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A Study on the Estimation of Optimal Container Crane

Number according to Vessel's Size

Lee, Kangwon

Department of Logistics Engineering,

Graduate School of Korea Maritime University

Abstract

The volume of international trade has been increased. Especially, sea—
borne trade has played an important part in trade among countries, and
increasing maritime traffic causes economies of scale in the shipping and
port market.

There are lots of changes in shipping market such as enlargement of
vessels and the alliances among shipping companies. Due to these
changes, there are many changes of operation and management in the
port. One of the significant changes in the port market is that port
become bigger according to bigger vessels, the result could cause hub
port. To be hub-port and to survive in the market, they devise a lot of
strategies.

Especially, the handling productivity is considered on important element
in the competition. In addition it is become more important issue in the
privatization of terminal. Because this improves the terminal of
profitability and is an important element to reduces the port time. Studies
in conjunction with the stevedoring productivity conducted at internal and
external from the realistic need, but it is too hard to analyzes the whole
productivity of terminal. Because of this reason, it isn’t embossed with

these studies up to recently.



In these days, Ports and terminals make an effort to attract large-sized
vessels, because of the enlargement of the vessel and the deepen
competition to become hub port. Finally, the efficient container handling
capacity is demanded rather than unconditional expansion of equipment
and facilities at the terminal side.

In this paper, we analyze the relationship between the enlargement of
vessel and port productivity and derive optimal number of container

crane by container ship size.

_Vi_
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2.1 ;A2 &

1) Heely

(1) Adelvyd &3 |

47

(Economies of Scale)

Aeely AdAbEE

l:oll

<KH 2-1> F AHOIUMAL Mij3T] ¥ &3 S2H(2005H)

thel : TEU, §

AERE 25y
= A RE, RS RE, RS
1 Maersk Sealand 857,470 308 431,266 77
2 MSC 665,013 253 336,607 45
3 P&O Nedlloyd 428,495 147 224,284 38
4 CMA CGM 357,164 126 241,134 44
5 Evergreen 338,305 120 53,698 9
6 APL 310,326 100 39,476 7
7 Cosco 296,976 119 191,840 25
8 Hanjin 273,722 69 89,275 13
9 CSCL 264,487 101 214,156 33
10 NYK 244522 76 106,600 16
11 0O0CL 235,661 69 106,380 18
12 MOL 213,735 68 125,491 20
13 K Line 209,032 71 72,642 12
14 | Hapag Lloyd 207,911 55 77,300 9
15 CP Ships 192,354 81 39,877 10
16 Yang Ming 180,313 64 97,000 23
17 Zim 161,330 58 17,000 4
18 HMM 142,257 37 125,200 20
19 Hamburg Sud 116,932 58 58,614 18
20 PIL 104,808 66 62,558 20
S A 5,801,413 2,046 2,710,398 461

A2 : Containerisation International(2005)



o weEk 1980-d el = 3,000TEUR AlElo] H¥E Aol o} 19964
Maersk Line®] 6,000TEUw Adto] FHx=2 H3srdaz, 2000 ol =
8,000TEUw Aulo] 5 A5}t

)

=

g, 2A3E Vs ¥E=E 8000TEUwH, Ao+ 15000TEUw ¥

RS |

of Ax7F 7heetvte FA @ &5 AHCUAAY dHEde A&5d A
otk Y A st ddel wet AH oY AvrE2 fREE VS

og 1At A 8AUZAA ®FE 7= st Adu &3] glelM THE 2
=84 Al 89l PanamawstE 7IFo®E dto]  Panamax,

Post-Panamax, Super-Panamaxd S22 &3¢}

Chel :m
T & |4500TEU | 4800TEU |5500TEU | 6,500TEU | 7000TEU | 8000TEU |12,000TEU | 15,000TEU

Y3 Post-Panamax Super Post-Panamax Suez-Max | Malacca-Max
20| 260.0 262.0 263.0 302.3 326.4 325.0 400.0 400.0
= 39.4 40.0 40.0 428 428 46.0 50.0 60.0
Zlo] 23.6 243 243 241 241 27.1 35.0 35.0
=T 12.5 14.0 14.0 14.0 14.5 14.5 17.0 21.0

AZ : Payer, H(1999), Feasibility and Practical Implications of Container Ships of 8,000TEU and

Beyond, Terminal Operation Conference & Exhibition, Genoa

Wijnolst, N., Schlotens, M., Waals, F.(1999), Malacca-Max; The Ultimate Container Carrier,
Delft University Press

S AH 0| FFEEH2004), Sfot0[(CHASY) & S5= &tel LHo| DXz & of

St o, SPUE MYE

T Suez &35 7|T£ 22 St Suez-maxyw Y 12]al ] UolrlA

Sueze <3t F4& HAAZ s Malacca 3

{0
=
of

g 42 Agoz He
Malacca-maxa A4ro] A7) = A},

w3 d4 HY T FEF e Aubg e 5500TEU Awvbzl Hlaml A

_6_



8,000TEU 4wk} 15000TEU A9k Z+zF 4 62m, 137m, % 6m, 20m A
=7 2 AL R YErE

8000TEUR el AHoly AA T2 3=l 4492TEU, 73 50
2 3,268TEU, 73 694 392TEUZA % 8152TEU®l 23, 15000TEU
H Adrel A4 5852 = W 10~115‘rx4, T 6~7H 28924 V)E
e el 6,000TEU Adutat wlangk wf 3ha A2 do] 1€ F7k Aol 5
ps

golet & 4 Ak

A

<H 2-3> Y 0||He #2¥ HNST

7E s2g H o | 28 AN BF EETE
2,000TEU 7 4 13
3,000TEU 7/8 4/5 13
4,000TEU 8/9 5/6 13
5,000TEU 9 5/6 16
6,000TEU 9 5/6/7/ 17
8,000TEU 9/10 5/6 18
15,000TEU 10/11 6/7 28

XZ : Payer, H(1999), Feasibility and Practical Implications of Container Ships of 8,000TEU and
Beyond, Terminal Operation Conference & Exhibition, Genoa
McLellan, R. G(1997), Bigger Vessels, How Big is too Big, Maritime Policy Management,
Vol.24, No.2, pp.193-211.

(2) 2% A"l T A8

Maersk-Sealand, COSCO, P&OAl & AA F8 AH7Z|HAAE9 8000~
10,000TEUR ¢ thd e oludel tigh AxdF7F S7ketar e F40 0
20059 S 7o 2 st AxFQ 8000TEUR o449 ZH oYL &
1497, A 52 128%F 3400TEURA A3 o] 8613TEUC o] &t} 1
A @A, AxFU 8000TEUH o4 ZHeoUWd 7ked Hd A3
COSCOAFS] 10,000TEUw ©] ™, 522 CSCLAFY] 9,600TEUwR # COSCO
Aol 9400TEUH 59 ¢S 2 YERYT.

of

of

Mo



<E 2-4> 8,000TEUT O|& ZiHIO|UM LTS

Chel . &, TEU

de 2 At iy =g oIz 7|2t M4
10,000TEU= Cosco 4 40,000 2008 Hyundai
9,600TEU= CSCL 9 86,400 2006~2007 Samsung
9,400TEUZ Cosco 5 47,000 2006 Hyundai
Cosco 5 46,000 2008 Nantong KHI
- MSC 13 119,600 2005~2007 Samsung
920TEV= Maersk Sealand 4 36,800 2007~2008 Samsung
CMA CGM 4 36,800 2006 Hyundai, Samho
= Hapag Lloyd 2 17,400 2005 Hyundai
N NYK 4 34,800 2007 Hyundai
Hapag Lloyd 5 43,000 2007~2008 Hyundai
8,600TEU= HMM 4 34,400 2008 Hyundai, Samho
P&O Nedlloyd 5 43,000 2008 Hyundai, Samho
8 500TEU2 CSCL 4 34,000 2007 Hudong Zhonghua
’ P&O Nedlloyd 6 51,000 2005~2007 [HIMU
Hapag Lloyd 2 16,800 2005 Daewoo
= P&O Nedlloyd 3 25,200 2006 Daewoo
AL MSC 4 33,600 2005~2007 Daewoo
Maersk Sealand 6 50,400 2006~2008 Daewoo
MSC 6 49,200 2005~2006 Hyundai
= Cosco 3 24,600 2005~2006 Samho
A CMA CGM 10 82,000 2005~2007 | Hyundai, Samho
Yang Ming 9 41,000 2008~2009 CSBC
K Line 4 32,400 2006~2007 [HIMU
NYK 4 32,400 2007~2008 [HIMU
MOL 4 32,400 2007~2008 MHI
= Evergreen 5 40,500 2005~2006 Samsung
I Hatsu 1 8,100 2006 Samsung
Lloyd Triestino 1 8,100 2005 Samsung
Hatsu 1 8,100 2006 Samsung
O0CL 4 32,400 2006~2007 Samsung
- MSC 8 64,000 2005~2006 Hanjin
SUAIEDE Yang Ming 4 32,000 2006~2007 Hyundai
% - 149 1,283,400 - -

A2 : Containerisation International(2005)



A Ax7IE«=2% HY 12500TEUF Y Auvt AA 9 Azx7 7l5dH
o]24 07+ 15000~18,000TEUT Aute] /Max 7153 2 Ao
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+ B chadstof cist 7s)
- 20204 : 10,000TEUZ O] A} At %cﬂ
Alfred J. Baird (MA 1091# MAE 7H2EE 20074 7HA] 10,000TEUS, 20154

(1999) THR= 12,0005, 20154 OI—?—OHE 14000TEUS &8 of & st
A U2)

Hans ]. Payer
(2000)

20004 : 12,000TEUE &8 of &

Rijsenbrij
(2000)

&% 15~304 O[Lhofl 15,000~18,000TEUR &3

- 20054 : 8,500TEUH F&t

Ocean Shipping Consultants | (20084 : 12,000TEUZ 20~40% 23})
(2000) - 20108 : 12,500TEUS # &

(20124 : 12,000TEUS 54% Lo 23

Lloyd’s N -
- &% 5-104 o 12,500TEU= &8
(2001)
Drewry Shipping - 20054 : 8,000~9,000TEUZ 123 Lo 2%
Consultants (2001) - 20104 : 12,000TEUS 243 L9 2%

- 20104 7}X]

- 39X s} : 8000TEUZA ZE

S Al : 12500TEU (si24redel 27F)
- S A : 9,000~9,300TEU (71X A AH)
st ZIE] O|L{ £ 3 EH2004), &f5t0[(CHA) & S5 gotel EHO|
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<3 2-7> 6,000TEUZ Ol&t 99 On-deck HA L%

MUt R(TEV) ME(m) aE Mr () H| 2
6,000~7,600 08 17 28 5
8,000~9,100 453-45.6 18 28 5

12.000 50.0 19 Suez-Max
12,000 57.0 223 JlEN dAg=
15,000 69. 28 American Shipper

0
oo AU (2002), ZCHE ZAE[O|LAM 280l ChE[et A
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RE : ANETY WEAZ000), o
WL 0N Kfol]

Mo et st A28 Tls
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—

ZAdolvxe gygstz Qe FRo o]e A
AN S FAAA FAATS G5A A
S

20033 Cargo Systems”} oFH T Q1 Algo] diste] AAIdE ZAle w=
H 35 =248 (Out-Reach)7t 60m o] 2] gt A lo] A o]
39% &5 AAstE Ao ' LERRT.

20020l = S5 =17k 60m o]l b A el 1007 7F 2 9l aL
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(1) | St9SH | ZEE | ZEAE | HYSE | EY¥SEE | ()
(8) |(Outreach)|(Backreach)| (m/min) | (m/min)
Doosan Heavy 8 51 61 20 75/150 210 2003
Industry 60/170
Fantuzzi Reggiane 25 - - - - - -
Hyundai 17 65 63 2438 70/150 240 2003(11)
53/170 2003(6)
IMPSA Port 8 65 51 183 70/160 210 2003(6)
Systems 2004(2)
Kalmar BV 5 70 70 20 -/180 220 2003
Konecranes 9 65 51 19 75/150 210 2003
Liebherr 11 65 51 17.5 70/175 240 2003(10)
2004(1)
Mitsui Eng. 13 41 59.1 15 72/150 210 2003
&Shipb’ldg
Mitsubishi Heavy 9 50.8 55 15.24 75/150 210 2003
Industries
Noell Cranes 19 61 62.5 20 90/180 244 2003(10)
Systems 2004(9)
Paceco Espana 5 61 58.5 14 90/180 215 2003
SPMP 23 70 70 18 90/220 240 2003
ZPMC 67 65 65 = 90/180 244 2003
Total 219 70 70 24.38 90/220 244

XZ : Cargo Systems(2003, 3)
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(1) ALH 5959

<FE 2-10>2 ko] iR S AbA S fsto] AlAE divlE, AAA
& 2 s9sE S dEda vk deEoHENE Y AANT e E S
AARA = T8 842 C/C(Container Crane)tlF+ 37], AAHAF&S o
A&l wel, 30%—60%, &S 196-22% FEAA BAH o, A
A9l aaE <FE 2-10>3 2t

2o A4 T sged 71Ed 30WTEUS AMHl& 3 &/
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c/coix ch 3 3 3 3 3 3 3 3
HZHAA ofZbRtolol4 | 365 | 365 | 365 | 365 | 365 | 365 | 365 | 365
JtSAiZE | LAXMAAZE | 4 1 24 24 24 24 24 24
3ol MMERES | 030 | 035 | 040 | 042 | 045 | 050 | 055 | 0.60
xtof MERO[SAE | 090 | 090 | 090 | 090 | 090 | 090 | 090 | 090

S QARAAL | 095 | 095 | 095 | 095 | 095 | 095 | 095 | 095
NZUE | AmoiAztg | 08 | 08 | 08 | 08 | 08 | 08 | 08 | 08
320l HASE(VAN) | 4 45 45 45 45 45 45 45

AMXHAL | 075 | 075 | 075 | 075 | 075 | 075 | 075 | 075

KI‘@E% 7|.A4 A
B AL 083 | 083 | 083 | 083 | 083 | 083 | 083 | 083
AT TEU/VAN | 148 | 148 | 148 | 148 | 148 | 148 | 148 | 148
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<EH 2-12> (59 2HO|HE DY X2l

Cte| . TEU
T= Aty AlMCY ot Aot 2 A
‘004 1433801 | 1,282,135 | 1,769,120 - 312,299 386,818
‘014 1,272,288 | 1,319,761 | 1,922,497 - 447,693 432,941
‘024 1534586 | 1,528,285 | 2,261,484 | 481,182 502,450 505,959
‘034 1575986 | 1,769,787 | 2516290 | 759453 533,787 509,349
‘041 1825523 | 1,994,881 | 2,723,733 | 976321 549,872 548,074
MM 5 4 4 3 3 2
MME A2
3069172 | 3820713 | 565371 160,394 | 1674833 | 2529795
(2002)
MME A2
3151972 | 4424468 | 629,0725 | 253,151 177,929 | 254,6745
(2003)
MME A2
365,105 498,720 680,933 325,440 183,291 274,037
(20044)
XZ st AEH 0| FFSTH2001~2004), ZIE0| 32 REFO[EAM(AHS)
SAOESAN2005), 20044 = FAkE ZH0[HEE AME| ! +ESA
23 d 9 AP FAFe AlH H AYAA 6w
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MAZlo| 11,790m 10,921m 8,005m 6,173m
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1,953
(576,459) 22.27 2176 21.81 1.78
1,399 1.54
1,213 (411,286) 1.07
(359,778)
12.37 0.75
702
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<IH 3-3> Fibet AE0]E9] 5z 2H0l|M 728 gde)

LR
T2 2000 2001 2002 2003 2004 A
1,000 Ofs} 694 241 340 393 394 2,062
1,000~2,000 610 509 408 414 442 2,383
2,000~3,000 248 258 189 175 257 1,127
3,000~4,000 194 227 231 225 217 1,094
4,000~5,000 28 33 110 156 144 471
5,000 0] 4 2 11 58 55 38 164
2HA| 1,776 1,279 1,336 1,418 1,492 7,301

A2 £M3 AE{D](2000~2004)
2) AeelyM rd FEAGNE A7

AT EAUWA] A AU R 5dzbe] g A P
= A¥rd, 1,000TEU~2,000TEUw A1Me] 2044645TEUR 7 B2 3
5 Agstgen, 1 vBFo®E 3000TEU~4,000TEUwR 4o
1,909,275TEUE A & 3} St

<HE 3-4> 2418 AHOIE Q| 52t AH 0|4 #2Y slEXe|E
Cte| : TEU

T 2000 2001 2002 2003 2004 A
1,000 Ofs} 214,530 138,075 221,301 246,886 253 478 1,074,270
1,000~2,000 429,802 365,880 377,991 404,359 466,613 2,044,645
2,000~3,000 258,551 316,305 221,090 195,781 337,806 1,329,533
3,000~4,000 330,162 375,565 405,820 380,024 417,704 1,909,275

HIT

4000~5,000 | 44885 54,203 183,018 251,935 244,988 779,029

5000 0|4 | 5811 12,535 135,074 115,943 70,009 339,372

i 1283741 | 1262563 | 1544294 | 1594928 | 1790598 | 776124
A2 £A3 AE{D[(2000~2004)
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1,745TEU, 4,000TEU~5000TEUw “4ro] 1645TEUE A sttt ¥
2,000TEU~3,000TEUw 42 1,174TEU, 2,000TEUw °]ste] Zduk&

1,OOOTEU w| ko] st&ES& AHegomn v 7 7AdsS Aud st
o] Aol St AR FAEHAT.
<E 3-5> Pkt AE{0IE9 542t AHo|yM 28 Mutd st=Ekx{e|g
Chel : TEU
78 2000 2001 2002 2003 2004 Y7
1,000 0|} 309 573 651 628 643 561
1,000~2,000 705 719 926 977 1,056 877
2,000~3,000 | 1,043 1,226 1,170 1,119 1314 1,174
3,000~4000 | 1,702 1,654 1,757 1,689 1925 1,745
4000~5,000 | 1,603 1,643 1,664 1615 1,701 1,645
5000 04 | 2,906 1,140 2,329 2,108 1842 2,065
7 15378 1,159 1416 1,356 1414 1,345
A2 EAE AE{D[D(2000~2004)
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2,000TEUS Al8F oA] 1719 ey Aol F
32 Ay Aoz etk wbd, 2000TEU~3,000TEUS Aute] 7 $-
371, 3,000TEU~4,000TEU® % 4,000TEU~5000TEUR Aute] 79 57]
5000TEUR o]4te] Autel 9 4719 ZAHeoly A ele] FYHAS
APAIEE 7MY B sES A Aoz Y. oA
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Chel : TEU
) 17| 27 37| 47| 57

1,000 0|3} 4330 40.20 36.48

1,000~2,000 39.40 36,55 36.40 36,53

2,000~3,000 36.36 36.26 39.61 39.53

3,000~4,000 3243 36.89 3722 37,31 37.61
4,000~5,000 - 38.10 40.82 4240 4368

5,000 0| At - 35.36 35.89 39.37 3827
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rr
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