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Abstract : The International Maritime Organization adopted the interim standards for ship maneuverability in November 1993 for preventing
collision of ships at sea and for protecting the marine environment, and based on the accumulated data, in December 2002, the established standards
for ship maneuverability were adopted. However, the standards adopted are those at full load, even keel, and at least 90 % of the ship speed at 85 %
of the ship's maximum power. Moreover, these standards have limitations in providing information on maneuverability under actual navigational
conditions. Therefore, in this study, frequency analysis AHP analysis techniques were studied by consulting navigational officers, captains, and experts,
who have significant knowledge on ship maneuverability, utilization of the current standards, and the information necessary for the operation of the
actual ship. The results of this study confirmed that the necessary information on maneuverability for the navigational officer operating the vessel is
information about the turning circle at a small angle of 5° - 10° and z-test information at maneuvering speed, not sea speed. Additionally, in relation
to speed control, additional information on deceleration inertia and acceleration inertia is needed than the information on the stopping ability at sea
speed and full loaded condition. The derived results are considered to be useful as basic data for preparing guidelines for ship maneuverability

necessary for navigational officers who operate ships.
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Fig. 1. Marine accident statistics.
(Source: https://www.kmst.go.kr/ modified by author)
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F92 Y& Table 13 7} 7 (Tactical diameter)®] =718 741 #sity, 2714374
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Table 1. Main contents of standards for ship maneuvrability & w7l dube] o] Fdt AR HEksict,

A4 AR L BEA TS 1097100 2 20°20° Zig-zag test
2 A &stal, ol =A% A4 7 %7} (Overshoot angle, ©]3}
- ShlpS of all rudder and propulsion types, of OA)% 7};(] o:] ]}\1 10°/10°= 1009] E}% }\]__g_é—],

100 m in length and over

Contents

Application: oy vical tankers and gas carriers regardless o = g > -
of the length 5l 0AE HAsts A& oulshH, 200200 EH 2005 AHS
5 200\{1}__% }?j/\7]—o t\ﬂ;fsu.g_ lﬂ— E} 20°¢8] *%E =5 = R R
- Test speed: a speed of at least 90 % of the ;]—oi - ZX;_L ]74 OMoa;q; ot ] RS
ship’s speed corresponding to 85% of the T 5 0AZ F4shs 2& ofmdl.
Test maximum engine output npA o 2 AR TS HAE AvEdA 7)3hs A&
Condition - Deep, unrestricted water F5k0] o|w] =4¥ &2 (Track reach) 7}4| 1 Fergict.
- Calm environment
- Full load. .(summer load line draught), even 22 IMO MUFEEA 7|Z0| AD =SAF S
keel condition
A vkel o] 20021 AEE IMO ARFRFA 7ES
- Tuming ability(Turning circle): not exceeding Auro]l AZGA A MubxFo| Q3 HAEe] 2EA
4.5.L of ad.vance, .f..OL Z;)f Tactical dian.qeﬁerh 58 Z2EZIEE o, 715 A3A 1 58S W335
| g aVemg o WS st Ao £g8 B Aol 2 9ut gl
application of 10° rudder angle not exceeding N _ g - R . "
2.5L of travelling distance by the time the SHARE @ A3 o] HAE 242 Table 19 o] WAl
10° heading change from the original heading g, 5&5 2 335 (0]3), sea speed) 2.2 & 7ol 7]k
- Yaw-checking and course-keeping abilities S 5 AuzEAS AE A4 Aulke] ks A A
(lg-zag test) sfol Abgshe W @AF AT
= The first overshoot angle in the 10°/10 _ _
zig-zag testV ¢ o & 5ol e A 9 WAL TS 913 Zigzag test=
1) 10° if L/V is less than 10 s; Wz Huks AAE o) 0AS U3, Aute] FHS 9
2) 20° if L/V is 30 s or more; and W EF AR A S AT o AFEFTE sHARE B A3 9
Criteria 3) (6 + 1ALN)) degrees i LV is 105 Agogel Fojdaduse 0% 4% A9delL, s
or more, but less than 30.s, speedol 4] 10°, 20°59) T)ZHE B2 ALE ko] WA s AL A
= The second overshoot angle in the 10°/10 e - ora
Zlg-zag test %:lvé_ O X] JE 7/‘_10] OE]E]_]_—Z‘_‘IO]E]' ]
1) .1 25°, if L/V is less than 10 s; 5 Aol A A3 ZRe fg FEEE S
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DU 0TV LV IS 105 Aggonn A geed dvkg asd ) A @
or more, but less than S. _ , ] _
’ el 2= 9l 2AZ A FZET) shAuk Ax MEke zAqE
* The first overshoot angle in the 20°/20 =T 1 ﬂvo o sk A N =
zig-7ag test ) sea speed AElONA HUlHAEFZFo 2 Hubs 37T A §-
1) Not exceeding of 25° T =53, A4 FeAES A3l AR A i g
- Stopping ability(Crash astem test): track 3 A3 0k, A A (Reach) 59 ARE & o &8ss A
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R | .
. . <ol "
in case of ships of large displacement) £ Q0] e 50 Be ATE Muro] sea speed
Source: Resolution MSC.137(76) / summarized by author Ao A 73S GRAA AT u g EEojA FEEE
ol skebn wheEs, aabge] Huhg 2HY W Al
d A3 Agde fF Al AvEebda st g ATl e ARe AEEE, ZFESEE, A EY
hzgibd R AE3 ALl dolsk 100m o]l Aut Foletm Abmg
ojtt, 8 HIAE &5 472 AMute] Ms|Ale, 274 Kang et al.(2021)3} Kang and Lee(2022)= 212+ 12] <9
A5, A58 AX 2 BT GHAFTeR FREY. A At AFHE Al AI(Result of Sea trial) %
HE s Al AeEs)e AHgdte] Huke #9E  Mancuvering booklet®] HRIF A ekl Bad Yu
247} 360° A 34 A S49 3] A7 (Advance) B 3] E AlEskE Hl FATE S-S AA SR ST
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Fig. 3. Result of survey on identification of needs for turning

circle information (Sea speed, Full load, even keel,

rudder 10°).
U s o2 st FRATAT D Al A 2
83 MarxFAdT R g Y= 23 9 oF2 Table

Table 3. Summary of Frequency Analysis Results

Frequency analysis

- Level 2 or higher license holder: 96.1 %
- lst officer or above: 68.9 %

inlt)"zirsl?ant?(l)n - More than 5 years of experience on board:
62.14%
- Type of vessel: 10 types
- In most cases, only test results of IMO ship
manoeuvrability standards are provided
Current e . .
satus of Current stat.u.s of providing information on ship
. manoeuvrability other than IMO standards for
ship . ship manoeuvrability
Ipaneuvepng Negative answer for turning circle: 42.7 %
information
. ~96.1%
provlllc.ied o Negative answer for zig-zag test: 53.3 %~
SipS 95.1 %
= Negative answer for inertia: 44.6 %~ 95.1 %
- High frequency for turning circle
= Sea speed, full load, even keel, rudder 35°
1 903 %
= Sea speed, full load, even keel, rudder 5° ~
10° : 83.4~84.4%
Necessary = Sea speed, ballast, rudder 5°~10° : 82.5~
ship 84.4 %
maneuvering - High frequency for zig-zag test

information =  Maneuvering half ahead, full load (ballast)
for 1 96.1~98.1%
navigational = Maneuvering slow ahead, full load (ballast)
officer 1 94.2~96.1 %
- High frequency for inertia
= Accelerating inertia, full load (ballast)
96.1 ~98.1 %
= Decelerating inertia, full load (ballast)
952~97.1%

AHAFHS| #3 A3E FHEE IMO
ZlEol et i oo AA| Mube] g 79
A, zigzag, EFEol t§ AR} AlTEHA =
9l gtol 7MY Al 96.1%7H4) ZAbsIo] A

Foll Bag AtxFAHe JrAgo] e vE Jow
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<
it
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ofN
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o
ols
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e
8
g.
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g
=2,
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N,
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4 nl

= ARE, AA duke] 4 A8 Thed ol A

3.3 AHP 2448 9I8t 47
AHPE-A] & Saatyoll ol3te] 7ael 417

AZT2E THHL Qe 84709

B3tel el A4, 49 2

bubel oAby Btk AHPE ol £9] ¥, ¥

A8 A 2 W8 olge SR oY oAt

tlo

(I T D S )
o ox rf it 1o
ols

Fofol A &85 o] $rh(Choe et al., 2003; Cho, 2007).
AHP#A] A= AR HE Fie] AA F7FedlEe
ASsh, 24 B7FeclE ] ZAdvas g AoE 7t
2 F4, AA Bk g =84 dad HE, 9A
TFEAE T8 37 S 2 (Song, 2004; Kim and Shim, 2018),
2 Aol Agshd ok Zh

() HF 79 4R B718A59 AT LA
AP} datzEe sted Bew gudl gE Avst 91
AAe AF BEE o] Fig 49 o] M)A, A4,
4 5 VAR ASSART 1 sk R AL [y~ [
&=, AT fa~Txn 8=, WA= Jn~Sno 105

o7 AT

oe}

Table 4. 9-point scale paired comparing questionnaire

«— | —

Very important Very important
9 ® 0 ® 6@ DR ® G ® ®®®

9/8/7|6/5/4]3|2

—_

1/21/311/41/51/6 1/7/1/8 1/9

@ BLAE 1Y AR E FTE AU AER 3
A: B7haQE o] goung st WA FAAF
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AHP &

A 7eE Fefjab F

‘ Ship maneuvering performance needs identification ‘

‘ Tuming circle ‘ ‘

Zig-7ag

‘ ‘ Inertia ‘

\
| fru: Full load, EV., rudder 35° || fa

Sea speed, Full load, E.V. |

\
| fn: CA, Full load, Sea speed, EV. |

| /1 Ballast, rudder 35° || /2 Sea speed, Ballast || /o CA Ballast, Sea speed |
\ \

|/t Full load, E.V., rudder 20° || /5 Slow ahead, Full load, E.V. || /i Driving L, Full load, Sea speed, EV. |
\ \

| fru: Ballast, rudder 20° || fa: Slow ahead, Ballast || fu: Driving L, Ballast, Sea speed |

| /1t Full load, E.V., rudder 10° |

Sz

Half ahead, Full load, E.V. \

Stopping 1., Full load, E.V. |

| /v Ballast, rudder 10° =

Half ahead, Ballast

L5
Stopping 1., Ballast ‘

‘ ‘ I ‘

| /17 Full load, EV., rudder 5° |

‘ I

M.F.A., Full load, EV.

‘ ‘ St Acceleration I, Full load, EV. ‘

‘ Jrs: Ballast, rudder 5° ‘

| /» M.FA., Ballast |

‘ St Acceleration 1., Ballast ‘

Note) - Turning circle information is based on sea speed
- Zig-zag information is on 10%10° & 20°/20°

- Abbreviations are as follows

‘ Jm: Deceleration L, Full load, E.V. ‘
\

‘ Jno: Deceleration 1., Ballast ‘

e EV.: Even Keel, MF.A.: Maneuvering Full Ahead, C.A.: Crash Astern, I: Inertia

Fig. 4. Hierarchical structure diagram for identification of ship maneuvering performance.

A3, A e 385 e aE Aldgskela,

T AR AT A3Ae] g3E e, A LAl 1] 8

718, ¥4 108578 22 Aouag Al geeict.

H7HH 2= Saaty7} ASHEE 9% t

T2 (Saaty, 1980), Table 49} 7Fo] &5 Hp= %‘%é?&ii

HlaL g5 b FQ =7 7Y vk ddE W 9 S Fo
3

s, 12 s F FAE7F $UTS onlgint
1 Q9 ... Q1
a21 1 .« ., CLQ"
Ay Qpo .. .1

Fig. 5. Comparison matrix.

V73S F-odskes Aot

frast AE 54 30 iste] ojef e WHoR
a7 Rol® H4E Fig 594 @o] njugdz &
oy, 24 Fo JHE

o] Hth

) B7te @ =g 4B AF: SEAe] HRlel
st dayd A3 A A E(Consistency Index, ©]3} CI)
=2 7249 A FE(Random Index, ©]3} RDZE Yir A v &
(Consistency Ratio, ©] 3} CR)Z 3}, CR% o] 0.1 o]&td uw]
FAo] Qe Ao 7HF3HKSong, 2004).

w2} A] Table 29} o] AHPR-A] ol 3ol gk 4578 - CR%EO
015t} 2 15 9] SHAE frashA &2 4

AN A Al a3 T

=
AT %

Crz 2749 4rg vehl Ao gol oolw e
J Fehe AL () 2ok

0.52

089 | 1.11 | 1.25 | 135 | 14

RI | 145 | 149 | 1.52 | 1.54 | 1.56 | 1.58 | 1.59




Table 6. Summary of AHP analysis

Higher Components

Lower Components

Compositive Priorities

Evgluation Weight Rank Evaluation item Weight Rank Weight Rank
item average average average
Jfri: Full load, E.V., rudder 35 0.0797 6 0.0197 19
[/ Ballast, rudder 35° 0.0565 8 0.0139 26
Sy Full load, EV., rudder 20° 0.0777 7 0.0192 20
fT_: fry: Ballast, rudder 20° 0.0816 5 0.0201 18
T;f_rmd‘;g 02468 3 /. Rull load, EV,, rudder 10° 0.2060 1 0.0508
Jre: Ballast, rudder 10° 0.1960 2 0.0484
S+ Full load, E.V., rudder 5° 0.1596 3 0.0394 14
frs: Ballast, rudder 5° 0.1430 4 0.0353 16
S Sea speed, Full load, EV. 0.0568 7 0.0190 21
Jfm: Sea speed, Ballast 0.0450 8 0.0151 24
Sz Slow ahead, Full load, EV. 0.1632 3 0.0547
P — 03351 5 Ju: Slow ahead, Ballast 0.1497 4 0.0502
[z Half ahead, Full load, EV. 0.1763 1 0.0591
Jz: Half ahead, Ballast 0.1758 2 0.0589 4
Sz MLF.A., Ful load, EV. 0.1203 5 0.0403 13
fx: ML.F.A.., Ballast 0.1129 6 0.0378 15
fn: CA., Full load, Sea speed, E.V. 0.0545 7 0.0228 17
Jp: C.A, Ballast, Sea speed 0.0346 10 0.0145 25
Jfr: Driving L, Full load, Sea speed, E.V. 0.0428 8 0.0179 22
Jfu: Driving L, Ballast, Sea speed 0.0370 9 0.0155 23
£, Tnertia 04181 . Jm: Stopping I, Full load, E.V. 0.1088 5 0.0455 11
St Stopping L, Ballast 0.1162 3 0.0486 8
St Acceleration I, Full load, EV. 0.1117 4 0.0467 10
Js: Acceleration 1., Ballast 0.1019 6 0.0426 12
J1: Deceleration I, Full load, EV. 0.2024 1 0.0846 1
Jfno: Deceleration L, Ballast 0.1901 2 0.0795 2
RIE 1904 9717 42 Q)2 dgste] g8 e
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