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A Study of the Standard and Emergency
Maneuvering for Safe Berthing & Unberthing of
140K Container Ships at the Main Terminals of the

Port of Busan

by Kang, Weul Koo

Department of Nautical Science

Graduate School of Korea Maritime University

Abstract

Since ship maneuvering involves variable parameters such as
shiphandler’s ability, ship’s dynamic characteristics, condition of harbor
and waterway, and weather and/or sea conditions, it is very difficult to
standardize or express the maneuvering process numerically and
systematically. Nowadays container ships are rapidly increasing in size
but the water facilities of channel depth, width etc. do not follow the
ship’s size properly and timely. As you know, the navigable waters for
both the old and new ports of Busan (also known as "The Hub Port of
East Asia") have become narrower due to congestive traffic and
reclamation, and also become shallower because they have not been
dredged at the right time. Therefore, ship maneuvering in the port of

Busan is now more difficult than ever before. It is mainly because of



lower under-keel clearance and narrower width of channel. Until now, the
practical or actual maneuvering of berthing or unberthing has not been
studied. Looking into the New Port of Busan, the port area is restricted
because the turning basin and fairway are not separated and new berths

are being built.

When many ships are entering or leaving almost at the same time, the
accident risk is high because of the interaction between ships and levels
of congestion. One example is when an ultra-large container ship is
slowing down to approach the berth or turning in front of it to leave.
The timely departure from the water area affects the efficiency of port’s

traffic density and safety.

In view of the above, this paper addresses the standard maneuvering of
approaching berths, turning, berthing and unberthing. It also investigates
the emergency maneuvering of an engine that has broken down in order
to prevent marine accidents. To illustrate the emergency maneuvering
procedures, a model container ship of 13,000TEU with a gross tonnage of
140,000 was used. Its draft is more than 15 meters and the under-keel
clearance is about 10% of draft. The study wused "The Shiphandling
Simulator for Pilots" developed by Korea Maritime Pilots” Association.
Through data gathered from this simulation, the author provides
recommendations for the standard maneuvering of the No.4 berth of
Gamman Terminal and No.5 berth of Shinseondae Terminal in the old
port of Busan and the maneuvering of NT-08, NT-13 and ST-08 of the
New Port of Busan. He also suggests potential methods for the
emergency maneuvering when approaching the Oryukdo Breakwater and

Todo Island.
KEY WORDS: standard maneuvering #Fx4]; emergency maneuvering Fl/g34d;
under-keel clearance A*f54); shiphandler’s ability Z=414}9]

5 9; ship’s dynamic characteristic 49| &2 54
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1) TEU(Twenty foot equivalent unit): 205FE = 7] ZH oY=Z kst A

goly Az} 7| .
2) LOA(Length over all): dZH(4=R) S, AHre] o Zo|(L).

3) LBP(Length between perpendicular F=4%17): A5G HolA] dwujga

(B1554) ) A2,

4) Breadth(B): A% 2 o9 ulgoln $2 % wtA 243 Ao
7.
1) MALY] Tripple E A1)
DIMENSIONS ENGINES

LOA 399m Twin propeller 2 x 30,000 kw

Beam Extreme 59m . Able to operate
Twin rudder Ind 1

Depth Moulded 30.3m ndependently

Draft (Scantling) loem | B/T 2 x 2500 kw

Deadweight approx. 200,000 mt 23 rows/

Displacement approx. 260,000 mt CARGO 4 hatch covers across/

Lateral wind area 17,500 m2 24 x 40" bays




5) Breadth mld(Moulded): A1Z2] = |39 AZEA =T <t
7HA S4% A,
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AC)

6) Depth(D Zi©]): &=A FHA
7) draft(d &) AA &ZANA F471A9 =2 AL,
8) Air draft: A AA AAY Hizo|7pA]Y &

9) ROT(Rate of turn): AHre] 1#7+e] ZhH S EAIS A.

10) Kick: Z& $ ©Ete] #-go =z Muto] R A Hlojd A G(F
)] olghe 9F1/1004 =& wujshy Av|e] ojge Hu) 1/474A] U
A7 = gt

11) Advance(A3]F7): MEel & ZWH o] 0%=7t He AF7MA A4H
&l Ad.

12) Transfer(A3) Y A):. et § ZPHFo] V=7t == A7 A2
of 23 Ad.

it

13) Tactical diameter(TD)(=49] A3]4): =25 3771 180% ©]
FolHs o dF=E 7

14) Final diameter("d/3¢437d): Ate] A3 &= (ROT)V7F €ABsHA =AU
= GHe #HALS &g dol 7i7kdl 21 WY A3 gAY AB S
igeia=g

15) 413 (Turning basin): A8}o] A3]e 4= Q&= Fdoz B4 2LG=7}

EeRnR A=

16) 4] (Pivoting point): A7} A3st= A9 2H7] AFTHS 2T
ot} AA 7 ARsA A A] ok 1/3Le] 9X|8ta, Fxletd MnjE o
sote] Amlell M o 1/3L~1/4L0 HX|eh=t] A 9] sz we v=
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U3 A7t ol kst AEn
2A vehtr] W&ol

18) A& #AHo]9A: 10,000 TEU o]42 HAAE5HS 713 Aol
EA3g B A= 140,000 G/T(13,000 TEU)S] MALSY] BES A3

(
-

19) A AFFA (RS ER# K EE, Net Under-Keel Clearance): B& £
845 Yt AL dAste] &3 AxFHdor JdE P9 05
eet(0.67]E]), PIANC2Y 79 A7} 2

T 2 f
7% 057 E ¢HkQl A% 1.0MHE 7|Fo 2 i Uthd)

Energy efficient(o| 4 *] &&4]), Environment friendly(X&7474d)9 =<
T2 MARE Axe Hd 18,000 TEUE AHAT = A= AlA Aol =27

t
o Agoly Hute YAET

2) PIANC(Permanent International Association of Navigation Congresses = A2 % 3]): 18851 d¢] A HH
HIAR A vy GARA Pt 8 F2 e Bokel IAlE TE AS Frska 2841 VeF A
& AFste T 2@ A AES Aeke 99 e FAVIFIH, @4 UNY A7 |#o 2%
=] Stk PIANCY WA %7] “FASZE 3| (Permanent International  Association  of
Navigation =~ Congresses)'o|A 1998 d 99 =T EA 23| (The World  Association — for
Waterborne Transport Infrastructure”)2 =43 3] W7o Mok

3) FAHIE = AE 2004, pp. 54
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LNG7 Ao 438tsl= Aure] =712 125000 CBMO A 145,000 CBMS. 2 =4
Al7171 918 A Aot dubrEdolHE o] &ste b EHAANE A
ANA AEY o)L APz, obHd 2AS
A g AEEA, SR dad F¥EY F
Ao=w Qlste] dube] #Ax P FiE HEH

A

Al g olE R AlEdeld K = AutEF: AlEdelHE B

AER B AES ANEE A o] APARE AEYCHS A
F2 WACHDSE AuEe FRARS HMer] 9 SZPYe] wgol
AAH o2 Z7 AR, WAE WPe Agete Aol 94T I FHs

2122 T QYERF F3 wxFetoM e fFdE o vl =54 AT

o] A= THY YHERI(Ningbo port)oll NoiA Fotz Hul 89 &8
=Satetr] fste], Adol|Ade YR 2¥ A4 S8 o
FEE W] B @4 SHAY ATe0) Tk

&%, FFS 343 e W T Adess IdntY HAE 2o F
o] Ths dgE £olal ARte AudSE SolA Fo 2 A Al A
ofo] "¢ F sttt AT A=A (HAME, Bulk carrier) F79F 92 nFO=E
A3t o]t & F&o Rk TS FHE] st AA ApA £3
g & A= WHe G F4s ol&3 Adks AR Agtsta Ao
@es] et FHE] st st AE s W E oy o#

Al

5) 20114, ‘112 sfFAlEdolH e} AlEdold Aol &3 ofAlo} 39 (11th Asian Conference on
marine simulator and simulation research proceedings 2011, pp.81-88 ‘Verification on Establishment
of Standard Navigation Procedures in Severe Environment for Port Entry Ship Handling’, 25-26
August 2011, Kure, Japan)

6) ANC 2011, pp. 320-332 (Research of maneuverability of large container ships in rapid downstream
current, Guohua PAN/ Ningbo Pilot Station)
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Q% 2R BAe PIF 4FE VUL U o8 F A E5L B4
o) AYY FFE B SAHoz Aty Y2F FHGEH Eoo] =Y
Axsl F3 5U 0o AYS) A @S R o 448 205 U
o E5e FF ASAHYRE 94 ¥ 9AE z4de ANg A4 57
A7 Srjstelol & lolt}

241 AH YA EF

THY AT AT s Heely el Z7]d mE ERE <&
2-1>3 o] 1M g sAtZ Y Ak EIF X2E gl A (Post
panamax) ©]/32] ZAH°]H{ (4,500 TEU~15,000 TEU)S] FRoA =+ <i 2-2>
¢} 2t}

AA FH&E< 15000 TEUF (175,000 G/T) Auke] Ax] X4+ HZHLOA)
397M, A& 56m, Z°] 30m, TA EF+= 16me]H, MALY] Tripple Ex= 41 Z0]
59m=z ZAH ol A A7} 238 (Row)7HA] 7hs sttty 18]al ZH oy 4.
e 93t dA7EA AAHE ZHEZ T A(Gantry crane)> 24F°] FHujolH,

AR gel Aelely Bujde] X E tiFEd MED =2 229°] H
FAPeR F5 2UE Helol|yAdY 7IFds fsix= Adsior @ o=
= ok

ol vt e 2AdidM A R Hdxsta d= 18,000 TEUH
ANE AEo]HAH L Scantling WA EFE 16.0m=E st qow, o3 A
d Aelold e tHT dETS HAdlMe FEFAHS HAF 17m o) IR
stojob it} o] & flste] FAMRRE oM FARAERRS AWE AE oY
Aol AFFTHHub port)o.2 A2 wj Asl7] {5t AlggE A ik g=2F
A AZs 2t ArbH AuiRet HES At A= Aoz IHAL

AT,

9) Payer(1999)
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(m)

_‘6_‘_/\

S 9 10 11.5 13-14 — 13.5-14 14.5 15

()

7] 4,0000] 4,9000] 6,000 8,000 12,500
(TEU) 1,000 2,000 3,000 A} A} 9] 9] e
%A | 109 225—180% ggﬁ% fﬁﬁ‘é% 669 | 6T7E | 6v17d | 79nd
AW | sewr | TS | NS | dahg | o< | 9mua | < | 10u19
Al 7] 19%?5 1970 | 19801t 19843 19924 19964 20003 2005

< Full Post Post Super Super Ultra

g = Container Panamax Panamax | Panamax Panagnax Panal:;nax Panamax

<E 23> T2E il Aoy x4

23 4,500 4,800 5,500 7,000 8,000 15,000

o TEU TEU TEU TEU TEU TEU
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%(m) 394 40.0 40.0 42.8 46.0 60.0
Zl o] (In) 23.6 34.3 243 241 271 35.0
%}—’F(m) 12.5 14.0 14.0 14.5 14.5 20.0
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<# 24> A EH ol AduiEdel A4
¥ = 140K Container(= 2 S016)
GRT 140,264 ton
Main Displacement 187,580 ton
o LOA 366.1 m
Principles Breadth 48.20 m
Full Draft 1552 m
No of Propeller 1 ea
Propeller dia. 9.20 m
Propeller pitch. 881 m
Propeller Nos of blade 6 ea
Ship horse power 87,314 kw
Bow thruster 3,000 kw
Stern thruster 3,000 kw
No of rudder 1 ea
Span(h) 12.00 m
Width(h) 8.40 m
Rudder
rudder area 80.20 m’
Area ratio 67.60
Aspect ratio 1.43
R/UP 97.0
F/H 78.0 F/S 78.0
Main H/H 63.0 H/S 63.0
S/H 47.0 S/S 47.0
Eng.(rpm) D/H 38.0 D/S 3.0
Astern power is 60% of ahead power
Nos of consecutive starts 12
Block coff(Ch)
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<} 3-3> 309z €EEdgie] €99 Ho 45 (m/s)
<2
1 | 2|13 1| 41| 5] 6 7 8 |9 10| 11| 12 | AQd
T
A [16.7 [18.0 | 173 | 21.7120.0|23.0| 243 | 21.7 [ 226 | 207 | 16.7 | 19.0 | 24.3
F2 (NW)|(SW) |(SW) |(SW)| (SW)| (SW)| (SSW)| (SSE) | (SE) | (S) |(NW)|(NW)| (SSW)
~2010

D @713, 71, 19819

25
29 <% 34> HT 304dzte] ¢€EHdRn & o
AFE Yehd Ao Z 797%(15.36E) o]3te] AF7t oF 62%<1 2279, 13.8"%
(26.83=E) o]|3l2] A7} 97.62%2) 356.69 2 LEFSETH
<E 34> 30z €99 Fdge d HANIFE AFE AFIF(Y)
Gl
2 0.5~3.3"% 3.4~7.9" 8.0~13.8"% >13.9"%
1€ 0.2 15.5 14.9 0.4
2¥ 0.1 15.2 12.2 0.8
3¢ 0.1 15.8 14.3 0.9
44 0.1 15.2 13.7 1.0
5¥ 0.4 18.8 11.3 0.5
64 0.6 22.2 6.2 1.0
74 0.7 19.6 9.3 1.4
8¢ 0.5 21.0 8.7 0.8
9¢ 0.2 22.3 6.9 0.6
10€ 0.3 22.4 7.9 0.3
11€ 0.3 19.0 10.2 0.4
124 0.1 16.6 13.7 0.6
Ad 3.7(1.01%) 223.7(61.24%) 129.2(35.37%) | 8.7(2.38%)
71747, 1981d ~20103
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<E 39> 248 29 P
U e vk 2 2} z  z
M2 FHSHYFE Hm : 40.0cm Km : 232.8°
§ S2 FHFRtdF= Hs : 18.9cm Ks : 261.3°
2‘; Kl ddgdF= H': 44cm K’ : 137.1°
Ol H&dFx Ho : 1.6cm Ko : 112.2°
B T B+ He) 64.9cm
Mﬁ%ﬁ%ﬁﬁ/ﬂﬁz% 8AIE 12
" O—}J};g[:f%;:[ow 174.0cm
z ok 3 o
8 Appifilf%%.éxSo) 129.8cm
A 123.8cm
2} H.W.O.5.T.(So+Hm+Hs)
T H.W.Igf/[.t%(}éf+Hm) 104.9cm
3 o
H.w.gﬁ.?.ggf?{iﬂs)] 86.0cm
1\?5?]255) 64.9cm
3 (e}
L.W.Oﬁ.\‘l\%{%z?{{zslfﬁzikl ) 43.8cm
3 (e}
1] L.W.Oﬁ%ﬁigoﬂ{ ) 24.9cm
Ay2 (e}
= L.w.g.if?[ggffnikls)] 6.0cm
Z o
2 Approx LLW 0.0cm
L o
/E (;(}15_' L}f\j\/ -41.0cm
N Spring RﬂiZE(Hm+HS) 117.8cm
Meanuélgiz}zl—lm 80.0cm
! 42.2cm

Neap Range 2(Hm-Hs)
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(Unit : Cm)
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APPROX. H.H.W
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— | 0
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u & 0 64.9 M.S.L
z & 8
T < - 438 0 LW.ONT
5 2 S
24.9 LW.OM.T
6.0 LW.O.S.T
0.0 ] APPROX. L.LW
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-41.0 obs.L. L. W
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FA B2 17m/s 17~24m/s 25~32m/s 33m/s
= G4xE myh | (34~47:E (48~63x-E) | (64x=E o4
oFgt A A7IY| @ Wl F F | AT dUFF 2
A A 713717+ Tropical Tropical Severe Tropical Typhoon
Depression(TD) Storm(TS) Storm (STS) (TY)
5 ) B
§ % | gu A o 3

Tyt dEFe F= HIT2 T &fol 3 A=W, HE Wee HAod

<3#E 3-12>= 1958 dH-H 20107k 53zt FAMA e ks wH FQ
B3 HANeTEH FFS A Aotk £1ee] T5E ST
g} 3t o= VI Y V& F Y T ES AdeTEola o
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Ao HUeheEe Aute] Sty etz E 9 97| 59 A

Q77
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5
s B
40.0m/s o] w9 73 BHES 5914 SARAH, 8712 DINAH, 9503 FAYE,
0314 MAEMI(Z 4707} d3, AE7rES0] 30.0m/s ©]%44-40.0m/s 1Tk
7438 BEL 5819 GRACE, 6015 CARMEN, 6209 NORA, 6304 SHIRLEY, 6807
POLLY, 7408 GILDA, 7910 IRVING, 8613 VERA, 9109 CAITLIN, 9112
GLADYS, 9119 MIREILLE, 9307 ROBYN, 0613 SHANSHAN(Z 137H)°] <l
o Aydow HUEHES0] 30.0m/s o] BELS F 1712 AA9 34%
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Ao $% 34.7m/s 5914 SARAH 1959. 9. 15-19
Ao 1tE5E 43.0m/s 8712 DINAH 1987. 8. 30-31
d HPErEF 439.0mm 9112 GLADYS 1991. 8. 22-26
1A A2 86.7mm 8412 JUNE 1984. 9. 2-3




<3 3-12> FALx|H}o|

HEHE B olFg | FF AT E| HeHe B o5 | TF | HAUeLETEH
5819 GRACE S 33.1 8013 ORCHID N 25.3
5904 WILDA SSW 28.0 8120 CLARA SSW 21.7
5909 JOAN SSW 25.0 8412 JUNE SW 24.6
5914 SARAH ENE 42.7 8613 VERA SSE 32.1

6015 CARMEN | SSW 30.1 8712 DINAH NE 43.0
6104 BETTY SW 25.8 8906 ELLIS NE 20.6
6110 HELEN S 23.3 8911 JUDY ENE 253
6209 NORA SW 32.0 9005 OFELIA SW 27.0
6210 OPAL SW 28.2 9109 CAITLIN | ENE 33.0
6217 AMY SW 247 9112 GLADYS | NNE 31.1

6304 SHIRLEY | SSW 39.0 9117 KINNA NE 25.2

6309 BESS NNE 22.3 9119 MIREILLE N 38.0

6513 HARRIET | SW 21.5 9307 ROBYN NE 31.1
6615 WINNIE | NNE 23.6 9313 YANCY NE 20.6
6617 BETTY SSW 24.5 9503 FAYE SE 42.3
6804 MARY NNE 25.3 9711 TINA SW 22.8
6807 POLLY NE 32.4 9719 OLIWA NE 22.8
7004 RUBY SSW 26.8 0306 SOUDELOR | NNE 20.2
7009 WILDA NNE 21.7 0314 MAEMI SE 42.7
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