. The details panel provides with options for setting up the sea geometry's Water Level,
Water Depth, and size (Water Size X, Water Size Y). Figure 5 represents the computational domain
with the sizes used, namely: X =178 m (10 LOA), Y =75.7 m (4 LOA), and Z = 53.4 m (3 LOA).
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Fig. 5. Computational domain used in CFD software

Simulations were carried out to determine the motion of the ship at different operational
speeds, so that several variations of the data were made as shown in Table 3. ITTC recommends [8]
the radii of gyration measures as shown in Table 4.

Table 3
Variation of CFD simulation condition with Ansys Agwa software
Velocity (knots)

Parameter

0 3 6 9 12 15 18
Draft (m) 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Period (s) 2.58 2.58 2.58 2.58 2.58 2.58 2.58
Amplitude (m) 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Heading angle (deg) 180 180 180 180 180 180 180
Table 4
Ship’s Radii of Gyration
Component Formula Value (m)
Kxx 0.34xB 1.53
Kyy 0.25 x LOA 4.45
Kz, 0.25 x LOA 4.45

2.3 Calculation of Wave Condition

Wave conditions in Indonesian waters can be represented using the Joint North Sea Wave Project
(JONSWAP) spectra [16, 19]. The JONSWAP spectra contain the parameters of the wave
characteristics of closed or archipelagic waters, with the following in Eq. (1) [16, 19].

Sjz(w,) = 0.658CSpz(w,) (1)

Where the Jonswap Spectrum is denoted by Sj;(w,), Bretschneider Spectrum Sg¢(w,), and C for
coefficient factor.

For a vessel sailing with a speed (Vs) and a heading angle (i), the encounter wave frequency (we)
is given in Eq. (2) [16].

Wy V

We = Wy (1 — cos u) (2)
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Where Encounter Frequency is symbolized with we wave frequency by ww, ship speed with V,
gravitation acceleration with g, and heading angle with p.

Furthermore, the wave spectral density as a function of the encounter wave frequency we is given
as follows in Eq. (3) [16].

1
3
1- (2ngV> cos 3)

S(we) = S(wy,)

Where encounter spectrum is symbolized with S(w.), wave spectrum with S(ww), wave frequency
with ww, and encounter frequency with we.

2.4 Response Amplitude Operator (RAO)
Response Amplitude Operator (RAO) is a dynamic motion function of a structure caused by

waves with a certain frequency range. RAO is a tool for transferring wave force into a response to the
dynamic motion of the structure in Eq. (4) [14].

(4)

Where x,(w,) is the amplitude of Motion and p, (w,) is the amplitude of wave.

2.5 Calculation of Response Spectra

The calculation of the response spectrum is done by entering the Response Amplitude Operator
(RAQ) parameter and the wave spectrum as follows in Eq.(5) [16].

S(r(we) = [RAO(we)]ZSZ(we) (5)

Where S¢.(w,) is response spectrum, RAO(w,) is a transfer function, and S; (w,): wave spectrum
its mean wave spectrum.

From the CFD test using regular waves, a bow motion will be formed. The spectral density value
of the relative bow motion can be calculated by the following formula in Eq. (6) [16].

il
Ss(w.) =S, +7—So = S (6)
W

Where the symbol spectral density value of the relative bow motion is Ss(w,), S; is a spectra density
response spectrum for heave, Sy is a spectra density response spectrum for pitch, S¢is spectra density
wave spectrum, L is a distance from CG point of ship, and Ly is wave length.

Based on the spectral density value of the relative bow motion, it can be derived to obtain the
vertical velocity and vertical acceleration spectra values with the following formula in Eqg. (7) and Eq.
(8) [16].

Sv(we) = wezsir((’)e) (7)
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Sa(we) = we4SZr(we) (8)

Where S, is vertical velocity and S, is vertical acceleration as response statistics. Then, the rms and
significant amplitude of the responses are calculated as a one of criteria on seakeeping based on

NORDFORSK 1987. The rms value is calculated as ,/m,, and the significant amplitude as 2,/m,,, where
mn is the area under the spectra curve.

2.6 Calculation of Slamming Probability and Deck Wetness Probability
In calculating the magnitude of bottom slamming, it must take into account the probability of
the vertical motion of the bow being relatively larger than the water level at the bow (Z,>Ty) and the

probability of the relative vertical speed of the bow being greater than the threshold speed for
slamming as follows in Eq. (8) [3, 16].

(9)

To?  Vir
P.(Zpy > Ty and Vi > Vi) = exp | — e 7m
0s 2s

Where the formula to Calculation of Slamming and Deck Wetness Probability is P;, Zy is a relative
vertical movement of the bow Vy is relative velocity of bow, Vi, is threshold velocity, Ty is bow draft,
my; is a spectrum area for response relative bow motion, and m,g is a spectrum area for response
relative bow velocity.

In extreme weather such as hurricanes, the waves and ship motion can become so large that
water can enter the deck. This problem is known as deck wetness or green water loading. The
probability of deck wetness or green water is calculated as follows in Eq. (9) [3].

P{s > (1)} = e~ /2mo (10)

Where The probability of deck wetness or green water can calculated by this formula P{s > f'(1)}, f
as effective freeboard, and m,, as area under response spectrum.

2.7 Motion Sickness Incidence (MSl)

Motion Sickness Incidence (MSI) is a standard method for estimating the discomfort and
vomiting caused by various conditions of motion on ships. To determine the motion sickness
experienced by passengers or crew as a result of random motion responses on board is a difficult
problem [20]. This is because each individual has a different vulnerability to ship motion. The
following is the MSI formula approach as a quantitative formula for the number of passengers
experiencing seasickness which is expressed in percent as follows in Eq. (10) and Eq. (11) [7, 16].

a
log10 =" — Umsi

g
MSI = 100 0.5 + erf 11
+er 0a (11)
2
m
imst = —0.819 + 2.32 |logy, m—“ (12)

2
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Motion Sickness Incidence (MSI) is a standard method for estimating the discomfort and vomiting
caused by various conditions of motion on ships, erf as error function, av as a average vertical
acceleration one spot, Kvsi as a MSI parameter, ma as area under curve of vertical acceleration, m;
as an area under curve of vertical velocity.

3. Results and Discussion
3.1 Comparison between Analysis Numeric and Experiment

The validation of the results of numerical analysis with this experiment was carried out by
comparing the elevation graphs of the heave movement and the ship's pitch. Experimental activities
were carried out at 2 (two) variations of ship speed, namely 3 knots and 6 knots. In this experimental
activity also uses several variations of the wave period including 4.12 s, 5.67 s, and 7.22 seconds.

The elevation graphs for heave motion, comparing the results from CFD simulations and
experimental data, are presented in Figure 6. It can be observed that both graphs exhibit a similar
trendline. However, in the experimental results, there are certain points where values cause the
graph to deviate slightly, as seen at 8.13 seconds and 41.91 seconds. Between the time interval of 10
seconds to 25 seconds, both graphs closely align with each other, but beyond that, they exhibit
different phases. The amplitude of heave elevation from the CFD simulation is 0.25 meters, while the
experimental data yields an amplitude of 0.26 meters. Consequently, the percentage deviation
resulting from the difference between these two amplitude values is 4.48%. Since the obtained
deviation is less than 5%.

HEAVE ELEVATION

0.4 = CFD Simulation
. Experiment Result
E
- 0.2
2
=
©
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9
T
0.4 Times (s)

Fig. 6. Comparison heave elevation between CFD and experiment

In Figure 7, the elevation graphs for pitch motion between the CFD simulation results and
experimental data are displayed. It is evident that both graphs follow the same trendline, and the
experimental testing has produced consistent results without any points causing significant
deviations. For the pitch elevation graph generated from the CFD simulation, the average amplitude
value is 1.60 degrees. On the other hand, the pitch elevation graph obtained from the experiment
has an average amplitude value of 1.75 degrees. From these two average amplitude values, it can be
determined that the percentage deviation resulting from the difference between them is 8.17%. This
value is relatively large, exceeding the 5%.
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Fig. 7. Comparison heave elevation between CFD and experiment

3.2 Response Amplitude Operator (RAO)

The CFD (Computational Fluid Dynamics) software assists in analyzing seakeeping. The initial
data input includes variations in speed and wave period. The obtained results include Response
Amplitude Operator (RAO) graphs and graphs of heave and pitch motion elevations of the ship. The
result analysis using CFD in shown in Figure 8. Figure 8a shows motion amplitude with the highest
amplitude motion shows in red colour in stern area and Figure 8b shows wave surface elevation with
highest value of wave amplitude shows in red colour in stern area.

2000 6000

(a) (b)

Fig. 8. Motions results in CFD (a) Motion amplitude (b) Wave surface elevation

RAO (Response Amplitude Operator) for two degrees of freedom, with heaving and pitching
obtained separately [21]. In Computational Fluid Dynamics (CFD) simulations can obtain Response
Amplitude Operator (RAO) data for various types of vessel motions and wave angle of 180° (head
seas) and a wave height of 0.5 m (sea state 2). The waves are only coming from one direction, thus
the motions are uncoupled. This analysis was carried out with variations of speed Vs, are: 0 knot, 3
knots, 6 knots, 9 knots, 12 knots, 15 knots, and 18 knots.

Figure 9 shows the RAO of the ship's heave motion. The graph shows the relationship between
wave frequency and RAO in heave motion at speed variations of 0,3,6,9,12,15 and 18 knots
respectively. At 0 knot speed the highest peak value is at a wave frequency of 0.05 rad/s with a RAO
value of 1.000 m/m. At a speed of 3 knot the highest peak value is at a wave frequency of 0.555 rad/s
with a RAO value of 1.002 m/m. At a speed of 6 knots the highest peak value is at a wave frequency
of 0.692 rad/s with a RAO value of 1.035 m/m. At a speed of 9 knots the highest peak value is at a
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wave frequency of 0.555 rad/s with a RAO value of 1.086 m/m. At a speed of 12 knots the peak value
is at a wave frequency of 1.426 rad/s with a RAO value of 1.20 m/m. At a speed of 15 knots the peak
value is at a wave frequency of 1.38 rad/s with a RAO value of 1.43 m/m. At a speed of 18 knots the
peak value is at a wave frequency of 1.334 rad/s with a RAO value of 1.67 m/m. In areas with low
frequencies (close to 0) the value for all speed variations is close to 1 m/m, this is because the heaving
amplitude of the ship has a value that is relatively similar to the wave amplitude due to the large
wavelength so that the ship moves to follow wave elevation. The graph peaks relatively increase
along with the increase in ship speed [22, 23]. The highest peak occurred at a speed of 18 knots with
avalue of 1.671 m/m.

1.8
16 ——Vs =0 knot
a ——Vs =3 knot

14 ¢ Vs = 6 knot
31.2 L ——Vs =9 knot
% 1| Vs = 12 knot
P Vs = 15 knot
208 t
I % ——Vs = 18 knot
91: 06 |
o

04 |

0.2

o

0 0.2 04 06 038 1 1.2 14 16 18 2 22 24
Wave Frequency (w,,) [rad/s]

Fig. 9. Heave RAO with heading angle 180° and wave height 0.5m

Similar to the heave motion, the RAO value of the ship's pitch motion at each speeds as shown
by Figure 10 has a peak value that is greater in conditions of increasing ship speed [23]. The highest
peak occurred at a speed of 18 knots with a value of 20.752 °/m. At a ship speed 0,3,6,9,12,15, and
18 knots the peak point of the graph is shown at wave frequency respectively 1.655 rad/s; 1.610
rad/s; 1.610 rad/s; 1.517 rad/s, 1.472 rad/s, 1.380 rad/s, 1.334 rad/s, with the RAO value of each
speeds showing successively 10.922 °/m, 13.620 °/m, 14.812 °/m, 16.200 °/m, 17.657 °/m, 19.150
°/m, and 20,752 °/m.

10
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Fig. 10. Pitch RAO with heading angle 180° and wave height 0.5m

3.3 Seakeeping Analysis

The results of the response characteristics will be compared with the seakeeping criteria
according to NORDFORSK, 1987 for the type of fast small craft where the criteria use the parameters
of the RMS vertical acceleration value at the forward perpendicular (FP) and deck reference points,
probability deck wetness, and probability slamming. The seakeeping criteria for fast small ships
according to NORDFORSK, 1987 [12] can be seen in Table 5.

Table 5

Seakeeping criteria for small fast vessel according to NORDFORSK 1987
Description Max criteria

RMS of vertical acceleration at FP 0.65¢g

RMS of vertical acceleration at Bridge 0.275¢g

Probability of slamming 0.03g

Probability of deck wetness 0.05g

The analysis is carried out by calculating the response characteristics of the ship's motion at a
wave height of 0.5 m (sea state 2) when the ship is at zero speed (0 knot) and operational conditions
(3 knots, 6 knots, 9 knots, 12 knots, 15 knots and 18 knots).

Table 6 shows standard for maximum criteria according to NORDFORSK 1987 at each speed.
Vertical acceleration at 0 knot until 9 knots are still acceptable by standard but 12 knots is not
acceptable. Slamming will acceptable from 0 knot and 3 knots. Probability slamming only acceptable
only at small speed. Probability of deck wetness is acceptable for at each speed. For all NORDFORSK
criteria will acceptable at small speed

According to the analysis that has been done in Table 6 - 8, it can be concluded that the ship is
only able to sail safely at a speed of 0 Knot to 9 knots. Starting at a speed of 12 knots, the ship does
not meet the seakeeping criteria according to NORDFORSK, 1987 [24, 25], in particular slamming
criteria are exceeded for speeds over 6 knots.

11
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Table 6

Comparison of crew boat’s seakeeping response at 0-12 knots speed with seakeeping criteria according to
NORDFORSK 1987

Description ::vrliat)e(ria znot Status inot Status ﬁnot Status inot Status if\ot Status
RMS of 0.65¢g 1.015 OK 2.147 OK 3.353 OK 4575 OK 5.820 OK
vertical
acceleration
at FP
RMS of 0.275g 0.740 OK 1.221 OK 1.799 OK 2.625 OK 3.483 NO
vertical
acceleration
at bridge
Probability of 0.03 g 0.080 OK 0.197 OK 0.312 NO 0.380 NO 0.424 NO
slamming
Probability of 0.05g 0.000 OK 0.003 OK 0.016 OK 0.033 0K 0.048 OK
deck wetness

Table 7

Comparison of crew boat’s seakeeping response at 15 knots speed with seakeeping
criteria according to NORDFORSK 1987

Description Max criteria 15 knot Status
RMS of vertical acceleration at FP 6.377 7.148 NO
RMS of vertical acceleration at Bridge 2.707 3.740 NO
Probability of slamming 0.294 0.385 NO
Probability of deck wetness 0.491 0.060 OK
Table 8

Comparison of crew boat’s seakeeping response at 18 knots speed with seakeeping
criteria according to NORDFORSK 1987

Description Max criteria 18 knot Status
RMS of vertical acceleration at FP 6.377 8.521 NO
RMS of vertical acceleration at bridge 2.707 4.592 NO
Probability of slamming 0.294 0.410 NO
Probability of deck wetness 0.491 0.069 OK

3.4 Motion Sickness Incidence

The CFD (Computational Fluid Dynamics) software assists in analyzing seakeeping. The initial
data input includes variations in speed and wave period. General equations from RAO use Eq. (4).
CFD provides results in the amplitude of motion, the amplitude of wave added to CFD. The obtained
CFD results include Response Amplitude Operator (RAQ) graphs of heave and pitch motions. RAO is
utilized to transform wave spectra into response spectra using Eq. (5). The response spectra can be
used to determine bow motion values using Eq. (6), then vertical velocity spectra and vertical
acceleration spectra can be derived using Eq. (7)-(8). This allows for the determination of the root
mean square (rms) value by calculating the response moment that represents the area under the
spectra curve, my and ms are represented the area under vertical velocity spectra and vertical
acceleration spectra, regarding the seakeeping criteria for the ship, where the NORDFORSK 1987
criteria are applied. This assessment aims to determine up to what speed conditions the ship can
safely navigate.

12
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Based on the seakeeping response of the ship, the Motion Sickness Incidence (MSI) is calculated
using Eq. (10). This MSI formula requires several input parameters, such as uMSlI, gravitational
acceleration at 9.81 m/s?, moment of vertical velocity (mz) and moment of vertical acceleration (ma)
of the ship. The formula also involves the correction factor for the error function, erf(x). The
calculation of the MSI formula as in Eq. (11) [20] requires several input parameters such as s, the
acceleration of gravity of 9.81 m/s?, and the vertical acceleration of the ship. From this formula, the
error factor erf (x) is also corrected. Obtained values as shown in Table 9.

Table 9
Result of Motion Sickness Incidence (MSI) on crew

Motion Sickness Incidence

Speed (Vs) [Knot] M| (M) [%]
0 -0.309 0.000
3 -0.583 0.000
6 -0.494 0.000
9 -0.422 0.200
12 -0.363 0.707
15 -0.328 1.756
18 -0.254 4.460

It can be seen that at a speed of 0 knot to 6 knots, it does not indicate any crew experiencing sea
sickness because the MSI index shows a value of 0%. At a speed of 9 knots to 12 knots, the MSI index
shows a value below 1% from 25 persons is 0.25, this shows the percentage of the number of ship
crew experiencing relatively small sea sickness after 2 hours journey. And at a speed of 15 knots, the
MSI index shows 1.76% of the ship's crew experiencing seasickness. And at the highest speed of 18
knots, the highest MSI index value is 4.46% from 25 persons is 0.8, this is hence only one person is
likely to experience seasickness.

4. Conclusions

Based on the results of the analysis that has been carried out in CFD. CFD simulation is one of
the tools that can be used to analyze the ship's RAO. Response Amplitude Operator (RAQ) is a
dynamic motion function of a structure caused by waves with a certain frequency range. RAO is a
tool for transferring wave force into a response to the dynamic motion of the structure. CFD provides
graphs of RAO for heave and pitch motions at speed variations of 0 knot to 18 knots, the highest peak
values were obtained. Furthermore, sequentially for the value of the highest peak of heave motions
are 1.00 m/m, 1.002 m/m, 1.035 m/m, 1.086 m/m, 1.20 m/m, 1.43 m/m, 1.67 m/m, and for pitch
motions are 10.922 °/m, 13.620 °/m, 14.812 °/m, 16.200 °/m, 17.657 °/m, 19.150 °/m, and 20,752
°/m. As the velocity of the vessel increases, the peak of Response Amplitude Operator (RAO) values
also exhibit a proportional increase.

The seakeeping characteristics for a ship in a stationary condition will result in maximum heaving
motion when the ship is subjected to waves with a period of 7.22 seconds and a wave height of 0.5
meters, with a heading angle of 180 degrees. Meanwhile, the maximum pitching motion occurs when
the ship is exposed to waves with a period of 4.12 seconds and a wave height of 0.5 meters, also at
a heading angle of 180 degrees.

It was found that the ship was only able to operate up to a speed of 9 knots based on the
NORDFORSK 1987 seakeeping criteria. In addition, according to the MSI formula which estimates the
number of crew experiencing seasickness, it was found that at a speed of 0 knot to 6 knots there
were no ship crews experiencing seasickness, but at the highest speed of 18 knots, the result of MSI

13
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index was 4.46% of the total crew of the ship experienced seasickness, namely only 1 person from 25
persons will likely feel sea sickness.
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