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A Study on the Distance of Safe Passing Considering
Ship to Ship interaction

Lee, Sang Do

Department of Navigation System Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

This thesis suggests a standard distance of safe passing considering ship to
ship interaction under circumstances such as moored ship passing, head-on
encountering and two ships in overtaking. It may provides useful information to

the ship’s operators on the marine spot.

Ship handling simulator is employed to derive the non-dimensional coefficients
of interaction forces and method of MLIT(Ministry of Land, Infrastructure,
Transport and Tourism of Japan) is used to calculate the rudder angle of course

keeping and the separation of two ships.

For decades, prediction skill of hydrodynamic interaction between two ships in
close proximity has been developed by many researchers at home and aboard. In
order to validate the accuracy of interaction skill in ship handling simulator, error
analyses for the representative five different ships under three situation of

interaction are conducted by comparing the theoretical calculation and simulation

calculation.

With the verified ship handling simulator, simulations are widely performed to
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find the appropriate separation between two ships and course-keeping rudder
angles under interaction circumstances. In order to derive the optimum distances
of safe passing, diverse parameters such as the ship’s length, ship’s draft, speed
of two ships, water depth, lateral distance between two ships, longitudinal

distance between two ships are considered.

Also, this thesis handles many ship models as target ships such as container
ship(Panamax and over Panamax), bulk carrier, VLCC(including Suezmax and
Aframax), oil tanker, LNG carrier, passenger cruise ship, passenger car ferry, ro-ro
passenger ferry, car carrier, fishery training ship, articulated tug-barge.
Characteristics of ship’s motions under interaction circumstances is represented by

the non-dimensional coefficients of surge force, sway force and yaw moment.

Safe distances of panamax container ship under moored passing condition are
suggested according to the passing speeds of 7knots, 9knots and 12knots. Also,
the safe distances of panamax container ship under head-on encountering and
overtaking conditions are researched by considering the influence of speeds, ratio

of own ship length to target ship length, ratio of water depth to the ship’s draft.

Safe distances of panamax container ship according to the water depth are
thought to be useful for the ship’s operators on the marine spot. In addition, safe
distances according to the own ship’s draft and the target ship’s draft are

investigated with influence of the water depth.

Finally, safe distances of minimum 1 cable and 0.7 L(own ship’s length overall)
are required to pass the object ships using a rudder angle of 10 degree for the
panamax container ship and VLCC of manoeuvering speed in harbour and
waterways under circumstances such as moored ship passing, head-on

encountering and overtaking conditions.

KEY WORDS: Distance of safe passing, Ship to ship interaction,

Non-dimensional ~coefficient, Moored ship passing, Head-on encountering,

Overtaking
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Nomenclature

B, B, A (own ship)3} A3th A (target ship)o] =

Cxint F5e o] FA-d 4 (dimensionless surge force)

Cyinr 3o Fatd(dimensionless sway force)

Cyivt 3 FRHE S Tl (dimensionless yaw moment)

h af o] <=4l(water depth)

Ly, L 2+ (own ship)¥} 3t 4l(target ship)S] 20|

Loa 2% (Length overall)

L, 1217 (Length between perpendiculars)

Ninr ool o3t 3] FERE(yaw moment)

NH EF4 poll s AAZTE e JFHEEHE A5 N9 Fads
N; bzt 6 o k= BHEEREAS N;o FAkdg

S &7 El(distance of safe passing)

1, 1, 2+ (own ship)#} oA (target ship)e] &

Vi Va 2+ (own ship)#} Zd oA (target ship)2] <49

Xivr GBI o7t AT (surge force)

Yinr F3A0l 2|k R H(sway force)

Y, EFZ poll s AA=RY Be Fide] wEAS Vo Fads
Y, Bl 0 o sk AYAs Yo FAds

I&; F 52K (drift angle)

8 E}ZH(rudder angle)

3 7 Addke] FAAM ko] FA ] (stagger between two ships)

3 7 Aol A 7Y FA Y FAFda(dimensionless stagger)
n 2+ (own ship)¥} “th4l(target ship)e] FAA 212 FH A

p 3+ WS (water density)

v Hl| <= H(displacement)
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11 79 973 % 53

Fajgule] Broz Mute AAYE 1Y Y G2 o} LA H3 olof we
o b h ~

e wzolq Aukg Meto] 2951 497k NS s Ak B3], Alvte] B3

<
bdE@AZ el At AFE Q] AR} vhEA L dRelth. <& Ministry of Land,
Infrastructure, Transport and Tourism(MLIT)# The World Association for Waterborne
Transport Infrastructure(PIANC) ol A& Aldto] S9-S5 T3kl /J=Hship-bank interaction),
A E33k= A8Khead-on encountering), F23sh= A3Hovertaking)oll WA= 744
g8 1Ed 3} FRES Muto] 2EMET AASHa THMLIT, 2009; PIANC, 2014).
2yt Adke] 2dAE] Bo B8 0% ARSP] fleiMe ot Aduks 9% 848 1
B2 FAAR B2FEF Basity dolo Bk s d@T30lA R AutEol 44 5
g gl B AR e AR e RS AMEE AL oEe A0

gh 71 Addtell tigk s3] FeAH @A AelAE

.

IAEFALYE AAFA Huz el e Bgo] P o BekH:

B Apelqs FuolA o] Mashs 7Re] 2G5, BTol AT AL
Soeke 43, F Ao] nEAm Fase 4% 2L B Aue FUss o)A A
saAE0]) Brh e A8E & b mEslE HAFIANE EESAT. Ave 4
S TET HAFIADS AN e BHOE WA MuxFAEAolEY T
A 34 7% AYES AL, ASH HEFABAIEE o] §ale] 3711 7ol
A Theg At el TR HE S SS9 ANEEABUCHE 259 71
A3 MUTS) B2A4S o) §3te] BABZLS g3, ATH 0 QFYAYS 42
shlek
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121 24 A4 2t 4Y F39 a3 47

HIole AFE 71&9 27 ¥4 Computational Fluid Dynamics(CFD)71% el <]t A+
7F A& Qo). International Towing Tank Conference(ITTC)olA+= CFD7]%ke] HFH 7]
He HAEA 7S FA4 e R BRstar JTHITTC 25th, 2008).

T2 HAHEfFE o]&S 7Ive
L4 3t el df% CFD7|H-S Reynolds-Averaged Navier-Stokes(RANS)7]H ol
=8 & ¥Hbank suction)¢} 7Hd = (ship to ship interaction)e] &

ofo| Al F& AAE TE3tal JTHITTC 25th, 2008).

2 st WA 72 ojol&, AlEAelE, 3DIEHEA

Aduto] mpraE 79-9F Fske Aol ZAsE A fA| AR 5 7Esith
&3 Kijima and Qing(1987) &Yt 7|Mo2 S¥E& 2T Auke] 1149
Atk Korsmeyer et al.(1993)2 3D#d IS ARESt] AAHG FEY FREo|A F &A%t
9] FEEEe ATFSATh Varyani et al.(1998)-2 o]4keF-(discrete vortex distribution)
He ARgSt AfrRAA wlEAR FAAY I He ALtsl 3 deElA
Els AES FAske A4 st Atz AIE ol o RAPEa olE N

= ATE APtk Varyani et al., 2002, 2004). Varyani and Krishnankutty(2006)= &
ol EE 7]&(singularity distribution technique)= AH&-3te] A A& Hship form)S 22k Al
FA9 £58 At e 7H e R, Varyani and Vantorre(2006)= 243t S3pA o
=

AT AlFAdel 28 A EE TS drkde At

o 243

ﬂl

lo
(‘-}'-4

Yasukawa(2003)= HElA o]&& ARgst 2= F Ay 2FF0] =9
P& FIAET 1 DFAH o7 AFEHE ZAH(rigid wal)e] 7FE kel Aute] A9 x] ol
3k BrpdEka 78S Al4ketitt Pinkster(2004, 2009)= ©]%%.&(double body) €14

=

A=

Ted AHrEHESAE vHsts HRAEO|R 7IHE ARESte] dRtellA Ato] ARALE &
et A 2 mE AP vhRIHwash wave)dl o3 AFAY FFES AFstATh

Pinkster and Bhawsinka(2013)& o]==23% Heldf% 7|HS AR3t] A “‘Z:%/\l 5 o]E] 9]
AgE AANZF ALS 26T =3 Pinkster(2016)= 3D o523 Held{5S o] 83}
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of Mutat dube] 29, Auba S99 1M Es FAskE Zles THAA AARE AEY
o[gjol] #-§stAch

Sutulo and Soares(2009, 2016)+= Hess-Smith”|{-& nko] z=

<= Aoy, oldd HEERFE dae 13)s i), =g
Sutulo et al.(2012)+= Hess-Smith7]'H& 5Y A&0 2 WXt hHFWAMNH dladel] =
e 499 S FRUES FA §83t3th Xiang and Faltinsen(2011)-2 3D A 842
A t} Lee et al.(2016)-& VLCC9| 4
FHohs Sl kA SAHIEES FIY F e WS 2T BHA
T3k Rugger1 et al.(2016)& W AAMRankine panel methodS o]-&&te] AEmd
FA4st9 k. 19l = Redondo et. al.(2016)& EA<

A% olgatel S S9 GHelE FAokm, A4 BRI SUAT Sla et
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ou 90T FRE o]F, o]H3 7HE T BEXRE B4E tEe AR $HEH &EH
THITTC 25th, 2008).

Chen et al.(2002) BG4 RANSZ|HS ARgske] vl 7F AFs2kg-o] FH 93
st wExm A, 34 FHAIS} AFRA SN A"
Chen et al.(2003)& ®]A4} Chimera RANSZE==Z Al4kel XMuk 7F 45288 Dand(1981)2]

FA P Hlwgk A3 Ak oF SAgko] £ AHBAE Btk Huang and Chen(2006)
& chimera RANSZIEES 383t Tl ol B a3t AR 28ate &
| & o] A3sl4 T} Fonfach et al. (20112 thd &AX ] ZHs = oS AWe= 75

—|~
o
X‘i

ﬂ.lO

il

A o
3k CFDAARS =383kt Lo(2012)«= RANSZ|H o2 F9 E3A9} nfXw E3kA]o] A4
IS A3 Zou and Larsson(2013a, 2013b) <Al RANSZ7IH S AMESle] 2o o

& 9 lightering 733l 3-83t3ith

Wang and ZouQ2014)= ANSYS FIUENTZZ 1< ALgste] 7 o] ARAe S3ta
£ A 29)e) wAA HAGE EAE TR Lee@IDE AR S Evte}
of Aol et olsAA 7l&s ARESt] RANSAEHCIHS STl Sian et
al.(2016)2 RANSZIH-& ARg3ste] AgrRolA SHo 2 7 Mol gk 9 F3F
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et al.(2002)2 A=
3 d7E

T RlFzoA 4F

(captive model test)S 3335}

o} ko] Aluto] T Autoli} Zulg g
£2 Table L1o] A 713 A7apaz Aesigon, 1 gos TTCoA:
ITHITTC 26th, 2011; ITTC 27th,
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Z18y5kA ). Lataire et al.(2009, 2012)-2 lightering operation°ﬂ gt 7

ZAEYolH Y Fernd S =&
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Table 1.1 Recent papers for ship to ship interaction

ol
e

& FHexperimental
ST o3 =

TE ALS

[e]

= Dand(1981) +
&gl fﬂf& ATE St o, Vantorre
Fet 23Sl gk A
YA

]_

Au

2014).

H "4 71

j=2ie)
(e 55

A4 719
(RANS)

4YH A7

Kijima and Yasukawa(1984)
Korsmeyer et al.(1993)
Varyani et al.(1998, 2002, 2004)
Yasukawa(2003)
Pinkster(2004, 2009, 2016)
Varyani and Vantorre(2006)
Sutulo and Soares(2009, 2016)
Xiang and Faltinsen(2011)
Sutulo et al.(2012)

Pinkster and Bhawsinka(2013)
Lee et al.(2016)

Ruggeri et al.(2016)

Chen et al. (2002, 2003)
Huang and Chen(2006)
Lo(2012)

Fonfach et al.(2011)

Lu zou and

Lars larsson(2013)
Wang and Zou(2014)
Lee(2015)

Sian et al.(2016)

Dand(1981)
Vantorre et al.(2002)
Lataire et al.(2009, 2012)
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Lee and Mun(2014)= A|gkrEollA FHst= A4t T
Al AANEEH o, BT AR = Aduke] Holulel 4l & wh) 54'—?— o 7]1&skd
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A2 F A9 Endel B Sle BA

2.1 FAIF98H 314l (hydrodynamic interaction) 7]1<

AMuto] Zulol} The Aue 2A el FRT ) W)
g 7%e el ATATe o8 BHNAL T 7] ] =
A2 R DAY 2 71%e HER BRE 974 % 97 238 s

Aode Wm BAaqn.

2.1.1 2D Ad5*¥H(Two-dimensional perturbation method)

Table 2.1 AZA o] & 7]¥ke] 2D “%‘%ﬂ"ﬂ el skt o] 71 74 Adukel o
of B Mute] EAeta 5 A FHE THske Aol ofs) AT g ETE
8 A= ASdEE, 38 9%, 7Y 2 AFHS FHste Al sl d5+g Kijima,
Lee, Yeung, Varyani s°] At 2D 4 =

Kijima$} Leed] A7-= A MLITSF PIANCY] 37} 32Z 4-go) &85 1

4SHE AFA Ao Bd B s

Table 2.1 2D perturbation method

Slender body ©]& 7]t
AT W& Zy /dure] dntol E Addbo] &4
52 B Au(EHA)ol 93] Ay

Restricted water/ Bank effect - Kijima, Lee, Yeung

A X

A Moored ship passing -Varyani
17 5 AZEA Addbel] gk =7} =5
= PIANC, ¥£] 2% Aol &&

2.1.2 3D ¥ ¥(Three-dimensional panel method)

AA 71 Al dgso] Aol EATTAL TP s de] 7ol

FAe e, AW 9 AR GBS e 2% F4 /NS dudow mu A

i)
gﬂ

of
53
s
A
)



= 235t o] TR 52 AH8skE 3D HHlAE o2 7]Hke] 3D HIHS A
Jetant olFRPGEe HAENE TS ga, ARTH Wdo] g viehe A=
I YA SN AALLNES JNeE Fow, ol 3D WIWE ANEF
AEdlolH Y AAIZE At &85 ok

Table 2.2 3D panel method

3D HHlA o] 2 7]¥t -Double body flow
AT W& W 29 ARG AA LAY 7INe] X3

Rigid wall free surface(Yasukawa, 2003)
A= Korsmeyer(1993), Yasukawa(2003), Pinkster(2004, 2013)
e AurzFAEY B9 AAIZE ALt &-8(Pinkster, 2013)
- S8 Adre) 23e% Fd(Yasukawa, 2003)

2.1.3 H)24 RANS7|*8(Viscous RANS method)

Table 2.32 B]d4 RANS 7|H& Azl Zifli o] 7| st 1A ddel tiE =
ZAH dFo] 7Fed Aol itk APaATY el S, drds AXske Adut
o AYA AGe LA bk ojm) HAE w2t AAZY 79 v 1o JEAE
of sl A HENEL e, Fo) AskE fRelAE o ofsteEh fE5o] BRd A
go BAE Ge FA-ES HolA §5L A ADAINT, Gl ofa) Fr)How
ksl ti(Varyani and Vantorre, 2006). Lee(2015)+= AlFAS S3keh= Aut of o

ﬁ
ox
ol
)
Mo ofo

lJ
e &3
rr
EE
r}m J

ato] RANS Aol S s3ste] Kijimaol 22Hd A5 el dAE =53t < A%
stk 19 AFolA 2D A5 Dand(198De] A3 A<} Chen et 2003)4 RANS 4
e} vlwsilet], 82 RANSEG 2D AdsHol Ad4dded 2439, 3 FEHMES

RANS #ke] A@astel o 7Stk olelsk HIAA RANS 71ME & 71e] Auees A%
goldaken] we Azte] delx, 1A% uE LW B GG vAE a2t
gone EFSE S| da FRe 4 AN 3 4% 94 NBAGE =72 A

83710l Fi7h g PHoR dAH,
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Table 2.3 Viscous RANS method

&<l o Z(head-on encountering, overtaking 5)°| 7}s
el S5 A4 dde 2e n/T vleA frss 27
o TS
AT & Aol A7
2D 71HS B37] 9al RANS Al E# o)A $3(LEE, 2015)
A Chen et al.(2002), Fonfach et al.(2011)
= Zou and Larsson(2013)
Interaction, sinkage, trim 5ol st TE28 & o=
e B}z, 2 o] gk o F I
BTN a ae, man A a7 we So 9gass
AlE# ol A3kl Hl a3

2.14 24374 A74Experimental method)

Table 24+ F2APS 7IRISE ste A771He &S Asidth 43 7He AF
=7t 1 AEEHCIEY R &8EE o] JANE HARIE ARE A
AL AZY Qa, e Aduta PR FFak fia) Ads sle ofEe Wolth
AHA7HES A3 A7AE Dand(1981)-S model 5232(cargo), model 5233(tanker)S thiat o=

S0l thk AFS 3, Vantorre et al. (2002 Ao Qlgrzo 4]
Bulker, Container, Tanker2 tiAo 2 mlFX= AL FH9 A9 AFAL Edsts 29
o i A3 AFE FHsIAE BIANPL T, £8, A, 74 T A8 A ok
°

e S £33 FPFuS tFTh Vantorre et al.2002)+= thekst 3 Ag e} % o

dozrge] Hd 9 3ZE Alttele 434
THITTC 23rd, 2002). 12y} 5 Aulo] F3ls}
ST e E e 43 TIRS
24th, 2005). Lataire et al.(2009, 2012)+= lightering operat10n°ﬂ gt FEEFEAF
<, olE3 AP e Agete & S TS Mgl RIS T
o AR 39 AFollA service Aubel|l fEE Y EHEC] Fofstglon,
lightering &<l g FRd& ==3}3ch
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Table 24 Experimental method

A 8] HolERE S/ B BREAA

Dand(1981) - model 5232(cargo), model 5233(tanker)
AT HE Vantorre et al.(2002) - Bulker, Container, Tanker
g2 dube] dojnjel &enof 29

Lataire et al.(2009) - VLCC, KVLCC2 A ¥

ATA} Dand(1981), Vantorre et al.(2002), Lataire et al.(2009, 2012)

ITTC(2002)e] A4 Z3} 2x(Vantorre et al., 2002)

ﬁ 3
A% PIANC ¥ DMI AlEd ol o] &-&(Dand, 1981)

2.2 9€2| MLIT¢} PIANCO 7 ¥S 123t F=2Z 4

o] MUTS} PIANCOIA S Asks} Zu), Aukst Avfe] 2ige nel@ 37} 422

Q]
Aute] ERME AASAT Fig 21 A" lse Fo 1A @42 ekl

o2 (= Auo] ZEe =y T © Zmoz s WAk == %eHbank
effect), (D)= Aluto] The AEHe wlFAn o8 Sdaks A9l (O Auto] Arjael

HAS 2A3t FYsl= ASES TAS zlolth Fg 21 @, ), ©Y nE= Aty

7]

=

oA =¥ 3 B Aduke] FAARS FHEAGCIH, S= AdAet S s AA

=

Lpp)|

(a) Ship-bank interaction  (b) Head-on encountering (c) Overtaking

Fig. 2.1 Diagram of bank effect and ship to ship interaction (PIANC, 2014)
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Fig. 22 ¥3} PIANCS] o|&A4ko] ALg8 Ao FFolck OIW%AL, Zeolu,
MM, 2, PEY, INGA, blelel, WESEN, a4 5
AEpEE YRS 1HE R FRES WSS

Container ship

Small tanker

SPIRIT oF TASMANIA

. ) Passenger ship Ferry boat
Refrigerated cargo carrier
(2 shafts, 2 propellers) (2 shafts, 1 propellers)

Fig. 2.2 Ship types for theoretical calculation (%] : www.google.com)
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221 249 9P 1T F=I

AR} PIANCAIA AN Q= ZHIFS 1
259 ZTHPIANG, 2014). h/ T4 E5)<129] =
02039 919 AL & 5 ek o] = <
Mg 23 BRE W AAel WASE Y F 399 3T

(course keepingd =+ U= Hths| &EH-S 9|3t

R
o
X _l}‘_,
o
o
=)

Table 2.5 Requisite width for ship-bank interaction (h/T=1.2, 6=5°)

Ship Type Lpp [m] | B [m] /Ly, | S [m] S/B
1 Cargo ship 103.0 20.0 0.267 17.4 0.87
2 Small cargo ship 60.4 11.2 0.255 9.8 0.87
Container ship
3 283.8 40.0 0.266 55.5 1.39
(over Panamax)
Container ship
4 273.0 32.2 0.261 55.2 1.71
(Panamax)
5 Very large bulk carrier 279.0 45.0 0.269 52.6 117
Large bulk
6 216.0 32.3 0.269 419 1.30
carrier(Panamax)
7 Small bulk carrier 119.2 21.5 0.261 20.3 0.95
8 VLCC 316.0 60.0 0.252 49.7 0.83
9 Small tanker 92.0 20.0 0.259 13.8 0.69
10 Large pure car carrier 190.0 32.2 0.265 34.3 1.06
11 Pure car carrier 180.0 32.2 0.263 31.2 0.97
12 LNG carrier 270.0 448 0.260 47.7 1.07
Refrigerated cargo
13 . 144.0 23.5 0.267 26.6 1.13
carrier
Passenger ship
14 160.0 247 0.239 259 1.05
(2 shafts, 2 propellers)
Ferry boat
15 181.0 294 0.250 30.5 1.04
(2 shafts, 1 propellers)
- 13 -

Collection @ kmou



222 v}FAY oA B F2E

B3} PIANCOA At Y=

upA| e Eakaks AMu 7he] 7h4
7} $2Z2 Table 2.67 ZTHPIANC, 2014). h/7=1.3¢ ZA
Wlolml, y/L, = 045-0559 W AL & 5 Ak A 5

FollA 2 A Aok 2ol

< 7lesaith
Table 2.6 Requisite width for head-on encountering (h/T=1.3, 6=15°)
Ship Type Lpp [m] | B [m] | n/L, S [m] S/B
1 Cargo ship 103.0 20.0 0.511 32.6 1.63
2 Small cargo ship 60.4 11.2 0.477 17.6 1.57
Container ship
3 283.8 40.0 0.511 105.0 2.63
(over Panamax)
Container ship
4 273.0 322 0.498 103.6 3.22
(Panamax)
5 Very large bulk carrier 279.0 45.0 0.516 98.8 2.20
Large bulk
6 216.0 32.3 0.516 79.0 245
carrier(Panamax)
7 Small bulk carrier 119.2 21.5 0.501 38.2 1.77
8 VLCC 316.0 60.0 0.478 91.0 1.52
9 Small tanker 92.0 20.0 0.492 252 1.26
10 Large pure car carrier 190.0 32.2 0.510 64.6 2.01
11 Pure car carrier 180.0 32.2 0.504 58.4 1.81
12 LNG carrier 270.0 44.8 0.502 90.7 2.03
13 Refrigerated cargo carrier 144.0 23.5 0.514 50.5 215
Passenger ship
14 160.0 247 0.453 47.7 1.93
(2 shafts, 2 propellers)
Ferry boat
15 181.0 294 0.478 57.1 1.94
(2 shafts, 1 propellers)
- 14 -
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223 54 T3/ ¥8 F=F

Table 2.7:¢ U3} PIANCOlA AAIBHT gl
e u#F 37} FREC|THPIANG, 2014). /T
0/ L, 0.60-0.759] B9l AL &

.

/~ ohq. 5;(

T Aure] ZYshe
7-129] %
o 2 o

Table 2.7 Requisite width for overtaking (h/T=1.2, §=5°)

Aol Bk 1A

AclA EBAE 5ol slol,
of Astst ol L

71&315

Ship Type Lpp [m] | B [m] n/L, S [m] S/B
1 Cargo ship 103.0 20.0 0.735 55.7 2.79
2 Small cargo ship 60.4 11.2 0.683 30.0 2.63
Container ship
3 283.8 40.0 0.737 169.1 423
(over Panamax)
Container ship
4 273.0 32.2 0.716 163.2 5.07
(Panamax)
5 Very large bulk carrier 279.0 45.0 0.743 162.2 3.60
Large bulk
6 216.0 32.3 0.744 1284 3.98
carrier(Panamax)
7 Small bulk carrier 119.2 21.5 0.719 64.2 2.98
8 VLCC 316.0 60.0 0.683 155.7 2.60
9 Small tanker 92.0 20.0 0.705 449 224
10 Large pure car carrier 190.0 32.2 0.732 106.9 3.32
11 Pure car carrier 180.0 32.2 0.725 98.2 3.05
12 LNG carrier 270.0 448 0.722 150.1 3.35
13 Refrigerated cargo carrier 144.0 23.5 0.741 83.2 3.54
Passenger ship
14 160.0 24.7 0.644 78.3 3.17
(2 shafts, 2 propellers)
Ferry boat
15 181.0 29.4 0.686 94.7 3.22
(2 shafts, 1 propellers)
23 Y 71 I €4
210014 43 dAZAA A e FH8s 71l tidk Aaxde Table 2.8 4
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AC)

SIEk Threl ATAEC] AR 2D AN, 3D T, ¥H4 RANS 71 Ad A

i

= A7) ol 9 FRdEs §F BRIt oA HIAZIPE ARl A,
AZE ARl 2] ofElgol Stk @Al Yo MLITS PIANColA & Aol ZH-& ataffs}
= 745 Adte] g AEbt rleA|e A, Addte]l b ke Fdske A9l tal 15
T At BE A e dEe 13 57 FRES AAstaL o 1
U 22 TR Addke didoz AAste @79 v 3AEe] AT F e dHE
AYE AAB] Al g et dF a0 o AL AlEdeldE T
GRSy} o] Fojxjok jitt. 7|ES] FAVH, @7 AFAHLE AT JAE BF=
FE7E e Wlolth v, AvzFAEdolE e b Aus ¥ 245 JEHY
T doerng & dAFdAs ols Fot] Tk Adutat a4sed tid A TS 45t
al, 2 o AdEtEFA g olE e AlF

ship to ship interaction®l] tisl] o] MLITS} PIANCE] o]EA4FE3}e} vl 3o 24
A oA RA L B3 Azo] M ojel B,
Table 2.8 Comparison of prediction skill for ship to ship interaction
Y 7= FHIEA @/ A
AZA kel th3k w2 Ao s
2D 254 A = 2 9
e Q. PIANCS] 2§ At 229 B8
HIAZ7E A ojgl+
o] =) S
A x| el FF 1y
OhFsE 3HAdE Aol tigh 223 | AARE &8, aX T AE 8T
RANS 71" 1 A 7Hs B 84E AlEH A
Aday 1 7t H & &%
e T A= _ _ aztel W
AEdolE ¢ s rdd &§ HIAZ7F ZH] AR o+
1o = 1 o
] el gEE olEALe mE | %T‘q fdﬂ“g @Tizﬂ
[SRERS) 5= A o o] xJHlo
A 2o MLIT AeEAQl FRE AA grate] Al =719 9
Agoles AE3t7] oy A
At zF oheFet Addtkel &8 Thks AEFE s 2d, AFE 7B
AlE# olE o 948 A=Y 7Hs HAH & 2 s}
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A 3F AnzFAEdcEd A48 IR B

Al Tl AMEET e AutzFAIECEE Table 313 Zo] gAlote] Transas,
w240l Kongsberg, @mt=¢] Force technology, &=2] STR A|&o| Ut} AMzFEAE
#olEle] g o220y F2AFS VMo R dtal 3, TR Aol FEFE v|H|
= FehulEo] Age T ok AR 7IA] AFE AlEEIHY EAS AuEy,
Kongsberge AfAlS THshe 49+ 8ol e AojdS 24T & fle @4l A
t}. Force technology: Dand(1981)2] #|g+2l21 djo]Efol] 7]HkS

= T o/
o etmdz Yew EASkD Yok W, Transass AAH AYL & 29Yo] Hof

o

AL, AFAS THsh= A9, vEAe A, FEshs Aol tiR AlEolAe] 7hssi
A

L [¢]
dide AEA 240l 7R Aol .

Simulator Formulas based =4
AAAN 2P T3 HAY wdd
Transas . - . -
Russi Experiment | T+¥3H X A AlEdolAd 7hs
ssia
(Russia) AHE AR EA 24 A5
T Aol Y-S WA= parameter A 7H
Kongsberg g A e a6
Experiment | A7 S T3t A= & <4d
(Norway) Boue 24T & 58
FORCE Technology _ o Dand (1981)¢] A<l dHolg & 78, 43
Semi-empirical
(Denmark) Z o9&
STR _
Theoretical | 1970'd slender body °]& 7|4, FEjTE EX)
(S. Korea)

3.1 Transas ABL2EABolEl] H8W 482

B Ao A ALE3F Transas AlE@|©]E]2] ship bank interaction®} ship to ship interaction

of B Fotmale Aute] TAo| Zuo] AT W YA W, o)k A Ao
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3.11 AutzEuA4

Transas A¥2FAEHIHS 71221 5842 Fig 3.29 o] 9ol 1A
A 0,7F AXST AFIAFEA X, V,2, & A F=EZ(center of gravity, CG)ell
AA o7} e EATZHIFA Xyz B FAI A FEFAA 48 o7t e =
&t A(local frame) X, Y, Z,+ AT1AHHATA XV, 2,9 9Ho] EAngzzA ] A
A== HaysHA o] F5AIZ Aolt)y. EAuAFAEA xZ(longitudinal axis)e A1) of A]
= gsla, y=transverse line)& FH3 oA o7 dFsta, z3(normal axis)E FA1HA

(waterplane)oll 21z}el MAE dFata it

ﬁ

-

[

ri

dute] IXE AR fsliA AFBEHEAY FETA HE 1, v, 2, T A
a1, AA| ge AAs] Y8 roll ¢, pitch ¢, heading angle ¢S AFE3FATE 24 (D~3)
AuteFrdo)] AMEE= roll, pitch, yaw rate®] WA 02 EAuAHREA S HE
Atgol 7hsdtth A (D6 o] &R AL B SRHE Y ALY
(ug, v, w ) OE2RE FHFH HAFAY =3 (v = Uy, 4o = Uy, . 20 = Uy)5 AR

s},

Fig. 3.1 Coordinate frames

p= ¢ —1sind €))
q= 9cos¢ + 1pcosfsing )

_18_
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7= —ésin¢ + 1 cosh cosg 3)

:bo = wu, cosy cosh + v, (singcosysingd — cospsing) @)
+ wy (cos¢cosysinf + singsiny )

Yo = Uy singy cosh + v, (singsiniysing + cos¢é cosy) (5)
+ wy (cos¢siniy sinf — singcosy )

20:— Uy sinf + v,sing cosf + w,cos¢o cosf (6)

21 (D«9+ surge, sway, heaveol]l izt 7]&2lolH, 2] (100~(12)= 624H% & % roll,
pitch, yawell thet FE] 5782 o]t

m(wy—vyr+wyq) =X )
m (v, +uyr—wyp)=Y @)
m(w,—ugqg+vyp) =72 ©)
Lp+(I —1)gr=K (10)
I q+ (I, —L)p=M (11)
Lr+(, —1I)pg=N (12)

x) Ty’ Tz
p,q,r © SALPHIAC] i AdHre] %
oriorte B 6, 0,0 E FE 2A A D Huke] 0] wEg ofmt) w3t 4
(D122 $9 & H7A Zzte] oz Mutd] 2gats FAY, g, 39, 29 5
o olat 91z} %

A8
Auke] 6= =50l tigh Z+ wWake] Society of Naval Architects and Marine Engineers

AZIM, mS Advke] R 1, L& 2=l tig Huke] AHEWE, u,v, 0 2
=

=
=2
A=
ofo
ol
ol
rlr
ju) Hj
=
[l
1o
ot
filo
L 4
F?ﬁ
=
(@]
=
Do
S
—
S~
=
)
o
[\
[«]
—
=
I~
=
o)
w
Do
r
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Table 3.2 Notation of SNAME for marine vessels (Fossen, 2011)

Linear and Positions
o Forces and
DOF Description angular and
moments .
velocities Euler angles
1 motions in the x direction (surge) X U x
2 motions in the y direction (sway) Y v y
3 motions in the z direction (heave) zZ w z
4 rotation in the x axis (roll, heel) K p é
5 rotation in the y axis (pitch, trim) M q
6 rotation in the z axis (yaw) N T P

312 24 FYshe At e BHEE Tae YA 29

1 Y3 ST RHES ot ejgr&m HL 4 (13159 Bt} 7|4, P =
FE oI, Oy Oy A% B3 SUE SRl Dol 27 93

Fig. 3.39] HzAA Aute] FAG2Ql 7H42 9] 33} RREV} AAHY, ¢
o] ZHFA9 Z7)e(stagger between the ships), n&= F Auke] FAA 7ko] 37

distance between the centerline of the ships)E 2]u] gt}

. | passingship

own ship

Fig. 3.2 Definition of ship to ship interaction modeling

_20_
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XINT

YINT

NINT

CXINT

CYINT

CNINT

| Po, (7 — 0.5B—0.58 L 53),2—5,,’%2LT
| P, — 0.5B—0.58")/( 53),2—5,,’%2LT
vv.se LY L BT
Fn,(n 0.5B—0.5B")/(0.5B), i?,ipTWﬁT
s

313 Adutz=FA Ed0|E Y F

Fig. 3.3~3.6 Transas 4l
ATE YeRd Aotk F

AT

23AEYClE o Adut 2ol lHd

T glupe] nhExE 2dte] SHH:

EE Tk TR
7d-$-(head-on encountering)

of, 2L Yoz FYsE 2 Povertakingel TFAH LMo thF 7 TAY A
F7h JEslel Qirk IAEE T AN bS] g PP olAAYE RAU] =
28 Aow oA

o

9

-0i3

4.2

-0.1

0jt 02 0i3 0j4 0ls

xl

Fig. 3.3 Non-dimensional coefficients of ship to ship interaction (head-on

encountering, large ship)
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cyxovertake

xl

Fig. 34 Non-dimensional coefficients of ship to ship interaction (overtaking, large

ship)
= /é
R 2
e
. ; =5
i
- 2 &él
& 0.5 o 0.3 ez i 8 oiT o2 0.3 o ui;:: 1]

QZF e

Fig. 35 Non-dimensional coefficients of ship to ship interaction (head-on

encountering, small ship)

cyxsmallovertake

Fig. 3.6 Non-dimensional coefficients of ship to ship interaction (overtaking, small
ship)
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3.2 7|et AEH Y dF

3.2.1 Kongsberg maritime

2] (16)¢] XEXTOH/H o2 Mubol]l ofgk JS T3 Utk 2 (17) surge, sway, yaw
of gk 7R FEWAAS ougith A (18)2 SHs Tdehs Aduto] SHow s
TS ) SFEAES Bk Aotk A (192D Ave] & Advs 24§34

1

MES Fohs Holuh

W

X=X +Xy+Xp+Xo+ X, + X+ Xpyr (16)

m(u—vr+wq)=X, m@w+wp+ur)=Y, [ r— (1, —1I,)pg=N an

Y = mg(Fr’Cyy), N= mgL Fr’Cpy 18
1

X= ipgf(v )V S)USQ(CSX) (19
1

Y=5pgf (Vv 5)U3(Csy) (20)

N= %pf(v ,V 5)3/2U52’CSI\T (21)

3.2.2 FORCE Technology

7124 Fe RIS B, Kongsbergel mRZFAIZ 2 (2204 B viel o] x Wik

o7 Zgathe 3o FY FolA & Adube] o7t & Xy, SHol 97 FFE X, =
Fst Aok A Q)2+ Adute] OE Auks 2 FIE of HAskE [5Y, g9, 3
TRHEE k= 2lolth. Fig 3.7 drk=<e] FORCE TechnologyolAl <83t =
Dand(198D)¢] A7Z2 A=A, model 5232} model 5233¢] Aduto] WX Faste -9l
model 52339l A+-§sh= AHH JFRAES FAUAFE FA[EHlo wat AR Aot
X=X,0+Xu+Xp+Xp+Xypp+ Xup+ Xpp+ Xgs+ Xog+ Xg; +ete. (22)
X= C’X%p(v v )VBULS,, Y= C’Y%p(v v )ULS, 29
- 23 -

Collection @ kmou



N = CN%p(v v )" PURSy vzy

[ REPULSION
o6

Kaila

\\~—7
\ N “1"1Q ATTRACTION
N
\\ / ~t=2:0
~ KEY
5232, — = h/T(5233) =1:10
X e 1-19
x%.Jy 3 S — 1-49
1 : CH S—— 2:65
50
ped3 Own shi 1
YO P "4'0

BOW OUT
3 06
h:u:-'_-.-.-'....._
Xo/Lo
BOW IN

Fig. 3.7 Head-on encounter : Effect of depth/draft (Dand, 1981)

3.2.3 A|o]=d)g] A X|(SafeTechResarch, STR)

S B4 STROIA et AutzgAgaoles 4] @)0lx 1t vl o] Aluto

d -
Ag&shs FAY FoAM F,, 2 O Al o' HE, Fae SEHIS 2SS 9

s ol oe £8skn Yok

+F, +F (25)

Ftotal = Fhull + Frudder + Fpr(}pulsion + Fthruster tug winch + Fanchor

+ F

wave

+ EJYLT'T'(iTLt + Fu}ind + E:}Larl,rl,el +F

ship

+F,

round

_24_
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3.3 AurzFAIEF Y Autrde] J33HY 7€ S (Transas)

D AR s 44 ddol B 2d A9 vl Ay

=

Ozersky and Rogozhina(2016)= Transas Al &#¢]E]e] =& A8 Remery(1974)2] =4
FAe} HmEASI] 714He] thd Transas =o] A3 AZSAT Table 33L Wl
wth e AYdS vetal 9lan, Fig 3.8-3.112 Sl ofsf 2H-8sh= A

o,

ol #3 ¥ 2 Transas 2d o] AIdAAES vwdt ZAolt}h Tknotse] &£Ho g2 AFA
S 30m, 60m, 120mE FAo 2 EFHAZD u AFA &= A 4, S| FRUEES

ko)
&
Hlw gk 23} Remery(1974)¢] A3 ZA3¢} Transas =29 53 e}

Table 3.3 Main particulars of the ship models and test condition (Ozersky and
Rogozhina, 2016)

Experiment
Particulars Transas
(scale 1:60)
Moored Moored
Model Passing vessel Passing vessel
vessel vessel
Ship type tanker tanker tanker tanker
v, m’ 104,000 131,000 118,800 129,600
Lpp, m 239 270 257 250
B, m 44 49.9 36.8 40.4
T, m 12.2 12.2 15.7 15.2
h/T 1.15 1.15 1.15 1.15
Cb 0.81 0.8 0.8 0.85
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passing ship: lowed by carriage
on mono-rail

APP F.PP
—
1 1
ﬂk z Lpp s LPp captive ship: free to roll, pitch, heawve
! + Py
assing distance ¥
P g 5 P |
F.RP T APRP
"""+ Frxk G
S SRS a2 £ ) € ETE SRR | SN
force
| | transducer
L3 ol
6,34 m
L 1L
S Lep . S Lep
X
| >

Fig. 3.8 Test set-up for force measurement on captive vessel (Remery,

1974)

Remery(1974)= Zd<ollx W7 o] Tz s AR B 2Esh= 28e 54
&t7] fl8l s e Fig 383 o] a8t 7<= (captive ship)?l AlFAdell 283t
© 3 EHEE T £8of AlFel nlEitar Zlestitt. ARl A&t A

HOo H ~Fj 1 20 = = A5 ol y=o0 v
22 Fig. 39-Fig. 3118} Zo] VeZ UYge] BAISATE 29| x5 /2L, + L)

o2 YW, o7 e F Aol F47e T, L, L= 44 TS AR

_26_
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Longitudinal Farce

= Transas ¥5*30m

X
2 [tons[knotsz]

Remery test ¥==30m
= = =Transws Ys=60m
----- Remery test Ys=60m

------ Transas ¥s=120m

longitudinal position of passing ship .‘?Tf%ﬁ
zler

Fig. 3.9 Surge force induced by passing ship (Ozersky and Rogozhina,
2016)

T T
Lateral Farce

Tranzas ¥s=30m

5”2 [EGHS,J(HOESZ] Remery Lest Fs=50m

W @ lIfN AT - Hemery test Ys=aim
| T
| |
| |

= = =Transas ¥e=G0m
------ Tran=zas ¥s=120m

------ Remery Leal Ya=120m

longitudinal position of passing ship i, i»: v
LS R

Fig. 3.10 sway force induced by passing ship (Ozersky and Rogozhina,
2016)
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Yaw Moment

N Transas Y= 30m
TH [tons - mfknots?] son

—— By tesl Ye= 30m

Transas Ye=u120m

‘\'nej/ff son

longitudinal position of passing ship 3————
oLy L)

Fig. 3.11 Yaw moment induced by passing ship (Ozersky and Rogozhina,
2016)

D) Akt Auke] b 9] B Fx AW A

Ozersky and Rogozhma(ZOlG)E 9= Aol tall =437 Transas 229 1439
o] A= HlwEAsle mde] AFAHL =8k Table 349} Fig. 312914 R& H}QP
2ol, frARE 3719 ﬁﬂlolﬂﬁﬂr 717h 2l o]
srde] HHo] AP AFH A A e AS T 915}.

fd
N
rlo
>
o>
é
S
m{o
>,
Y
i,
.=
s
%
2
{0
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Table 3.4 Main particulars of the ship models and test condition (Ozersky and
Rogozhina, 2016)

Transas Experiment
Model Container Car carrier TCH CPT
ship

v, m 32921.8 68217.4 0.96 107 1.73 107
Lpp, m 181.5 228.9 0477 0.592
B, m 30 36.2 -.094 0.12
T, m 8.5 10.88 0.0385 0.048
Initial x,, m 155.07 -20.74 0.4 -0.05
Initial y., m 370.08 250.18 1.19 0.81
Course, deg -7.42 -6.09 -9.57 -7.53
Speed, m/s 8.07 9.82 0.6 0.73
h/T 5.87 4.59 5.97 4.79
Fn 0.19 0.21 0.28 0.3
Fh 0.36 0.44 0.4 0.48
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1500

~1000

500

500

¥, m

—WSY (1) Container ship 28 (2100 TEU) {similar to TCH)
—WSY (2] Car carrier 7 (Dis.68229t) TRANSAS (similar ta CPT)

Fig. 3.12 Comparison of the simulated trajectories for overtaking manoeuvre against

model basin measurements for similar models (Ozersky and Rogozhina, 2016)

34 T4 HBE o|EARR AETCH 2l FY¥E AT

341 oA AR 2719 & vt 43
D 43 PIANC o] &A14+e] ti/didut Al

Transas 223} o] 2A14He] AREE vlwsty] Hste, Hde] FE= FARE 2719 o

(z/Collection @ kmou 0



kS st dh Table 3.5v ¥£3} PIANCOA o] A4 15%7-2] Alute] A A
Aol AbgH 1% AvKgeneral cargo ship)e] A9 YeRA Aot}
Table 3.5 Ship’s particulars for theoretical calculation
) Loa Lpp Breadth | Draft
No. Ship Type GT/DWT Cb
[m] [m] [m] [m]
1 Cargo ship 5,000 GT 109.0 103.0 20.0 7.0 0.740
2 Small cargo ship 499 GT 63.8 60.4 11.2 42 0.540
Container ship
3 77,900 DWT | 299.9 283.8 40.0 14.0 | 0.647
(over panamax)
Container ship
4 59,500 DWT | 288.3 273.0 322 13.3 | 0.667
(panamax)
Very large bulk
5 , 172,900 DWT |  289.0 279.0 45.0 17.8 | 0.804
carrier
Large bulk
6 , 74,000 DWT | 225.0 216.0 323 135 | 0.838
carrier(Panamax)
7 Small bulk carrier | 10,000 DWT | 125.0 119.2 215 6.9 | 0806
8 VLCC 280,000 DWT | 333.0 316.0 60.0 204 | 0.794
9 Small tanker 6,000 DWT 100.6 92.0 20.0 7.0 0.797
Large pure car
10 _ 21,500 DWT | 199.9 190.0 322 10.1 | 0.615
carrier
11 Pure car carrier 18,000 DWT 190.0 180.0 32.2 8.2 0.547
12 LNG carrier 69,500 DWT | 283.0 270.0 448 10.8 | 0.700
Refrigerated cargo
13 _ 10,000 GT 152.0 144.0 235 7.0 0.753
carrier
Passenger ship
14 (2 shafts, 2 28,700 GT 192.8 160.0 24.7 6.6 0.603
propellers)
Ferry boat
15 (2 shafts, 1 18,000 GT 192.9 181.0 294 6.7 | 0555
propellers)
General cargo ship 155 26 8.7 | 0.698
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2 Y} PIANC ol £A14Fe] A} B8 4AY A%

Table 3.6 o|&A14tell AHEdE 1557 AHre]l FAE A€ yUehia o

Table 3.6 Hydrodynamic coefficients of representative ships

No. Ship Type Yf N f Y(; N(;
1 Cargo Ship -1.688 -0.590 -0.0723 0.0362
2 Small Cargo Ship -1.653 -0.597 -0.0881 0.0441

Container Ship
3 -1.340 -0.457 -0.0720 0.0360
(over Panamax)
Container
4 -1.312 -0.0449 -0.0781 0.0391
(Panamax)
5 Very Large Bulk Carrier -1.612 -0.562 -0.0699 0.0350
Large Bulk
6 , -1.587 -0.553 -0.0696 0.0348
carrier(Panamax)
7 Small Bulk Carrier -1.551 -0.519 -0.0773 0.0387
8 VLCC -1.658 -0.564 -0.0880 0.0440
9 Small Tanker -1.835 -0.640 -0.0811 0.0406

10 Large Pure Car Carrier -1.417 -0.484 -0.0731 0.0365
11 Pure Car Carrier -1.287 -0.427 -0.0753 0.0376
12 LNG carrier -1.213 -0.382 -0.0762 0.0381

Refrigerated Cargo
13 . -1.372 -0.451 -0.0705 0.0353
Carrier
Passenger Ship
14 -1.214 -0.387 -0.0100 0.0500
(2 shafts, 2 propellers)
Ferry Boat
15 -1.125 -0.354 -0.0875 0.0437

(2 shafts, 1 propellers)

P - 32 -
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A71A Z+ 7159 ouj= te o)

rr

v, A7 R goll Slsh AGRHDT Wl MA e
o BAe5

o] WA v,

Ny - AAZE ERZ ol ofal ARGHDE Wel HAZRE BE ATHERE A%
N, ¢} BAUS
v, | BB 59 %ol ¥he v BEyE wtE FGAS v, FAAS

N, BHE 5] B9l B9he W) BERE WASE BERNEAS N9 TAUS

3) oA e Ak GARE AR ol BRl i

Table 3.72 Trasas =29 AGTE AS3H] {Ast] Y3} PIANCe| o] ZA14 s f-A1sh
2dS HAAste vlwgk Zlojth 15572 Aul Fol A o]|ZA 14k AFEE Hukat fARE =2
719l AEH ol 2 5372 AFEI

Table 3.7 Comparisons of selected models for verification

The ship models Loa [m] Breadth [m] Draft [m]
Container (O.P.) 299.9 40 14
Container (P.) 288.3 32.2 13.3
o] A4 Bulk (P.) 225 323 13.5
Car carrier 199.9 32.2 10.1
LNG carrier 283 448 10.8
M CNIR 5 (O.P) 299 371 13
CNTR 19 (P.) 289 32.2 12
Al &8 ol A BLK 7 (P.) 230 32 12
CCR 6 199.1 32.26 11.02
LNG 4 290 44.7 11.9
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342 59 T3 MNEFHE 24 A¥E AF

D ojaAer A 9 AHzA A

<

Adrtol EHS 23 FYshk= % -F(ship-bank interaction)ol] Tisl AAE oA ul}

AP Z2E Table 38914 YEMITE HFEAE ZAIS Fig. 3139 e Auke] FAA A
SH7IA Y] FRAYE s, ¢ AgollA S8 EatA ] FAYE vt A
ZAS p/7=12, AEbe] &S ZknotsE  AAEINTE EFAAS Y8 020~04L9)
IAYE Fa AEHIAS AN HAS HdEe] IFagiy FAEATE o83t
Bzt WS A&y, 3 ezl Uik AAYE Joz A4ttt

Table 3.8 Simulation scenarios for verification of ship bank interaction

Loa Breadth Draft Depth
Model n [m] n/L
[m] [m] [m] [m]
59.8 0.2
MCNTR 5 299 37.1 13 15.6 89.7 0.3
119.6 04
57.8 0.2
CNT1R 19 289 32.2 12 13.2 87.0 0.3
115.6 04
46.0 0.2
BLK 7
230 32 12 14.4 69.0 0.3
panamax
92.0 04
39.8 0.2
CCR 6 199.1 32.26 11.02 13.2 59.7 0.3
79.6 04
58.0 0.2
LNG 4 289.9 447 119 14.28 87.0 0.3
116.0 04
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Fig. 3.13 Coordinates of ship bank interaction (Andou, K. et al., 2012)

Btz 59} 277 g 2A0E F¥e THEIee AHES Fig. 3139 HFA M= 4
(26~2N3 2ol BIFFH 2eWAEAS UEd F Utk &S ol8ste] 4
(28)~(29)¢t 2ol B3} wR[Zpe| Ao s}eHAndou, K. et al., 2012).

= Cpy+ Y8 +Y,0=0 (26)

— Cyp+ NsB+ N6 =0 @27

_ GwY, = Cnl, 28)
Yﬂ Ns — Y5 N B
PR Yy = Gl (29)
Y3 N; — Y5 Ny

§ : BH(rad), g : EF2H(rad)

3) EFZAILE - Container over Panamax(MCNTR 5)

n/L) 02-040) PHE Wela sEEuEe] Wagks $ALASE Tob, 4 (28)S

SE

olgste] Bt 7 4 Utk olBANAE 5ol iFse AAYE 4

_35_
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shjubs ol o) AEolYMe] B2t YA E Tale

Table 3.9 Rudder calculation of MCNTR 5

L .
CNTR 19 n/ B
0.2 0.3 0.4 .
Cywr(max) | 0.045692 | 0.018331 | 0.007020 1= 0018704139
Cainr(max) | 0028123 | 0.011206 | 0.004238 M
Y, -1.34 -1.34 -1.34 Zos —
N, 0457 | -0457 | -0457 0 .
Y, 0072 | 0072 | 0072
N, 0.036 0.036 0.036 "
E}2}(rad) 0207 | 00818 | 0.0304 0
1:/]_7_}- 0 5 10 15 20 25 30 35
11.86 4.68 1.74 rudder angle & ()
(degree)

4) E}ZHAI4E - Container Panamax(CNTR 19)

593 WHOZ Table 3102 Yyt xg Avolyile] ey} AAYE A&k
Table 3.10 Rudder calculation of CNTR 19
L .
CNTR 19 n/ °e
0.2 03 0.4 o5
Cyvr(max) | 0.0223705 | 0.008005 | 0.003303 =00z 0407
Camvi(max) | 0.013601 | 0.00479 | 000196 || - | -
Y, 1.312 1312 1312 o3 ¢
N, 0.0449 | -0.0449 | -0.0449 0 °
Y, -0.0781 | -0.0781 | -0.0781 .
N, 0.0391 0.0391 0.0391 '
7 0
135 j}(;;ld) 0.307 0.108 0.044 0 s w5 o =
17.60 6.19 2.53 rudder angle ()
(degree)
- 36 -
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5) EFZHAIAE - Bl ABLK 7 Panamax)

TR YR Table 3112 yhetag 49 B3 A2 E A=tk

Table 3.11 Rudder calculation of BLK 7 Panamax

BLK 7 n/L 06
Panamax 0.2 0.3 0.4
05 y=-00152x+ 04016
Cynr(max) | 0.048941 | 0.016921 | 0.005332 R-08321
04 ¥
Caivr(max) | 0.002843 | 0.000971 | 0.000303 \\
’ 'J &
Y, -1.587 -1.587 -1.587 F0 \
N, 0553 | -0553 | -0553 02 ‘
Y, 0.0696 | -0.0696 | -0.0696 o
N, 0.0348 0.0348 0.0348
0
E} 2} (rad) -0.240 -0.083 -0.026 s s w5 w5 m s
B2} .
13.78 477 1.50 rudder angle 5 (')
(degree)

6) EFAILE - T & 747l 2] 2J(CCR 6)

=93 B O Z Table 3.12% 7HHglole] elzda IADE A=39th

Table 3.12 Rudder calculation of CCR 6

CCR 6 n/L 06
0.2 0.3 04 N

Cyinr(max) | 0.033503 | 0.013647 | 0.00612 V=002 Ix 04277
Canr(max) | 0.021490 | 0.009107 | 0.00396 " \ T

Y, 1417 | 1417 | 1417 | Tos —

N, 0484 | -0484 | -0.484 . \

Y, 00731 | -00731 | -0.0731

N, 00365 | 00365 | 0.0365 "

E} 2t (rad) 0.163 0.072 0.030 .
(diie) 9.36 414 1.74 rudder angle & (')

_37_
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7) A4 - LNGA(LNG 4)
&

Ut WO Table 3.13& LNGA 9] B2t} 382 2&314t).

Table 3.13 Rudder calculation of LNG 4

L 06
LNG 4 n/
0.2 0.3 0.4 N
Cynr(max) | 0.046488 | 0.01852 | 0.00713 v a0
Caini(max) | 0.02785 | 00109 | 0.00418 M |
Y, 1213 | 1213 | 1213 | Zos 4
N, 0382 | -0382 | 0382 . .
Y, 00762 | -0.0762 | -0.0762
N, 0.0381 | 00381 | 0.0381 "
E}Z}(rad) 0.212 0.082 0.031 0
0 5 10 15 20 15 30 35
B2 dderangle 5
12.19 4.74 1.78 rudder angle 5 ()
(degree)

8) LA

Aduto]l SHS ZHTHse 450l el A, ol ALkt AlEdoldS o8sto] Axtet A
3= Table 314914 Hlwstith 97|14 S= AAE PIEZ FARE Aolt). o] @At 3
A MW= 0250 < n/L < 02703 34 < S [m] < 56019, AlEdoldo= ALkt g 3
= 0.280 < n/L < 0.329F 24 < S [m] < 5822 Yeytth Table 3.15& o| AL A&
olde] eAE WWEHT Aot} Autel we} eake] A7|7F vEANL 5FF Advbe] o4t
o] Pt 10.16%E HoET
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Table 3.14 Calculation comparison of ship bank interaction

n/L S [m]
Ship Type
o] 2 A4k A& ol o] EA Ak Al Edol A
Container
0.266 0.296 55.5 51.3
(over Panamax)
Container
0.261 0.31 55.2 57.5
(Panamax)
Bulk carrier
0.269 0.298 41.9 36.4
(Panamax)
Car carrier 0.265 0.283 34.3 24.2
LNG carrier 0.26 0.297 47.7 41.3
Table 3.15 Error analysis of ship bank interaction
Ship Type olE2A (A) | AlEdlelA (B) | (A-B/A)*100 LAk (%)
Container
55.5 58.6996 -5.76505 5.7
(over Panamax)
Container
55.2 67.794 -22.8152 22.8
(Panamax)
Bulk carrier
41.9 41.26 1.527446 1.5
(Panamax)
Car carrier 34.3 27.90802 18.63551 18.6
LNG carrier 47.7 48.79275 -2.29088 2.2
b 10.16
o T . - 39 -
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343 nIFAH A Ao 2l A¥E HF

D tiarAEr A 2 AdzA

] vwo X &= 7(4

(ld

Adute] & AdRks mEXM FHsE 7-f(head-on  encountering)ol] THI A AIgH
hddutst ddxdS Table 316014 UYEMSITE HZFAES =AIRE Fig 3149 pe F
Auke] FAAS FHAZE nlst, ¢ F Adte SAA o] FAYE it 4

S p/T=13, Aure] &S 1knotsE  AAEATE BLALE 98| 050L~0.7LY]
go| dags FAGAFE o835k
O Ak,

Table 3.16 Simulation scenarios for verification of head-on encountering

Loa Breadth Draft Depth
Model n [m] n/L
[m] [m] [m] [m]
149.5 0.5
MCNTR 5 299 37.1 13 16.9 173.4 0.6
202.3 0.7
144 .95 0.5
CNTR 19 289 32.2 12 15.6 179.4 0.6
209.3 0.7
115 0.5
BLK 7
230 32 12 15.6 138 0.6
Panamax
161 0.7
99.55 0.5
CCR 6 199.1 32.26 11.02 14.33 119.5 0.6
139.4 07
144.95 0.5
LNG 4 289.9 447 11.9 15.47 173.94 0.6
202.9 0.7

_40_
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Fig. 3.14 Coordinates of Head-on encountering (Andou, K. et al,,

2012)
Bl 5% E£R7 o 2A0E T Aube] w90 g Auke Fig 3149 HE
AlA 2 G-3sk 2ol HRATIe] SEWHAL Uehd 2 ik Aute] 22 E3js

upo] 2
£ A% 2o, vEAE AN BRTL 002 B2, 4 (3L o8t Bt 44

3% tHAndou, K. et al, 2012).

—Cp+ Y 6+ Y6=0 (30)

—Cye+ NyB+ Nso =0 31

- C’ﬂ\/[c+ N;S(S = 0 (32)
Ch.

b=~ (33
N(S

3) EFAIA - EFZ 4P R (MCNTR 5)

n/Le 05~079] dPehe IFmEEES] Iagst fAGAFE Fila, 4 @3S
olgdte] Bt T F gtk ol@AMAME 15EA e IAYUE AEaNTh

-—

it
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Table 3172 Jutzg ool ZHolUAe B3 FAYE Fole WHe

e

Zlo|tt.
Table 317 Rudder calculation of MCNTR 5
L .
MCNTR 5 n/ .
0.5 0.6 0.7 07 ‘\_
Cninr(max) 0.0148 0.0043 0.0004 o ¢
Y, 134 1.34 134 . D'S *
7 04
N, -0.457 -0.457 -0.457 i
7 : y=-0.0082x+0.6843
Ys -0.072 -0.072 -0.072 02 3 =09341
N; 0.036 0.036 0.036 01
E}Zt(rad) 0.410 0.118 0.011 0
FJ—Z_}- 0 5 10 15 0 15 30 35
23.52 6.82 0.64 rudder angle &)
(degree)

4) EFZALE - Container Panamax(CNTR 19)

Y3 HMHOZ Table 3182 duEtag Aoy Ae] Eld3 AT E &SI

Table 3.18 Rudder calculation of CNTR 19

Collection @ kmou

CNTR 19 /L ”
0.5 0.6 0.7 07 ‘\

Camnr(max) | 00142 | 00038 | 0.0003 08 ¢

Y/% 1.312 1312 1312 | Zj *

N‘f -0.0449 | -0.0449 | -0.0449 ’-‘D_S S

Y; -0.0781 -0.0781 -0.0781 . R 20923

N; 0.0391 0.0391 0.0391 o1

E}ZH(rad) 0.364 0.098 0.0089 L ..
(dzie) 08 | 562 | 051 ndderage 3()

49 -



5) BFzHAAL -

9%

Rk

HFH O 2 Table 3.19% et a9 gzt A8 E A&aqh

HIBLK 7 panamax)

Table 3.19 Rudder calculation of BLK 7 Panamax

BLK 7 n/L 08
Panamax 0.5 0.6 0.7 07
Caninr(max) | 0.0115 0.0027 0.0001 05—+
Y, 1587 | 587 | 1587 | Ei ¢
N, -0.553 -0.553 -0.553 =
’ 03 y=-0.0097x+0.6763
Y -0.0696 | -0.069% | -0.0696 0 % 200078
N; 0.0348 0.0348 0.0348 0
E}Z}(rad) 0.330 0.077 0.004 0
T—j—Z_}- 0 5 10 15 20 25 30 35
18.94 442 0.23 ndderangle 5 ()
(degree)
6) EFAILE - th & 7H7H 2] 9(CCR 6)
Y3 WHHOZ Table 3.202 7HE0]9 BN 3 ARE AH=39T
Table 3.20 Rudder calculation of CCR 6
L 08
CCR 6 n/
0.5 0.6 0.7 07 \
Caivr(max) | 0.0210 0.0060 0.0008 08 ¢
' 05 —
Y/? 1.417 1417 1417 o
N, -0.484 -0.484 -0.484 o
; 03 ¥=-0.0050x+ 06853
Y; 200731 | -0.0731 | -0.0731 0 ¥ =080
N; 0.0365 0.0365 0.0365 01
E}Zt(rad) 0.574 0.165 0.022 0
FJ—Z}' 0 5 10 15 20 25 30 35
32.91 9.46 1.27 rudder angle & (')
(degree)
- 43 -
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7) EF4AILE - LNGA(LNG 4)
&

Ut WO Table 321 LNGA 9] B2t} 382 2&31at).

Table 3.21 Rudder calculation of LNG 4

L .
LNG 4 / DS
0.5 0.6 0.7 07
Cninr(max) 0.0176 0.0043 0.0003 0f ¢
Y, 1213 | 213 | 1213 | L *
v ~ 04
Ny -0.382 -0.382 -0.382 o
- 03 V=-0007x+ 0678
Y 00762 | -0.0762 | -0.0762 0 Begmia
N; 0.0381 0.0381 0.0381 01
E}Z}(rad) 0.460 0.113 0.007 0
T—j_Z_}- 0 5 10 15 20 25 30 35
26.41 6.48 0.41 rudder angle ()
(degree)

8) 24

Auto] ThE A REAE o] tielA, o 2AM ABUCIAS o] 83te] A4
ZA3E Table 3.2204 vl 7|4 S FAZE HIEE FAIS Aottt o]EA 4
A Hel= 050 < /L < 0.529F 64 < S [m] < 106°]H, A& olHO= AL A
Hel= 0.53 < 5/L < 0.607 70 < S [m] < 11022 Yelstt) Table 3.232 o] A4 AlE
dole] 9ALE MIENT Zolth A BT oxfe] Azl WsH AL & 5 9

0, 5FFe Adukel eAbo] HitE 7.33%E HAUTH
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Table

3.22 Calculation comparison of head-on encountering

n/L S [m]
Ship Type
o] 2 A4k Al Edol A o] 2 A4k A& ol
Container
0.511 0.5613 105 112.2
(over Panamax)
Container
0.498 0.5452 103.6 109.3
(Panamax)
Bulk carrier
0.516 0.5308 79 74.1
(Panamax)
Car carrier 0.51 0.5968 64.6 70.5
LNG carrier 0.502 0.573 90.7 99.1
Table 3.23 Error analysis of Head-on encountering
Ship Type o] A% (A) | A&l (B) | (A-B/A)*100 LAk (%)
Container
105 112.2 -6.83686 6.83
(over Panamax)
Container
103.6 109.3 -5.46602 54
(Panamax)
Bulk carrier
79 74.1 6.222785 6.22
(Panamax)
Car carrier 64.6 70.5 -9.07567 9
LNG carrier 90.7 99.1 -9.22018 9.2
o+t 7.33
N - R — - 45 -
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D oiddur Ay 2 Az A

Adute] o Auks FYske 7-F(two ships in overtaking)oll T3l AT th/dAd Bkt
AP2E Table 3.24014 Yepdth HFAE =A% Fig. 3159 p= 7 Auke] F4A
kel FHALYE 9rlsiH, ¢ F AR FAH Y FAZE 9uidt. o4 21

g £%e Sknots®  AASATH

Ve Eacia=s
Table 3.24 Simulation scenarios for verification of overtaking
Loa Breadth Draft Depth
Model 7 [m] n/L
[m] [m] [m] [m]
1495 05
MCNTR 5 299 37.1 13 15.6 1794 0.6
209.3 0.7
144.95 05
CNTR 19 289 32.2 12 144 173.4 0.6
202.3 0.7
115 05
BLK 7
230 32 12 144 138 0.6
Panamax
161 0.7
99.55 05
CCR 6 199.1 32.26 11.02 13.2 119.46 0.6
139.37 0.7
144.95 0.5
LNG 4 2899 447 11.9 14.28 173.94 0.6
202.93 0.7
F . - - - 46 -
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1

Fig. 3.15 Coordinates of overtaking (Andou, K. et al., 2012)

B2t g% E£F7 o) 2A0E FUshs Aol QY& AMe Fig 3119 REACNA 4
(4-G6)St 2ol BHFE] LHHAS U = ek HFEAE A9sh AR

4, =
RS 022 3ta, 4] (37)& o] &3t Ezhs 4HAsTtHAndou, K. et al., 2012).
— Cppp+ Y 8+ Y;0=0 (34)
— Cyor + N B+ N3 =0 (35)
~ Cppy + N56 =0 (36)
b= CM @37

3) BFZAIE - EFZE AP (MCNTR 5)

n/Le 05~0.79] dBsls IFEAES] HAgs FAYGATE T8k, 4 (7)<
olgst] Bzt 7€ Utk o|@AILNAE 5ol sddte IATE 4SStk Table

Collection @ kmou AT



3.5+ et ag o)de] AeoluAe el FALE Fole HHS UER Zlolth
Table 3.25 Rudder calculation of MCNTR 5
L |
MCNTR 5 / ”
0.5 0.6 0.7 07 ‘L\\
Cninr(max) 0.0135 0.0039 | 0.00031 s ¢
: 05 \4
Y, 134 1.34 -1.34 o
7 04
N, -0.457 -0.457 -0.457 o
- 03 ¥ = 00088+ 05837
Y; -0.072 -0.072 -0.072 02 R'=09353
N; 0.036 0.036 0.036 01
E}Z}(rad) 0.375 0.1083 0.0086 0
0 5 10 15 20 25 30 35
E}Z} o
21.4875 | 6.2075 0.493 rudder angle & (°)
(degree)

4) EFZHAI4E - Container Panamax(CNTR 19)

9%

g WHO R Table 3.26:2 dupeksg

Aol yAle] ezt AT E 4l

Table 3.26 Rudder calculation of CNTR 19

sk,

Collection @ kmou

n/L o
CNTR 19 ‘
0.5 0.6 0.7 07
Cmvr(max) | 0.0189 0.0038 0.0003 05 ¢ —
Y, 1312 1312 1312 || ” ”
7 04
Ny -0.0449 0.0449 | -0.0449 s
- y=-0.0065x+0.6734
Y; -0.0781 -0.0781 -0.0781 02 =088
Ny 0.0391 0.0391 0.0391 "
0
E}Z}(rad) 0.4843 0.098 0.008 0 s W 15 oW B P
E}Z} rudder angle & (°)
27.75 5.67 045
(degree)
- 48 -




5) Et4AI4E - s F(BLK 7 Panamax)

FUT PYOE Table 3278 Thwhai WM B2 WSI% FAUE WEsAh

Table 3.27 Rudder calculation of BLK 7 Panamax

BLK 7 n/L .
Panamax 0.5 0.6 0.7 07
Cainvr(max) | -0.0076 -0.0021 | -0.000085 05 —¥
; 05 \e,
Y, -1.587 -1.587 -1.587 dus
Nj 0.553 0553 | 0553 | C,
_ - y=-0.0151x+ 0.5808
Y -0.0696 -0.0696 | -0.0696 02 R
N; 0.0348 0.0348 | 0.0348 o
0
E}Z}(rad) -0.2183 -0.0603 -0.0024 o 5 W 15 0w 5 W B
Z mudderangle & (°
e 12513 3.45 013 e o)
(degree)

6) EFAIAY -t 87170 2] 6} (CCR 6)

23l W 0 Table 328 7HEl0] o) Bzt A A AE3UT)

Table 3.28 Rudder calculation of CCR 6

n/L
CCR 6 04
0.5 0.6 0.7 ol
Cninr(max) | -0.01491 | -0.00418 | -0.0004 05 Y\
Y, 05 \w‘
5 -1.417 1417 1417 -
7 04
N; 0484 | -0484 | -0484 | .
- : y=-0008Tx+ 0.6B3Z
Y -0.0731 | -0.0731 | -0.0731 02 E=09278
! 01
N; 0.0365 0.0365 0.0365 :
E}Z}(rad) -0.4101 -0.1145 -0.0113 c 5 b 5 2 B N B
rudder angle 6(°)
Z z
e 23.49 6.56 0.65
(degree)
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7) EF4AILE - LNGA(LNG 4)
&

Ut WO T Table 3.29% LNGA 9] B2t} 38 S 2&31dt).

Table 3.29 Rudder calculation of LNG 4

n/L
LNG 4 08
0.5 0.6 0.7
07
Cninr(max) -0.0158 -0.0041 0.0003 06 ;
Y, 1.213 1213 1213 o +
7 %‘04
Ny -0.382 -0.382 -0.382 0
7 ’ y=-0.0079x+0.68
Ys -0.0762 -0.0762 -0.0762 02 & =09208
4 01
N; 0.0381 0.0381 0.0381 .
E}Z}(rad) 04146 | -0.1076 0.0078 0,55 ©w 5 0 5 & %
g7t mdder angle & ()
23.76 6.16 0.45
(degree)

8) LA

Adete] g Auke Fdshs A5l theliA, o]@Alkt AlEdolds ol8ste] AlLkd
A#E Table 3.30014 BlustAth A7]A S FAE PlEE FAF Zlo|th o] &ALt
A A= 0.71 < /L < 0.758F 106 < S [m] < 17009, A& old o= ALkt 7
M= 0.60 < n/L < 0.65¢F 95 < S [m] < 1552 = YEhsith Table 3.31 o] A4 Al

gojde] exE HlwEAg Ziojth. BLK Panamax®] Aubs AlQlgt 43| duke 10% ols}
E FABAL, 5FFe A exte] Hitd 947T%E Rtk
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Table 3.30 Calculation comparison of overtaking

n/L S [m]
Ship Type
o] 2A Ak Al Edol A o] 2A Ak Al EF oA

Container

0.74 0.64 169.1 154.0
(over Panamax)

Container
0.72 0.64 163.2 153.0

(Panamax)

Bulk carrier
0.74 0.61 128.4 108.3

(Panamax)
Car carrier 0.73 0.64 106.9 95.8
LNG carrier 0.72 0.64 150.1 140.8

Table 3.31 Error analysis of overtaking

) (A-B/A)*100
Ship Type o] ZA4F (A AledelA (B
p Typ (A) (B) - ot (%)
Container
169.1 154.0 8.917327
(over Panamax)
Container
163.1 153.0 6.180196
(Panamax)
Bulk carrier
128.4 108.3 15.65421
(Panamax)
Car carrier 106.9 95.8 10.41949
LNG carrier 150.1 140.8 6.171885
= 947
e o . - 51 -
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35 AlEFCIE Y Y F37<9 AF BE FTHEH

AutzEAEdolH e Y 4 7]
EAL L fARRE AutzFAEdolE e Autrde HASAT 15572 Au oA o2
Alkoll AR ek} Al 3719 AlEYolE R 5FRE ATEII duto] S¥&
o3 Sashe A8 ship-bank interaction) h/7=1.29] sGell4 Aute] &85 TknotsE 4
At BHAARES S8l 0.20~04L9] FAeE T AlEdelds Faste] dAad 1H4
Hol Aagst FAEATE ol &t B WS A=t e B bl Wik I
£ 9oz Akt

)
lo
o
ot
krt
it
Y,
olN
p‘h
N,
Ho
p‘h
£
e
re
i
ey
Z
{o
o

o] AN AlEHeldS o83t AR A, o]BAI4Y] FAE= 34 < S [m] < 569]
H, AlEgolder A4t A= 24 <S [m] < 5822 Yehgth o241k AlEd oA
o] A5 Wlug A3, 57 Aube] eAke] Bt 10.16%= AP E AT

Aebol B Adhe v Fatets 7d-f(head-on encountering)= 1/ T=1.32] < ollA
T aduke] &2 12knots2 AT EFZAIARE 98l 05L~0.7Le] FAYE Fa AlE
oldE st AR AdHe| vIFH FAFATE ol8st] B WE dEsha,
3 B 15kt AAEE Jo= Aktsiint o]kt AlEdolde o8t A
Ahgt As, o] 24140 FATE 64 < S [m] < 106019, AlEFHolHoR Akt FA= 70
<S [m] < 11002 vehstth. o|&AR A Edgolde] o158 Hud A3, 55/ Adute]
o] B2 7.33%E Btk

0

o

Auto] 2 AMukS k= 7-MHtwo ships in overtaking)s= h/ 7=1.22] oA FLA

o] & 12knots, W59 &£ SknotsZ AASHATE VAL &) 0.5L~0.7L9]
AYE Fi Algdolde AAste] BT M E e v Agst FAYAFE ol &8t B
HE e, s B S=oll tie AR E o= Aldteiiith ol &AMt AlEdH 0l
A& olgste] At s, o]@Arte] F7E= 106 < S [m] < 17001, Al&goldoe=
ALk A7 M= 95 < S [m] < 15502 Yehyth Hads AL 489 ek 10%
olslE A8 L, 5] AdHre] exte] W2 9.47%E HAt

Table 332 37HA 4] d3ollA 557 Rlseqt Auks o2 o] @AM 4]} Al
EHolde o] &3t ALt £A9 Hit AE A2l Zlolth Table 3.320014 HE uiot
Zo] MutzFAEgolE Y Y F47 HAa 7.33%, HA 10.16%= H+ 8.99%E H

Y
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rlo
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gty Qo] MUTl S48 P9 vwd Azt 10% olule] o342 7kl AL slsgTh

Table 3.32 Final error analysis of hydrodynamic interaction in simulator

Hydrod ic interacti _
ydro yn.amlcj interaction sn g nAE Bz oAt (%)
situation
Ship-bank interaction h/T=12, &=5° 10.16
Head-on encountering h/T=13, &=15° 733
Overtaking h/T=12, &=5° 9.47

oo} go] AFH AMEFABUCIHE BEo] Huto] AFAS FASHE A, v1FA)
Aol ke Al g4z HEe =EeT Bz

< ANt AT Y E =St g

il
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Fig. 4.1 Research flow for distance of safe passing considering

ship to ship interaction (Andou, K. et al., 2012)
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411 NEF o)A gt

Table 4.1~4.4= AEdolAS T3 A o dure] Ads Aelst 2122 Table 412
S AEYAYE SN sl 12He shieiag Auolus el 479
Hure] A olu], Table 429 Teble 43 o8 SHAEYAE =257 A3 spetsag
Aejoludnct 21 ae chdt R Huke

4

HeluAlnet E57) 2 ke 4

AW
[

K] 1T}, Table 4.4% shputag 7
& o2 =ty Aoy a VLCCE AdS &
St o714 CNTR-& container ship, BLK+= bulk carrier, PCF+= passenger car ferry, FTS
+ fishery training ship= ¢Jw|3laz, OT+= oil tanker, PCS+= passenger cruise ship, ITB+=
integrated tug barge, RRPF&= ro-ro passenger ferryS 2]w]gic}.

Table 4.1 Main particulars of different ships in size and type

Designation | Own ship(L,) Target ships(Ls)
Model no. CNTR 19 LNG 6 BLK 7 PCF 2 FIS 1
Ship type Contzfliner ING Bulk carrier | Passenger car 'Fi'shery .
ship Panamax ferry training ship
L/ L, - 0.80 1.26 1.65 3.11
Disp. [ton] 66,700 171,300 69,580 20,300 3,300
DWT [ton] 59,500 125,700 50,100 3,832 -100
Loa [m] 289 360 230 175.4 93
Lpp [m] 273 346 218 154.2 83
Breadth [m] 322 55 32 315 149
Draft [m] 6.65
Image
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Table 4.2 Main particulars of the ship models for simulation of length ratio
(0.7<L1/1,<1.2, T;>Ty)

Designation Target ships(Lo)
Model no. CNIR 8 PCS 6 LNG 4 OT 3
Ship type Container ship Passer;iei; cruise LNG Oil tanker
Ly/L, 0.76 0.80 119 119
Disp. [ton] 166,397 71,222 110,710 67,850
DWT [ton] 153,500 11020 72,300 59,708
Loa [m] 382 350 289.9 242.8
Lpp [m] 366 315 276 228
Breadth [m] 54.2 38 44.7 32.2
Draft [m] 11 8.5 11.9 11
Image CNIR 8 LNG 4
PCS 6 CCR 6
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Table 4.3 Main particulars of the ship models for simulation of length ratio
(L4<Ly/L,<2.4, T;>Ty)

Designation Target ships(Ly)
Model no. CCR 6 ITB 450 RRPF 11
Ship type Car carrier Integrated tug barge Ro-ro passenger ferry
L/ L, 1.45 2.02 2.31
Disp. [ton] 39,282 19,960 6,110
DWT [ton] -100 16,459.96 1,204.5
Loa [m] 199.1 142.8 125
Lpp [m] 189.9 138.82 107
Breadth [m] 32.26 30.33 18.25
Draft [m] 11.02 6.06 5.25
Image

Collection @ kmou
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Table 44 Main particulars of the ship models for simulation of length ratio
(0.7<Ly/Lo<1.2, To<Ty)

Designation Target ships(Lo)
Model no. CNIR 20 CNIR 12 VLCC 7 VLCC 6
Ship type Container ship Container ship | VLCC suezmax | VLCC aframax
L/ L, 0.73 0.83 1.03 1.16
Disp. [ton] 211,405 144,500 189,406 125,537
DWT [ton] 198,000 131,938 163,545.3 106,896.4
Loa [m] 3977 347 280.5 2499
Lpp [m] 376 331 270 239
Breadth [m] 56.4 452 50 44
Draft [m] 15.2 135 16.62 144
CNTR 20 VLCC 7
Image
VLCC 6

412 B9 A
T Auke] =AM 7ke] FAE(stagger, ©)= 24 (38)F o] TatASEIUTE o7|M L&

Zd(own ship)e] AAolH, L,+= “JtiAd(target ship)e] A& o]t

2 39)

Aotz BHolAe Saste]l B23 T Autel Y Xur Vi Moot 4 G99

_58_

Collection @ kmou



2ol Fardstsiith

XINT YINT NINT
C. = = = 39
XINT 1 UQLT YINT 1 UQLT ‘NINT 1 U2L2T
o o o

42 AFA SN Y A FIATY 4

2 AT HHE Muky Mube] 7hAgs 1y
42| = F5Fb Auke] 714 (ship to bank interaction)o] of
E3sh= Aol A 7HdZ(moored ship passing interaction) s =Z&3tal, EFZAAHS
NHEIAYE TEstAl St

ok
2

=

oft

o

N

r M
1

rc

4

4
-3

m

rO

ok

421 43=1 44

Fig. 4.29} o] R Hd z<etst }&kol 0535° =2 &
FHah= Akl &2 WE AAEFAE == ) AlEGolAE st o714
n{— T4 (passing ship)e] FAAdelA AlFAl(moored shlp-‘ﬂ FAAA S FHAGo|H, ¢

T A SAAM 3He] FA(staggenela, Sw F AdEbel AA|(hul) 3+ FEAQ
FA %8 2l(distance of safe passing)o]™, 2] (40)3} Zo] & 4= St}

5
rx
o,
o
|\
o
-z
el
o
o
o
ro
ok

bl
oo

r{r

O

B, + B,

5 ) (40)

S=n—(

o,
18

o Aol b/ 1=1.291 A et AH oMol Tknots, 9knots, 12knotsZ A
INGA, HaA, 7198, ogdEe %ﬂf‘s = AlEHOAS ST T
U ko] Holgh £ A3EES 188t tHKim et al, 2012). EbzbAAte] 2

S T3] AA n/Le] Mele oF 02072 T A oH, Z2ke] q/Lof
AEE =53 T 84S At 0-35% o] #tke AEsith

2
o 2

e
JE

fo
rok

4

=(I)L_4‘
ofl
[NV

ahe

Collection @ kmou 7



Fig. 4.2 Diagram of passing ship and moored ship

2) Aod A FTEAY ABE A Aol A4
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om, Table 4.19] 42°] HdukS 2318t Table 4.29} Table 4.3¢] Auhs djdo= A

4 o] $41S manceuvering speedol Al EFEZL 75 n/T=129] 2OZ AAT AS
o 71ZA9 getagd AeloldAnt Ajde] E47 & A9 e AvE Y= F
9T}, Table 4.29} Table 4.3 AT} Aehalel Zojule] W7} 0.7 < L,/L, < 24019, %
el E471 712490 shdetag AeoliArtt Ze AT, > T)olH, Table 44+
driadol Adel E4nTh 2 Aol ANT, < Tp)= BRI Table 449 3¢ 424/
Ao E50 vzt b/ T, =12Y o), $4/71849 59 vl 14 <h/T, <1.69 H9
o]t}

Sz h/T=12004 syetegd ejeluAe] knotsE AFAIS) HHO|UA, e,
INGA, BAX, M34, 7blee), dBA, shule), 2RdAHe Exsls ARHoAS &
Pt ez BoF S T shAl /Lo EE oF 02-072 T AA

_60_

Collection @ kmou



stglom, Zt7te /Lol dgshe HdEes 22 § B Alktete 0-3B5% oluje it

4.2.2 NEH A A3

TN b/ T=1.2014 FFo AFE gefst Auks shyag ZH o Aol Tknots, 9knots,
12%knotsZ F3743 uf tASA T3 = Je ALE AESAT FAL b/ T=129] 2L
2 5 A Foll &4 Bu 742 AukE VEoE AN, EEH HHdFIAZE A
Auke] Z7t sty AEoly 4

D 4574 o3 2t kel 93 24

r_u
_Q
2
rlo
ol
o
o
riu
ol
o
(Ve
Sh
]
Sé
)

Fig. 43 FFo s AFHdes T4 of 2+ Adute] #-8ah= 114 9(hydrodynamic
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o 3Fst=S 3EASFH THOzersky and Rogozhina, 2016).
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Fig. 4.3 Definition of hydrodynamic interaction forces for

moored ship passing
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Fig. 44 Non-dimensional surge forces of moored LNG carrier and passing container ship
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Fig. 45 Non-dimensional sway forces of moored LNG carrier and passing container ship
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Fig. 4.6 Non-dimensional yaw moment of moored LNG carrier and passing container
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Fig. 4.7 Non-dimensional surge forces of moored passenger car ferry and passing
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Fig. 4.8 Non-dimensional sway forces of moored passenger car ferry and passing

container ship
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Fig. 4.9 Non-dimensional yaw moment of moored passenger car ferry and passing

container ship
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Fig. 4.10 Non-dimensional surge force of passing container ship according to the

water depth (Moored ship passing)
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Fig. 4.11 Non-dimensional sway force of passing container ship according to the

water depth (Moored ship passing)
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Fig. 4.12 Non-dimensional yaw moment of passing container ship according to the

water depth (Moored ship passing)
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4.2.3 BF4A%}

3ol AREolE wdlo] AT AFS 95 AHSH MUTS) AR B2 A
a1, BEEE 99 LA 050 el aERAE =,

st Aeeluie] ARAS INGA, WA, 7hsle], ol 854 Tknots, knots,
12knots 2 BsHE ABHCIMS Fase] £2% Ao ATEAES FAY ASE 048
of BlZhe Absldns EaAe) FAMoIA AFAe FAAAA ] FHAGE A

Zol2 Wi 5/L0 WE Hdsin AEgolde AAEe Exae) IJTEEHES 219
s}kl Oyl AdftE 730 A Edolds sdste =23 T3] A 3FEiE
o} FAE ASLE MUTS F 2o tidatd /Lol sigshs etzo] AAE a1, 3AE

e Bl Bed 0= digshs g/Le o2 EE°] 7Hesity. HFH o= AdA)(hul)
ko] FEAYS HHFIAYUE 7T T Atk

Table 4.5 EWA Iupetzgm 78 o]JA(CNIR 19)0] ATl INGHING 6)= 9knots=
A o, Aeojidel A& 3}7‘3 Hd 3 FEHNEE 5/L=04% o 0.018946°]11, 7/L=0.5
o o 0.009447019, 5/£=0.69 = 00036892 =Z=HUTE HIHLAHS o] 8t A
n/L=0.4~0.60] sliFeh= B A4 2785, 138%, bAEE AHHEUTE I -] F4
A(y=-0.0088x + 0.6374)= °l&st x=2 BAEHZ 1050 k= y=2| n/Le 78 -

YT PHOE AL Table 4.6& EH, ity AHO|HA(CNIR 19)°] AFAII

HIMMBLK7 Panamax)< %knotsZ T wf, ZAgolyXMd Zgsl= Hdl 3 FEUHEES
n/L=0.3% ™ 0.0146°]1, 5/£=04% o 0.0063°1", »/L=0.59 =} 0.00172 ==tk 3%
oA AHEE MLITS HFWFAS olgste] ALt 5/L=0.3~0.59] sidshk= ek 22
215%, 9.3%, 25== APFEIT: A 199 FA4(y=-0.0103x + 0.5139)< ©]-&st xF
o] BAEH} 10=0) aidele y=9| o/Ls 7 7+ Uth

Table 4.73} Table 4.8 ety Ae|ojyAde] AlFAQl 7Huelet o ddEFAS dknots
2 FHste Aol ug gAALE AAIR Aotk ARl 7] Ao B
n/L=0.3~0.52] TZrolA 154%, 57%, 0852 AHAEJ, ARl ofgiFAel 7
B} 1/ 0=0.2~0.42] FZroA 129%, 6.1%, L1EZ 4APFE ST
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Table 49 AE#o]El7k HAgH Ar) FAVLCC 0] Zojd ZE|o]LIACNIR 200
Gknots2 B3t Aol T BrAALE AAG Astolth. VLCC WAEhE Ad)
WESE VLCCS A8 A%E ol &3te] y/L=06-0.70] Fh= B2 ANt B3
olgsto] AN 5/L-06-070] AFHE BFZHe 217} 1675, 90, 3952 A-EH

[e)
A

A

Table 4.5 Rudder calculation of container ship passing on moored LNG carrier

CNTR 19 /L .
Panamax 0.4 0.5 0.6 05 &
Canvr(max) | 0.018946 | 0.009447 | 0.003689 . \

Y, 4312 | 1312 | -1312 o X

N, 0009 | 0019 | o008 || o

Y; 00781 | -0.0781 | -0.0781 02 S

Ny 00391 | 00391 | 0.0391 o1 oo

B} ztrad) | 04845 | 02416 | 0.0943 e E——
(di?ee) 27.8 13.8 5.4 rudder angle 5 (')

Table 4.6 Rudder calculation of container ship passing on moored bulk carrier

Collection @ kmou

CNTR 19 n/L 07
Panamax 0.3 04 0.5 05
Cninr(max) 0.0146 0.0063 0.0017 05—
Y, -1.312 -1.312 -1.312 n '\.\
N; -0.0449 | -0.0449 | -0.0449 Fos .
Y(;, -0.0781 | -0.0781 | -0.0781 02 S —
N 0.0391 0.0391 0.0391 0 R=08741
E}Zt(rad) 0.3751 0.1626 0.0436 0
FJ—Z}' 0 5 10 15 20,, o 25 30 35
21.5 9.3 25 mudder angle 6 (°)
(degree)
- 69 -




Table 4.7 Rudder calculation of container ship passing on moored passenger car ferry

CNTR 19 /L 07
Panamax 0.3 04 0.5 06
Cani(max) | 00105 | 0.00387 | 0.00055 05 e
Y, 1312 | 1312 | -1312 o \
N, 00449 | 0049  -00u9 || = o5 .
Y, -0.0781 | -0.0781 | -0.0781 0 _
N; 00391 | 00391 | 0.0391 . Teoma
E}Zt(rad) 0.26901 0.0990 0.0142 .
T_q_z_}. 0 5 10 15 20 25 30 35
(degree) 15.4 5.7 0.8 rudder angle & ()

Table 4.8 Rudder calculation of container ship passing on moored fishery training ship

CNTR 19 n/L 07
Panamax 0.2 0.3 04 06
Cninr(max) 0.0087 0.0041 0.0007 o
7 y=-0.0169%+0.4129
Y, -1.312 “1.312 -1.312 x R*=09934
; < '\
N, -0.0449 | -0.0449 | -0.0449 =,
Yy -0.0781 | -0.0781 | -0.0781 ., \
N; 0.0391 0.0391 0.0391 .
E}Z}(rad) 0.22462 | 0.10721 | 0.01887 .
1:/]_7_]- 0 5 10 15 20 25 30 35
12.9 6.1 1.1 rudder angle & (*)
(degree)
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Table 4.9 Rudder calculation of VLCC passing on moored container ship

L
VLCC 8 / DS
0.6 0.65 0.7 07 #-\r\
Cani(max) | 0.01285 | 0.00691 | 0.003 0 +
Y, 1658 | -1.658 | -1.658 || "
7 ~ 04 =
N, 0564 | -0564 | 0564 || % e
Y, 20.088 | -0.088 | -0.088 0
N; 0.044 0.044 0.044 01
E}ZH(rad) 02922 | 0.1571 | 0.0682 ’
0 5 10 15 20 15 30 35
F/]—Z} 16 7 9 0 3 9 rudder angle 6 (o)
(degree) ' ' '

= S ol&sto] il Aol7h vefdt Aol gt AR T
AAFTIAYE Y & Aok Fig 4132 detag HOPHA(CNIR 19)0] Befet Aol
o] e Y%knotsZ T3S wf, T AAsH= A HFEAES} FAY AE ol&
sto] Aket AElolvAde] e e 2=z yehd Aot Algdelde FHEt x5
o Bto] BHEE FA F2 AW IFEHANEE E=Eskoith $A ALk INGA, "4, 71
#Hzle] A= Fig. 4139 F7Fstth

O

CEERERIE
o $Ix8taL, 53
o] $Ix|3k ek,

P
T A

2HE(CNIR 8 LNG 6, PCS 6, LNG 4 /L9 F%to] 0.4~0.6
A7]1¢] vk 22(O0T 3, BLK 7, CCR 6)& n/Le 7%l 0.3~0.59]
Fiide] Aozt FotdeE FAMY y= p/L TR0l BoAlE Ae &
FARE o] &3t x5 B 0= sidete y= n/Ls 78 F A3, F

FAoz AA 2] FHAL FAFPANE 22T F Ank
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o7 07 07
06 + 06 + 06
05 ‘\v\ 05 \é\ 05 '\.
04 4 04 < 04 4
d 2 4
Fos Tos Fos
02 ¥=-0.0078x+ 0.6542 02 ¥=-0.0088x7 06374 02 R y—
o R =0984 o1 R*=0.9804 o1 R*=0972
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Fig. 413 Range of rudder angle and lateral distance of panamax container ship passing

on moored LNG carrier according to the ship’s length (9knots)
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Fig. 4.14 Range of rudder angle and lateral distance of panamax container ship

passing on moored LNG carrier according to the water depth (9knots)
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Fig. 4.17 Non-dimensional surge forces of LNG carrier and container ship

0 0. 3 T T
— =03 | | || —n,=03
---nlL=04 ‘ ‘ | ---nL=04

n/L,=0.5 n/L,=0.5

CY\NT

0. 5 1.0 0.5 0.0 0.5 1.0 15 0. 5 1.0 0.5 0.0 0.5 1.0 15
(@) LNG carrier (course 180°) (b) container ship (course 000°)

Fig. 4.18 Non-dimensional sway forces of LNG carrier and container ship
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Fig. 4.19 Non-dimensional yaw moment of LNG carrier and container ship
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Fig. 4.20 Non-dimensional surge forces of passenger car ferry and container ship
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Fig. 4.21 Non-dimensional sway forces of passenger car ferry and container ship
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Fig. 4.23 Non-dimensional surge force of container ship according to the water
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Fig. 4.24 Non-dimensional sway force of container ship according to the water
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Fig. 4.25 Non-dimensional yaw moment of container ship according to the water
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Table 4.14= AE#olE7} B3 A E4(VLCC 8)3 Zthd ZE|o]|{H(CNIR 20)°]
1knots® wlAH Fdhsl= ol it BAAMS AARE Aot VLCC TAYsh=
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Atk BEWAA S o] 8ated AL 5/0=0.6~0.89 dFsh= B 2 2405, 94%, 2.2

=2 A%

Table 410 Rudder calculation of container ship encountering LNG carrier

CNTR 19 n/L 07
Panamax 0.55 0.6 0.65 05 ‘\;—
. . . \
Cainr(max) | 0.0216 0.0125 0.0066 05
Y, 13120 | -1.3120 | -1.3120 Lo
N, 0.0449 | -0.0449 | -0.0449 oz e
- y = ; X+ 86
Y -0.0781 | -0.0781 | -0.0781 . R=0384¢
N; 0.0391 0.0391 0.0391 .
E}Z}(rad) 0.5529 0.3184 0.1680 0
7 0 5 10 15 20 25 30 35
(dEH ) 31.7 18.3 9.6 rudder angle & ()
egree

Table 411 Rudder calculation of container ship encountering bulk carrier

CNTR 19 n/L 07
Panamax 04 05 0.6 06 Q\
Cunr(max) | 00224 | 0.0068 | 0.00083 ” '
Y, 1312 | 4312 | 4312 || ¢ o *
N, -0.0449 | 0.0449 | -0.0449 o
Y, -0.0781 | -0.0781 | -0.0781 02 = DSOS
N, 00391 | 00391 | 0.0391 01 R
E}Z}(;ad) 05745 | 017416 | 0.0213 s e w w a
(dijee) 32.9 10.0 1.2 rudder angle & (°)
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Table 4.12 Rudder calculation of container ship encountering passenger car ferry

CNTR 19 n/L
Panamax 03 04 0.5
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Table 413 Rudder calculation of container ship encountering fishery training ship

Collection @ kmou
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7 0 5 10 15 20 25 30 35
(dijee) 10.5 26 0.3 rudder angle 3 (°)
- 85 -




Table 4.14 Rudder calculation of VLCC encountering container ship

09
VLCC 8 /L L
0.6 0.7 0.8 N
Cunr(max) | 00184 | 00072 | 0.0016 0s +
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7 02
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Fig. 4.26 Range of rudder angle and lateral distance of panamax container ship

encountering LNG carrier according to the ship’s length (12-12knots)
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Fig. 4.27 Range of rudder angle and lateral distance of panamax container ship

encountering LNG carrier according to the water depth (12-12knots)
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Fig. 4.28 Diagram of two ships in overtaking
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Fig. 4.29 Definition of hydrodynamic interaction forces for two
ships in overtaking
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Fig. 4.30 Non-dimensional surge force of container ship and LNG carrier
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Fig. 4.31 Non-dimensional sway force of container ship and LNG carrier
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Fig. 4.32 Non-dimensional yaw moment of container ship and LNG carrier
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Fig. 4.33 Non-dimensional surge force of container ship and passenger car ferry
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Fig. 4.34 Non-dimensional sway force of container ship and passenger car ferry
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Fig. 4.35 Non-dimensional yaw moment of container ship and passenger car ferry
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Fig. 4.36 Non-dimensional surge force of container ship according to the water

depth (Overtaking)
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Fig. 4.37 Non-dimensional sway force of container ship according to the water

depth (Overtaking)
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Fig. 4.38 Non-dimensional yaw moment of container ship according to the water

depth (Overtaking)
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Table 4.15 Rudder calculation of container ship overtaking LNG carrier

CNTR 19 n/L
Panamax 05 0.6 0.7
Cur(max) | -0.0136 | -0.0054 | -0.0013
Y, -1.312 -1.312 -1.312
N, -0.0449 | -0.0449 | -0.0449
Y; -0.0781 | -0.0781 | -0.0781
N; 0.0391 0.0391 0.0391
E}Zf(rad) | -0.3492 | -0.1386 | -0.0344
E}-Z}
(degree) 20.0 7.9 2.0

0.8

07

0.6

05

d
= 04

03

02

01

0

&

T

+

y=-0.0107x+0.7066
R?=09A33

5 10 15 20 25 30
rudder angle 6 ()

Table 4.16 Rudder calculation of container ship overtaking bulk carrier

Collection @ kmou

CNTR 19 n/L o
07 — 0

Panamax 03 04 05 7 V= o:o?z 9+T 25195
Cunr(max) | -0.0206 | -0.0093 | -0.0027 /3

Y, 1312 | 1312 | 1312 e T

; = ”

N, 0.0449 | -0.0449 | -0.0449 = .

Y; -0.0781 | -0.0781 | -0.0781 02

N(; 0.0391 0.0391 0.0391 01
E}Z}(rad) -0.5280 -0.2396 -0.0701 0

F/]—Z} 5 10 15 20 25 30

30.3 13.7 4.0 rudder angle & (°)
(degree)
- 100 -




Table 4.17 Rudder calculation of container ship overtaking passenger car ferry

CNTR 19 n/L

Panamax 03 04 0.5

Caivr(max) | -0.0138 | -0.0044 | -0.0006
Y, 1312 1312 1312
N, -0.0449 | -0.0449 | -0.0449
Y; -0.0781 | -0.0781 | -0.0781
N; 00391 | 00391 | 0.0391

E}Zf(rad) | -0.3551 | -0.1144 | -0.0162
E}Z}

(degree) 20.3 6.6 0.9

0.8
0.7
0.6

05

d 0.4

=
03

0.2
01

0

y=-0.0097x+0.4502
R* =0.9443

&

e

+

0

3 10 15 0 25 30

rudder angle & ()

35

Table 4.18 Rudder

calculation of

container ship overtaking fishery training ship

CNTR 19 n/L o8
07

Panamax 02 03 04 g y= -[;?1:2;: ;7044154
Canvr(max) | -0.0122 | -0.0061 | -0.0010 o

Y/? -1.312 -1.312 -1.312 e \

N, -0.0449 | -0.0449 | -0.0449 03

Y, 00781 | -0.0781 | -0.0781 02 \

N, 0.0391 0.0391 0.0391 01
E}zb(rad) | -03126 | -0.1569 | -0.0268 0

7 o 5 10 15 20 25 30 35

e 17.9 9.0 1.5 rudder angle & (°)

(degree)
- 101 -
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Table 4.19 Rudder calculation of VLCC overtaking container ship

L 08
VLCC 8 n/ N ,
0.6 0.65 0.7 N — ,
Cunr(max) | -0.0197 | -0.0099 | -0.0049 0
' .
v, -1.658 -1.658 -1.658 s ——
N, -0.564 -0.564 -0.564 03 R =08671
Y; -0.088 -0.088 -0.088 02
N; 0.044 0.044 0.044 01
E}ZH(rad) | -04478 | -0.2263 | -0.1120 0
Z_}- 0 5 10 15 20 25 30 35
o 25.7 13.0 6.4 rudder angle & (')
(degree)
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ATFE ol&st ALtk HEelUAl e B e S A ZE Uehd Zlolth AlEH oS
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Hax, 7] A34E Fg. 4.399) F7}sksith

@ =7]2] A8k =E(CNIR 8, PCS 6, LNG 48 /L2 F3to] 0.6~0.801 FAlAlo] $x)3}
3, F¥H7]9 Auk m2(OT 3, BLK 7, CCR 6)& 5/L9] F7ro] 0.4~0.79] FA|Ao] 9x)&}
I Utk A&FAATB 450, RRPF 1D 5/L] 73to] 0.2~0.4°] FAlAdo] X3ttt oAl
of Ao} Z&FE FAMY yF /L FIE] WolAlE Ae & F Utk FAMAE o] 83}
of xF9 B 0= ddsle y= /LS 78 F 3L, HFHOE A o] 37

g9l AFIFAYE =ET F Utk

- 102 -

Collection @ kmou



08 08 08
07— 07 % 07
06 \:\ 06 Y\e 06 \*—
05 4 05 g 05 4
%_0.4 !::' 04 IH__ 04
03 v=-00098:+0.7199 03 Y= -00107x+07066 03 y=-001122+07022
02 # 209803 02 % =09633 02 R2=09652
01 01 01
[ 0 0
0 5 w15 2 5 3 35 0 s 10 15 20 25 30 35 [ 5 0 15 220 25 30 35
rudder angle 6 (*) rudder angle & (") rudder angle & ()
CNTR 8 (7,,/1,=0.76) LNG 6 (7,,/1,=0.80 ) PCS 6 (1,/1,=0.83 )
08 08 08
o7 o7 Y= -00075x+0.5305 o7 y=-00075x+ 05193
06 + 06 R*=09; 06 R*=0.978
05 '\v‘ 05 05 +
ag 04 + a: 04 ‘\r 5: 04 v\‘v\
03 ¥ =-00088x+ 06132 03 + 03 +
02 R?=0.9828 o 02
01 01 01
0 0 0
0 5 w15 2 5 30 35 o 5 10 15 |20 /[25/ s 35 o s o 15 20 25 320 35
rudder angle & (7) mdder angle & (°) rudder angle & (*)
LNG 4 (r,/L,=1.00) OT 3 (1,/1,=1.19) BLK 7 (L,/L,=1.26)
08 08 08
o7 V=-001:7 0512 o7 V=-00097x+ 04502 o7 y=-0.0128x+0.4408
06 R?=0.9681 06 R®=0.9443 06 R =09964
05 —4 05 |4 05
tlrl:l.fl ‘\4‘ = o Y\e Zo4 &
= = \‘
03 + 03 + 03 v\
02 0.2 02 +
01 01 01
0 @ 0
0 5 0 15 0 215 30 3 0 s 1015 20 25 30 35 [ 5 10 15 2 25 30 35
rudder angle 3 () rudder angle & (") mudder angle & (°)
CCR 6 (L,/1,=1.45) PCF 2 (L,/L,=1.65) ITB 450 (L,/L,=2.02)
08
07 V= -00135K7 04178
06 R?=0993
0s
2os [+
g 03 \
02 \6
01
[
[ 5 0 15 2 25 3 35
rudder angle & ()

RRPF 11 (L,/L,=2.31)

Fig. 4.39 Range of rudder angle and lateral distance of panamax container ship

overtaking LNG carrier according to the ship’s length (12-8knots)
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Fig, 440 Range of rudder angle and lateral distance of panamax container ship

overtaking LNG carrier according to the water depth (12-8knots)
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SoEEEE s Aojth

A7} o] Aeolu] 0.7 < Ly/L, < 329014 AR B3Al ZH ol qAle] kg AT
£ Tknots?! 7o 31 <'S [m] < 1260]az, 9knotsel 7%l 54 < S [m] < 143°]™, 12knots?!
Zd-5-ol 70 <'S [m] < 1549] W9jolth. T & o] Tknotsell Al dknots= F7HA HH &
Agle H4& LjoA Hol 179 371k, Tknotsoll Al 12knots®2 F7HAloll= 4 1.24)
oA Hdf 228 Frtetith 2717 22 Aduke FAETE Fe] £ FTtd e
T I e & Aok

Table. 5.2 Table 5.1¢] AlFA T34l £ Adute] 7)o w& guetag g oy
Ae] HBIARE FHAAY Z9f A71(s/B)E YERN AHZEA, Tknots2 FHA| %
g8l 1.0B,-3.9B,°13, %knotsZ EFAE 17B,~4.4B, 09, 12knots2 E7A| 2.2B,~4.8
B, otk ®E3h Tknotsol A 12knotse] &8 t7tell A A BT 2 INGA F34 3.9B,~4.8B,
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o
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100995

Moored ship, L, | ‘

\

g

Passing ship, L;

Fig. 5.1 Diagram of moored passing ship

Table 5.1 Comparison of safe distance according to the passing speed

Moored ship passing, h/T=1.2, &=10°

Container Panamax (L) S [m]
Moored ships (L) L,/L, 7knots 9knots 12knots
LNG carrier 0.8 125.0 142.7 153.3
Bulk carrier (Panamax) 1.26 88.7 102.7 112.6
Passenger car ferry 1.65 715 89.2 101.9
Fishery training ship 311 31.8 54.4 70.8
- 107 -
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Table 5.2 Comparison of safe distance of own ship according to the passing speed
based on the own ship’s breadth

Moored ship passing, h/T=1.2, §=10°
Safe distance of own ship
Container Panamax
(Panamax, L,=289, B;=32.2)
Moored ships L,/L, 7knots 9knots 12knots
LNG carrier 0.80 3.9B, 44B, 48 B,
Bulk carrier (Panamax) 1.26 28B, 3.2B, 358,
Passenger car ferry 1.65 228, 288, 328,
Fishery training ship 3.11 1.0B, 1.7B, 228,
25
H LNG
228 ¢ Bulk carrierpanamax |
ood 2 Passengercarfery | . |
7 Fishery training ship
IV R —— . o S - iSRRI EEEERI
1501 R g N R ...
E 125 H
w
L1 T . B $ ------
P A
LG R ]
BO| - ecemeeememme e
o5 N
7 8 9 10 11 12
V [knots]

Fig. 5.2 Distance of safe passing according to the passing speed in case of moored

ship passing (h/T=1.2, §=10°)
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7182 A3 Aoty UA AEd Table. 51014 3FF2| AUHING carrier, Bulk
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Table. 5.3604 A3 2tiae] Zolul 0.7 < L/L, < 24 & ), StAZFA=E 02 <
n/L, <0.62 HHE Holx Ut} g ARoUdit HiszstAY & @] 4
S0l kdE &AL = oF 5/L,=0.5~0.601H, 200u]E] o]} Aute] Aol oF 5/L,=0.2~0.49]
AT} Fig. 538 T4l &&o] Tknots$l 74-%-9F %knotsql 74l thsl Aluke]
g iAo o HAFIAUE Aggr(exponential function) = W w3k

At ZaE(relative decay rate)oll wel A|5F o2 ThAash
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Table 5.3 Safe distance of container panamax according to the ship’s length
in case of moored ship passing (h/T=12, §=10°)

Moored ship type Ly[m] L,/L, n/L,
Container ship 382 0.76 0.576
LNG carrier 360 0.80 0.550
Passenger cruise ship 350 0.83 0.545
LNG carrier 289.9 1.00 0.478
Oil tanker 242.8 1.19 0.426
Bulk carrier (Panamax) 230 1.26 0.411
Car carrier 199.1 1.45 0.382
Passenger car ferry 175.4 1.65 0.364
Tug barge 142.8 2.02 0.329
Ro-Ro passenger Ferry 125 231 0.268
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Fig. 5.3 Distance of safe passing according to the ratio of the own ship’s
length to the target ship’s length (moored ship passing, h/T=1.2, §=10°)
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FIAYE =Stk AT A £98l(v,/ v)7F OE AE ¥ashr] flste A
Aol &8 Mol £e3 thE Tknots, 10knots, 12.6knots= 43t th

Table. 5.4 h/7=129] el A vlEA0] FohA) Mute] FEHAL B2 052 Aola
o] %3 (course-keeping)o] 7Fsd ThjulaF AElolMe] GHEFAE
= A Aolth. A Atiae] Zolul 0.7 < L/L, < 32014 wFAH B3] o]
yAe] skAEdAT= v,/ 1V,=0.7¢1 Aol 63 <S [m] < 158°]3, v,/ V,=0.83%1 74l 70
¢S [ml < 16801, v,/ v,=0.99] A6 76 < S [m] < 1759] MWejolth. %2 o] 10knotsel A
Mknots® 2744 shtuteg Aejoluise] haEgAes i 276 met 11-1.29)
Z7}819h. ARA S s T/t A4S Auel A9 Az Aele] Z7lZo] Hgh
=

oft
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Table. 5.59} Table. 5.6 Table 5.49| iAW F3A] £H3 Hute] A7)0 g vt
2 ZAeejyAe kTS A Fo A7I(s/ Bk e F =271(s/B)=E
ekl AF2A, V,/V,=0.78 A0l 20B,~49B,013, V,/V,=0.83%] 7ol 228,528,
olm, v,/ V,=0.991 Aol 24B,~54B,0th. Tk, 0.6< v,/ vV, < 109 &&77bolA AriAl
o] AMETF & INGAHQ H$-o 49B,-5.4B,0]1, shjutad W49l 7390 388,42

w

32

olm, FhH|E]Ql Sl 2.9B,~3.3B, 0131, oJPaHA Aol 20B,~24B,2 AL & F
.

Table. 56< &8 vhetzg HHIUALS niAH F3sh= AHHtarget ship)e] o=
MAFIAYUE AL 4 Utk INGHY A9+ 29B,~32B,0]a, Haxe ¢ 38
B,~4.2B,°1H, 7}El}] 7% 3.0B,~34B,°]1, AAPYAFAHI A= 42B,~5.1B,°|th
Fig. 5.5+ Table. 549 235 1)=& YeERA Ao 2 x=& AA(course 000° )2] &3 o]
M, yE2 S dAG It 717 B 45/ ddAS rlEAe 593 49, kA

Age S0 wel F7ksks 2 ¥ 4 Uk

=
b}
5%

______

| V=7, 10, 12.6knots | :

‘ course 180°, L,

[ v,=10, 12, 14knots |

Lo
.
e

‘ course 000°, L, ‘

Fig. 54 Diagram of head-on encountering
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Table 5.4 Comparison of safe distance according to the encountering speed

Head-on encountering, h/T=12, &=10°

Container Panamax (L) S [m]

v,/ V,=0.7 V,/ V,=0.83 V,/ V,=0.9

Target ships (L,) Ly[m] L,/L, V,=10knots V,=12knots V,=14knots

V,=7knots V,=10knots | V,=12.6knots
LNG carrier 360 0.80 157.1 167.6 174.3
Bulk carrier (Panamax) 230 1.26 120.8 129.4 135.1
Passenger car ferry 175.4 1.65 94.3 100.8 105.8
Fishery training ship 93 3.11 63.1 70.7 76.4

Table 5.5 Comparison of safe distance of own ship according to the encountering speed

based on the own ship’s breadth

Head-on encountering, h/T=12, §=10°

Container Panamax (L)

Safe distance of own ship
(Panamax, L,=289, B;=322)

Vo/ V=07 | V,/V,=083 | V,/V,=09
Target ships Ly[m] I V,=10knots V,=12knots V,=14knots
V,=7knots V,=10knots | V,=12.6knots
LNG carrier 360 0.8 49B, 528, 5.4B,
Bulk carrier (Panamax) | 230 1.26 388, 40B, 4.2B,
Passenger car ferry 175.4 1.65 29B, 3.1B,; 3.3B,
Fishery training ship 93 3.11 20B, 22B, 24B,
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Table 5.6 Comparison of safe distance of target ship according to the encountering
speed based on the target ship’s breadth

Head-on encountering, h/T=12, &=10°

Container Panamax (L,) Safe distance of target ship
v,/ V,=0.7 v,/ V,=0.83 v,/ V,=0.V,
Target ships By[m] V,=10knots V,=12knots V,=14knots
V,=7knots V,=10knots V,=12.6knots
LNG carrier 55 29B, 3.0B, 328,
Bulk carrier (Panamax) 32 3.8B, 4.0B, 42B,
Passenger car ferry 31.5 3.0B, 3.2B, 345,
Fishery training ship 14.9 42D, 478, 5.1B,
25
B LNG
223 ¢ Bulk carrier panamax |- e
200 /N Passengercarferry |~
57 Fishery training ship
L R T T o S
i H
150) BN, O LSS, . /——
€ ® ©®
L B Rt
0 D

100 ----+-=-=- g
£ RS AN -

o

L ) AP :S»—>—,_>

12
V [knots]

Fig. 55 Distance of safe passing according to the encountering speed in case of

head-on encountering (h/T=1.2, §=10°)
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7128 A(course 000° )e] o]z the AL ofvl@.
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w/L <079 9IS Holx Ik sbetaF AeolUMRTh MEsAY & 2FH e 7
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5.79014 F Aduke] &¥o] 12knotsql 7-g-oll dhsl Auke] Fstds gk i Aol
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Table 5.7 Safe distance of container panamax according to the ship’s

length in case of head-on encountering (h/T=1.2, §=10°)

Collection @ kmou

Target ships Ly[m] L,/L, n/L,
Container ship 382 0.76 0.683
LNG carrier 360 0.80 0.644
Passenger cruise ship 350 0.83 0.611
LNG carrier 289.9 1.00 0.595
Oil tanker 2428 1.19 0.584
Bulk carrier (Panamax) 230 1.26 0.517
Car carrier 199.1 1.45 0.510
Passenger car ferry 175.4 1.65 0.412
Tug barge 142.8 2.02 0.362
Ro-Ro passenger Ferry 125 231 0.304
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Fig. 5.6 Distance of safe passing according to the ratio of the own ship’s
length to the target ship’s length (head-on encountering, h/T=1.2, §=10°)
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w el HATEAYE A Fof A7|(s/B)%k Bl Z9| A71(s/B)E Y
ERd Zoltk Table. 5,98 29 v,/ V,=0.7¢] 75l 1.9B,~4.6B 011, V,/V,=0.83%1 7%l
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Zroll A ool AR & INGAHQ 790l 46B,~5.0B,0]1, shjetagd MM A¢
ol 33B,~3.6B,°1H, 71 2|¢l A9l 28B,~3.2B,°]1, oIPAHFAI Ao 1.9B,~2.3B,0]
=3

Table. 510& 53| shfutag e oAl ofs) FY== Aute HHAFIAYE & F
otk INGAQl A= 27B,~30B,011, BAXMY A$E 33B,~3.6B,0H, 7189 A$
2.8B,~3.3B,°]1, APYAFARN A= 40B,~5.1B,2 4B HUTH

Fig. 582 Table. 589 ZA#E T2 Yepd Zo= xF& FY49 &HHolH, yZ2
B IAG eItk A7 TE 4579 AUds FE A A HHEdAYE £
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Fig. 5.7 Diagram of two ships in overtaking
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Table 5.8 Comparison of safe distance according to the overtaking and overtaken

speeds

Overtaking, h/7T=12, &§=10°

Container Panamax (L) S [m]
V,/ V=07 V,/ V,=0.67 V,/V,=0.5
Overtaken ships (L,) L,/L, V,=10knots V,=12knots V,=14knots
V,=7knots V,=8knots V,=7knots
LNG carrier 0.80 149.5 157.2 162.5
Bulk carrier (Panamax) 1.26 106.8 111.6 114.8
Passenger car ferry 1.65 89.2 97.5 102.6
Fishery training ship 311 59.6 68.7 754

Table 5.9 Comparison of safe distance of own ship according to the overtaking and

overtaken speeds based on the own ship’s breadth

Overtaking, h/T=1.2, 6=10°

Container Panamax (L)

Safe distance of own ship
(Panamax, L,=289, B;=322)

V,/ V=0.7 V,/V,=0.67 V,/V,=0.5

Overtaken ships (L,) L/L, V;=10knots V,=12knots V,=14knots

V,=7knots V,=8knots V,=7knots
LNG carrier 0.80 4.6 B, 49B, 5.0B,;
Bulk carrier (Panamax) 1.26 3.3B, 3.5B; 3.6B;
Passenger car ferry 1.65 2.8B, 3.0B, 3.2B,
Fishery training ship 3.11 198, 21B, 238,
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Table 510 Comparison of safe distance of target ship according to the overtaking and

overtaken speed based on the target ship’s breadth

Overtaking, h/7T=12, &§=10°

Container Panamax (L,)

Safe distance of target ship

V,/ V,=0.7 V,/V,=0.67 V,/V,=0.5
Overtaken ships By[m] V,=10knots V,=12knots V,=14knots
V,=7knots V,=8knots V,=7knots
LNG carrier 55 278, 29B, 3.0B,
Bulk carrier (Panamax) 32 3.3B, 358, 3.6B,
Passenger car ferry 31.5 2.8B, 315, 3.3B,
Fishery training ship 14.9 4.0B, 46D, 51B,
25
B LNG
223 & Bulk carrier panamax [T
200 /4~ Passengercarferry | |
<} Fishery training ship
L= R PP T CEP S PR EPRTE R EREEERR PR PR
H
150F------------ H QS = LIP7. X —
% T 25 - EB -------------
@ * A
100F------------ 745; ------------------------- o A
L g e
{0, I ﬂ? ______________________________________________________________________
G

12
V [knots]

Fig, 5.8 Distance of safe passing according to the overtaking and overtaken speeds
in case of overtaking (h/T=1.2, §=10°)
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Fig. 5.9 Table 5804 F€/4d9 4ol 10knots(AFEAY] &8 Tknoto)dl 74+

Table 511014 24419 &3o] 12knots(FFL419] 43 8knots)el 7ol thsl] Alute]

S 1 dAe Aol bdEd AR E Algexponential function)Z W] nl gk
ZS

Zolth, BT 7]+ dAS At ZHAE(relative decay rate)ol] wel AF oz 7+

Table 5.11 Safe distance of container panamax according to the ship’s
length in case of overtaking (h/T=1.2, §=10°)

Overtaken ships Ly[m] L,/L, n/Ly
Container ship 382 0.76 0.622
LNG carrier 360 0.80 0.600
Passenger cruise ship 350 0.83 0.590
LNG carrier 289.9 1.00 0.515

Oil tanker 242.8 1.19 0.455

Bulk carrier (Panamax) 230 1.26 0.442
Car carrier 199.1 1.45 0.415
Passenger car ferry 175.4 1.65 0.393
Tug barge 142.8 2.02 0.313
Ro-Ro passenger Ferry 125 231 0.283
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Fig. 5.9 Distance of safe passing according to the ratio of the own ship
length to the target ship length (overtaking, h/T=1.2, §=10°)
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A= 121 < S [m] < 14002 4AHAEATH
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Table 5.12 Standardization of safe distance according to the depth/draft ratio in

case of same ship

S [m], 6=10°
Depth/Draft

(h/T) Moored ship Head-on encountering Overtaking
passing 9knots 7-7knots 12-12knots 12-8knots

1.2 126.6 135.8 156.3 139.5

1.4 119.7 129.1 154.4 136.8

1.7 108.1 115.0 147.2 130.9

2.0 94.8 107.2 136.8 121.6

Table 5.13 Standardization of safe distance according to the depth/draft ratio based
on the own ship’s length and breadth (same ship)

Safe distance of container ship (Panamax, L,=289, B,;=322)
Depth/Draft
(h/T) Moored ship Head-on encountering Overtaking
passing 9knots 7_7knots 12-12knots 12-8knots
1.2 04L, | 39B, | 05L, | 42B, | 05L, | 49B, | 05L, | 43B,
14 04L, | 37B, | 04L, | 40B;, | 05L, | 48B, | 05L, | 42B,
1.7 04L, | 34B, | 04L, | 36B;, | 05L, | 46B, | 05L, | 41B,
2.0 03L, | 29B, | 04L, | 33B, | 05L, | 42B, | 04L, | 38B,
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Fig. 5.10 Distance of safe passing according to the depth/draft ratio in case of same
ship (6=10°)

522 T AEl AF TAE BES
Table. 5.14%= Aule] A57HdS Bl 1052 Aokl AH o] 7153 shjutagd #Ago]

UAiel s AdE AR Yt 2oz, gl ARG Aol A 7

2o INGAH o2 Atk ZdHolYAo] %knotsZ AFAE SHst= AF, 5YF 1

2 A SHshs 49, 1%knots2 8knotse] LNGAS F93te A2 B/, 4

3} o) Wl g/ 7=11-608) W92 AT,

-

Table. 5.1404 Zgthido] LNGHI 9ol h/7=11-5.09] oA el T
dAYE BHH, %knotsE2 AFAA FHA 53 < S [m] < 146°]31, EL3 12knots= vl=X]
S A= 101 < S [m] < 171¢]H, 12knotsZ 8knotse] A1E}e ¢ F3Al= 63 < S [m] <
16022 AHEATE FAlol h/T=5.000A n/T=11% ZrashH, Heoysle kFadAd

)
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= %knots2 AFA FHA 278 FUFek, FYE 12%knotsE wlEAW SHAE 178 S
shH, 12knots= 8knotse] Auke 9 A= 2.54] F718HATH

Table. 5.15& Table. 5.149] 4148 (h/17=1.1-5.0) IHFIALE It T2g AH oW A9
Adol9} Zo] AYI(s/L,, S/B)E YERd Ao 24, Y%knotsE AFA A 1.7B,~4.5B,°]
T, 9% 1%knotsZ whEAM EAE 32B~5.3B,01H, 12knots2 8knots®] INGAHS 3
4 53N E 20B,~4.3B, 2 ZEH U

Table 5.14 Standardization of safe distance according to the depth/draft
ratio in case of different two ships

S [m], 6=10°
Depth/Draft Moored ship Head-on .
Overtaking
(h/T) : -
passing encountering
12-8knots
9knots 12-12knots
1.1 145.4 170.7 159.3
1.2 142.8 169.9 157.2
1.5 134.8 166.5 152.3
2.0 118.7 158.7 134.8
3.0 74.6 127.2 92.8
40 56.3 109.6 719
5.0 53.7 101.7 63.7
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Table 5.15 Standardization of safe distance according to the depth/draft ratio
based on the own ship’s length and breadth (different ship)

Safe distance of container ship
P , L,=289, B,=32.2
Depth/Draft (Panamax, L, ! )
Head-on
(h/T) Moored ship passing . Overtaking
encountering
9knots 12-8knots
12-12knots
11 05L, 45B, 0.6L, 53B,; 0.6L, 49B,
1.2 0.5L, 44B, 0.6L, 53B,; 05L, 49B,
1.5 0.5L, 42B, 0.6L, 528, 05L, 47B,
2.0 04L, 3.7B, 0.5L, 49B, 05L, 42B,
3.0 0.3L, 2.3B, 04L, 4.0B, 0.3L, 29B,;
4.0 02L, 1.7B; 0.4L, 348, 02L, 22B,
5.0 02L, 1.7B, 04L, 328, 02L, 2.0B;
25
5§ Moored ship passing_ 9kts ; :
223 m Head-on encountering_12-12kts | 1
200l /n  Overtaking 12-8kts o
178 SEN=NS Y
L B O/ ot ¢\ AN
N N S i T T
= %ﬁ 5% {F_; : ; : : :
ol | [ S S O
2 . h @ . . . i . .
T o o
e
I —————
.
10 15 20 25 3:0 35 40 45 50

Fig. 5.11 Distance of safe passing according to the depth/draft ratio in case of
different ship (6=10°)
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o BE FRE AAFTAY BEF

531 AMe) F47h & A BES (TT, WD)
D shpeteg Aelelude) g

slefe] alol h/T=128] 498 71202 shistag AHeluie] QHERA
a5, Aidle] AART E47) 2 Aulel A9 TEx Zabl f. o4 F1ed
W Aol B ATAY BRI AMY ERHTIRG e A4S

Table. 5162 h/T\=1.AT; > T,)9 sHelA styrtag Aeojuidel] gk 43 <bd
TIAYUE EE3RF o=, knots®E AFA T34 61 < S [m] < 1510]31, 5L 12knots
2 v B34 71 < S [m] € 1820]H, 12knots2 8knotse] x-S FY E3A= 65 <
S [m] < 164°]th

Table. 517 Table. 5162 43 FAFFALE AU Fptag Aoy de] Zo
o} Zo] 37|(S/L,, S/B)E W YeEhd Ao 2 %knotsE AFA 744 0.30,~0.6L, 3
19B,~4.7B,°131, Y& 12%knots®  wEAW  FHA 0.3L,~0.7L, 3 2.2B,~5.6B,°]H,
12knotsZ 8knotse] A< F4 E3Al= 0.3L,~0.6L, 3 2.0B,~5.1B, & A =3},

Table. 518 Table. 5169 A HHAFIALYE el Adolet F9 A7|(9/L,,
S/B)E U] YeRA Zolth AAa) Aojade] dolnlzt 0.7 < L,/L, < 249 Wl s
she ohFsk AddbE(target ships)e] It ~g e oUA S & Fdsks A5l ¢dF
3721= AgolAlo] dknotsE AFAL Prw% E34A] 0.4L,~0.7L,3 2.6B,~3.4B,0]1.

A3k 12knots2 whEAIW E3A] 0.5L,~0.7L, 3 2.9B,~4.7B,°1H, 12knotsZ A E] o] Al0]
8knotse] AtiAde 49 FHAE 05L,~0.7L, 3 24B,~41B,2 AFH Atk

- 125 -

Collection @ kmou



Fig. 5.12%= Table 5.1600 AN h/T,=LAT, > T,)2] ai<ollA sjetsag AgolfMe]
A3 AT IAZE BARE ACE x5S AT e Zdolul(r,/Ly)olH, yE=2 ¢t
=

@A eIt Al gl doulzh Srtstd kT @A = A4 ARER e

Table 5.16 Standardization of safe distance according to the ship’ length (T:>T;,
h/T.,=1.2, §=10°)

S [m]
Model no. Target ship type Moored ship Head-on .
] ) Overtaking
passing encountering
12-8knots
9knots 12-12knots
CNTR 8 Container ship 150.4 181.2 163.6
LNG 6 LNG carrier 142.8 169.9 157.2
PCS 6 Passenger cruise ship 141.5 160.5 154.5
LNG 4 LNG carrier 122.0 155.9 132.8
OT 3 Oil tanker 106.9 152.6 1155
BLK 7 Bulk carrier panamax 102.7 133.3 111.6
CCR 6 Car carrier 94.2 131.2 103.8
PCF 2 Passenger car ferry 89.2 103.0 97.5
ITB 450 Tug barge 78.9 88.6 74.3
RRPF11 Ro-Ro passenger Ferry 61.3 71.9 65.6
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Table 5.17 Standardization of safe distance of panamax container ship based on the
own ship’s length and breadth (T:>T, h/T:=1.2, 6=10°)

Safe distance of container ship
(Panamax, L,=289, B;=32.2)

Target ships (L) Ly/ L, Moored ship Head-on ,
) ) Overtaking
passing encountering
12-12knots
9knots 12-12knots
Container ship 0.76 0.6L, | 47B, | 0.7L, | 56B; | 0.6L, | 518
LNG carrier 0.80 05L, | 44B, | 0.7L, | 53B;, | 06L, | 49B,
Passenger cruise ship 0.83 05L, | 44B, | 0.6L; | 5.0B, | 0.6L, | 485,
LNG carrier 1.00 05L; | 38B; | 0.6L, | 488, | 05L, | 41B,
Ol tanker 119 04L; | 33B, | 0.6L, | 47B, | 05L, | 3.6B,
Bulk carrier (Panamax) 1.26 04L, | 32B, | 05L, | 41B, | 04L, | 3.5B
Car carrier 1.45 04L; | 29B, | 05L, | 41B, | 04L, | 328,
Passenger car ferry 1.65 04L; | 28B; | 04L, | 32B, | 04L, | 3.0B;
Ro-Ro passenger Ferry 2.31 03L; | 19B, | 0.3L, | 22B, | 03L; | 20B,;
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Table 5.18 Standardization of safe distance of target ships based on the target ship’s
length and breadth (T:>T>, h/T,=1.2, 6=10°)

Safe distance of target ships
Target ships Lafm] | Bolml 1y o red ship Head-on _
. ) Overtaking
passing encountering
12-8knots
9knots 12-12knots
Container ship 382 54.2 04L, | 28B, | 05L, | 33B, | 05L, | 3.05,
LNG carrier 360 55 04L, | 268, | 0.5L, | 3.1B, | 05L, | 29B,
Passenger cruise ship 350 38 05L, | 32B, | 0.5L, | 42B, | 0.5L, | 4158,
LNG carrier 289.9 447 05L, | 27B, | 0.6L, | 3.5B, | 0.5L, | 3.0B,
Oil tanker 242.8 32.2 05L, | 33B, | 0.7L, | 47B, | 05L, | 3.6B,
Bulk carrier (Panamax) 230 32 05Ly, | 32B, | 0.6L, | 428, | 0.6Ly | 3.585,
Car carrier 199.1 3226 | 0.6L, | 298, | 0.7L, | 418, | 0.6L, | 3.2B,
Passenger car ferry 175.4 30.3 06L, | 28B, | 0.7L, | 3.3B, | 0.6L, | 3.1B,
Tug barge 1428 | 303 | 0.7L, | 26B, | 0.7L, | 29B, | 0.6L, | 24B,
Ro-Ro passenger Ferry 125 1825 | 0.7L, | 34B, | 0.7Ly, | 39B, | 0.7L, | 3.6B,
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Fig. 5.12 Distance of safe passing according to the ratio of the own ship’s length to
the target ship’s length (Container Panamax, §=10°, T:>T>)

2 A} T FAEFAY

A 71&d shiekag Aol tha 438 ShaEIARS nawsh] Ssh Mg
oJEl7} BAF Ho) TS 2 AHOIIME TR Y FAFTYAYE S5
et

Table. 5.19% h/T,=1.AT, > T,)9] oA Ho) &45¢ VLCCOl g 43hd Axs
IAYE =T A=, %knotsZ AT 201E AeHolWAS T34 186.1m(0.65L,)°]
3, Y% 1%knots= vEAH Al 208.7m(0.721,)°1H, 12knots= 8knotse] Z=ThE ZE|
M S 3¢9 ETAE 1949m0.68L,)% AEE AT

Table. 5.20> Table. 5.19¢] Ho] &4 VLCCE ¢HdF3dAEE A4l VLCCe 4o
o} 9] F71(S/L,, S/B)E Y7ol YePd AL=Z, %knotsZ AFAQ =tE ZHolud&
B9 0650,% 318,011, FUS 12%knots= mlEXW EHAS 0720, 35800,
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12%knots2  Sknotse] ZoF FEoliAe 29 EdAE 06803 32BE =EHAT

_'z__o
Table. 517004 shjutosg Arjold4o] Hu) 7)o MUHONTR 9 tiaow =53 2
shob A W9l §/0,¢ BolT Tk

Table 5.19 Safe distance of maximum deep draft ship model considering ship to
ship interaction (T:>T, h/T1=1.2, §=10°)

S [m]
Own ship Target ship Moored ship Head-on Overtak
ertakin:
model model passing encountering 8
12-8knots
9knots 12-12knots
VLCC 8 CNTR 20
(L;=333m, (Ly=397.7m,
186.1 208.7 194.9
B,=60m, B,=56.4m,
T,=22.5m) T,=15.2m)

Table 5.20 Safe distance of VLCC based on the own ship’s length and breadth (T:>T,
h/T:=1.2, 6=10°)

Safe distance of VLCC
(L,=333m, B,=60m, T,=22.5m)
T t ship (L L,/L Moored shi Head-on
arget ship (L) /Ly . P . Overtaking
passing encountering
12-8knots
9knots 12-12knots
Container ship 0.84 0.65L, 318, 0.72L, 3.5B, 0.68 L, 328,

532 A4 &4 & A EFES) (Ti<T,, WT=1.2)

A Tk AU FRRT A AU < Ty F h/T,-129] SHoA Al
Shbetag AHolUA] i 4R AFANE S2edth AR Yrhile] B4
72 %ol h/Ty=129) oS lEoR AEYALE A, AN vhisaF A

HolU e 1/T,-129] 5o W3] 4ol F/1SIEE Hi T AT FAE BaT 2

l’D
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< 3T 5 Uk

Table. 521 h/T,=1.AT, < T,)9] sl Futag Aol sk A3hd b
FIAYE FES ASE, %knotsZ2 AFA FFHA 100 < S [m] < 146031, LS
12knots2 M EA] 154 < S [m] < 1850]™, 12knotsZ 8knotse] AiAle =4 &3
A= 119 < S [m] < 165°]t}.

o] Fae A A”ol|A 7|Eo g BH 14 < h/T, < 1.79] Hlolt} Al A
golga 71&Fo g e $ALS o h/T=152 R Table. 5162 Ao} wlwsjrd,
Table. 5.21°14 Alukxel CNTR 203} CNTR 981 7ol sbupatag Aol Ae] ok Eat
Al Table. 5.169] tixe] CNTR 821 Aol Bz AlFA B 2, vsX 53
Ag} 39 BEFAE fAkEiT) o)A Table. 514004 shetxg Aol Mo] AR 2
INGA & o= & 74 kB E & wl, 40| hT=12004 hT=152 F7}A]

T FHAE 8m Adta, v SaAeh 4 FHAE 47 34met 49mE A
g As Tt A 4 Stk
Table. 5.22% Table. 5.21¢] %8 bHFIAE A Fuatg ZH o9 Ao
S} Zo) F7|(8/L,, S/B)E Wrol Uekd Aoz dknotsE AFA 3= 03L,~05L,
% 31B,~45B,°]1, &Lg Lknots= mRFAW s A= 05L,~0.6L, 3 4.8B,~5.7B,°|H,
12knots2 8knotse] AthAle F4 E3A = 04L,~0.6L,3% 3.7B,~5.1B, 2 AHHH At}

Table. 5232 Table. 5.21¢] AH MHAFIFATE el Adolet F9 A7|(9/L,,
S/B)E ol Ukl A=, dknots= AFA FHA= 04L,3 2.1B,~2.9B,0]1, FL3H
12%knotsZ AW EB3AlE 05L,~0.6L,3 3.2B,~3.7B,°1™, 12%knots® ZAE]o]ifAlo]
8knotse] AthAe F¢9 E3A = 04L,~05L,3 2.7B,~34B,% 2=tk

Fig. 5132 Table 5219 AAE h/T,=LAT, < T)e] Aol shpatrag e o]iAe)
AE AELALYE TN A0, xF S AMT AT Aolul(L,/L,)olH, yEE ¢
=

AEdAT eIt Al g doulzh Srtstd ks dAs = A ARER e
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Table 5.21 Standardization of safe distance considering ship to ship interaction (Ti<T»,

h/T,=1.2, §=10°)

S [m]
h/ Ty .
Model no. T,[m] h/ T, Moored ship Head-on )
(T,=12m) ] ) Overtaking
passing encountering
12-8knots
9knots 12-12knots
CNTR 20 15.2 1.2 1.52 145.7 184.9 164.7
CNTR 9 15 1.2 1.50 142.7 182.5 162.5
CNTR 12 13.5 1.2 1.55 1324 167.7 153.1
VLCC 7 16.62 1.2 1.66 104.8 157.5 142.3
VLCC 6 14.4 1.2 1.44 100.6 154.1 119.6

Table 5.22 Standardization of safe distance of panamax container ship based on
the own ship’s length and breadth (T:<T, h/T»=1.2, §=10°)

Safe distance of container ship
(Panamax, L,=289, B,=322)
Target ship (L) | Li/L, | h/T; Moored ship Head-on '
. ) Overtaking
passing encountering
12-8knots
9knots 12-12knots
0.73 152 |05L, | 45B, | 0.6L, | 5.7B; | 0.6L, | 518,
Container ship 0.76 150 |05L, | 44B, | 0.6L, | 5.7B; | 0.6L, | 5.0B,
0.83 155 |05L, | 41B, | 0.6L, | 5.2B, | 05L, | 4858,
suezmax 103 166 04L1 3331 05L1 4931 05L1 4431
VLCC
aframax 116 144 03L1 3131 05L1 4831 04L1 37Bl
PP | PRI, S - 132 -
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Table 5.23 Standardization of safe distance of target ship based on the target ship’s
length and breadth (T:<T, h/T.=1.2, §=10°)

Safe distance of target ship
Target ship (Ly) | Ly[m] | B,[m] | L,/L, Mooreo'l ship Head—or.1 Overtaking
passing encountering
12-8knots
9knots 12-12knots
397.7 56.4 0.73 04L, | 26B, | 05L, | 338, | 04L, | 29B,
Container ship | 3820 | 542 | 076 | 04L, | 26B, | 05L, | 34B, | 04L, | 3.0B,
3470 | 452 | 083 | 04L, | 29B, | 05L, | 3.7B, | 04L, | 34B,
suezmax | 2805 | 500 | 1.03 | 04L, | 21B, | 0.6L, | 32B, | 05L, | 2.8B,
VLCC
aframax | 2499 | 440 | 116 | 04L,  23B, | 0.6L, | 35B, | 05L, 2.7B,
25
&4 Moored ship passing_9kts
225 M Head-on encountering_12-12kts |-
A\ Overtaking_12-8kts
200f - e S B ]
[ |
175. ....................................................................
R ‘A  m
g R T L R i TR
— B A |
Y- SRS S — e T e —
) ! LA !
£ S 02N SO S R
Y7 ASSRRRS R NSNS SRR R S S
% ISR NSRS SO SO SRS —
28 SRR N S —
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L1/L2

Fig. 5.13 Distance of safe passing according to the ratio of the own ship’s length to

the target ship’s length (Container Panamax, §=10°, T:<T))
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A6d EE

Seke 43, F Aol niEAm Fase A% 2L B Aue FUss o)A A
2gAE0| BT} A BT & YRS FAFIALES EE3te] BRI Al
A5 A

oot
[
tor
-
td
=)
m
it
2

AR AezgAlEGlH Y MY 7es 53] A8l 2D AFHE 7N R S+ ¢
o] MLITY o]&ALH} +24HS

AXS mlwstget. 1 A 539 Aube| tidk 371A] Alue] ¥ (ship-bank interaction,
head-on encountering, overtaking) @2+ HA 7.33%, Hl 10.16%, H 8.99%E R
ot A5E AuzFAEYCIHE ol&ste] 4% ¥ aA¥E dEs Tskal, MLITS B2

=i
=
Aol o g HATIAYE AU B AFolM ==3 HF AR vt 2k

w

D AFA 34 B 10500 sidshe shuetag deojqd ] L8 HF 3

= h/7=129] SAAA FiAo) 0.7 < L/L, < 329 T719 Agel, Tknots2 A 31
< S [m] < 1260]a1, 9knotsZ F3+A| 54 < S [m] < 143019, 12knotsZ A 70 < S [m] <
154¢] ®9joltt. T34 £Hol Tknotsoll 4 9knots= 714 P A = Aol 0.7
< Li/L, <329 27191 7ol o 1L1-1.79 S71skdth. 2717 &2 Auks 5385E 5
o) o] Frtel mE A FIAE SUtekATh =g A Aiade] Zoln] 0.7 <
L/L, <24 4 ", StA5FAYE 02 < p/L, < 0.69 HIAZ =&AL

>~

2) A F3A BAEZ 1050 sfdehs shueag HEoluie] S£9d b Fd
AGE n/ 7129 AGelA tiAo] 0.7 < L/L, < 3.2¢] 1Y o), v,/v,=0.721 A< 6
< S [m] < 1589111, v,/Vv,=0.83%1 A= 70 < S [m] < 168°1H, v,/ V,=0.9¢1 750l 76 <
S [m] < 1752] W&jolt}, £ o] 10knotsoll A 1dknots® F7HAl dhupetag AgojdAlel ¢F
AEEATE Atido] 0.7 < L/L, < 3298 =719l 7% oF L1-1.28) Z718kdth. AlFA

S wls] Z717F 2He AUkl - kASE A o] FylEoe] At w3k, ARz A

w
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Aol dojulzt 0.7 < L/L, < 24 & o, bAEFAE 03 < p/L, < 079 ¥HE B
o,
3 9 EFA BB 1050 sjgsts shtag delolude] &Hd bdERA
= n/T=129] DA Aol 0.7 < L/L, < 329 1L ®, v,/ V,=0.7¢ A% 5
[mK 150013, V,/V,=0.67¢) 7%= 68 < S [m] < 158019, v,/V,=0.5¢1 75l 75
< 1639 HYo|t}y. &=Ho| 10knotsoll Al 14knotsZ E7HA Fuer~g Al o|u Al e k&gt
Agle Aridol 07 < L,/L, < 3.2¢] 27190 A$ol o 11-1.30) Z7kstany. w3, 24w
djae] dolnl 0.7 < L/L, < 24 & W, SkAEIA = 02 < /L, < 079 B2 =&

4 FLS Auks gido =R stal BYERY 1059 sdsts shetag dHoluide 4
d HEdAEE Aol h/T=1.2-2.08 WY #, %knots= AFA SHA] 94 < S [m] <
1270]a1, 7knotsZ vl FHAl= 107 < S [m] < 136017, 12knotsZ vl=xH FHA|=
136 < S [m] < 157¢]az, 12knots& 8knotse] AukS: € T A= 121 < S [m] < 14002 4F
hT=2.0014 h/T=122 74T u] kdF&AL7} 335%

Al FAel
271 A2 %6}04, AT Huke PR & A4S e BAe) 4ol ns) AFH 5%
o

5 A7|%k FR7VE & Adks e ® st BAEZ 1050 sidete sty e
oAl FAE AEIATYE FAC] p/7=11-5.09 MY wl, %knotsZ AFA FIA
53 < S [m] < 146°]31, L3+ 12knotsZ vlFAH F3 A= 101 < S [m] < 171¢]™, 12knots
2 8knotse] AukS Fo EFAI= 63 < S [m] € 16002 AHFFE AT} FAo] p/T=5.0014
h/T=112 74 wf spet~g Hdelojyide] A A= Kknots®E AlFA &
A 2.78) F7Velal, S 12knotsE A E3AlE 178 Z7Fsh, 12knots®E 8knots
o] Muts 4 FIAE 258 SUtsTh ER, Aol ti@ Aol Ao FAdE I E

FAYE 29 EAY ALE ARAM B o] 2o wWale] wzksl Ao 7 vhEht

¥

6) A 7t AU EFEY & AT, > T) 5, h/T=1.28] solA shjets
T ZHoluAde tighk 43 ASFATE =31, dknotsE AFA A 61 < S [m]
< 1510)a1, HY3F 12%knotsZ v E3kA] 71 < S [m] < 18209, 12knotsZ 8knotse] A+
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o~

s F9 5= 65 < S [m] < 1640tk A= e dojnrt F7kehd k53
Al AFA T3, A 3, 34 A adte BEFE Btk

7 20 AdoyAe oz st HEet 1050 sigshs o 34 VLCCY| ¢k
AZIAL = b/ T=12AT, > T,)2 G %knotsZ AlFA F2A] 186.1m(0.65L,)°13, &
3k 12knotsE mlFAH F3A] 208.7m(0.72L,)°1™, 12knotsZ 8knotse] zthd ZE|ojyAd
T4 TN E 1949m0.68L)E ARSI o] Ade suutag ZdeElolHAo] Ao
719 Aduks o g EE3 74 A4 5/L, 9 B9 FARSIAT

o

8) AX9 E47t Aol Rt 2 ANT < Ty) F, h/Ty=1.29] 9ol A et
2 ZAgolUAell g J3hE < FIA &34, %knotsE AlFA 534 100 < S
[m] < 146°]11, TL3 12knots2 wl=AH F3A] 154 < S [m] < 1850]™, 12knots= 8knots
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