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Abstract

A Study on the efficiency of Container terminals

-Work Load Distribution-
Kwon Min-Kyun

Department of Shipping & Port Logistics
Graduate School of Marine Finance and Logistics
Korea Maritime And Ocean University

Today, competition between ports and domestic ports has intensified, mergers
of container terminals and mergers and acquisitions of container shipping
companies. As mergers and acquisitions between the ship service lines and
mergers are becoming increasingly competitive, it is becoming increasingly
competitive.And in the wake of Hanjin Shipping, changes in the market for
domestic and foreign containers are expected.

In order to reduce ship formation and unloading times, domestic shipping
companies are demanding improvements in the container terminals of Busan
portIn addition, the terminal is a time for the introduction of new operating
systems and equipment, and the introduction of the aging system and the
introduction of the new operating system.

However, the methods were presented in various parts of the container
terminal, but the individual characteristics and internal elements of the container
terminal were excluded.

Based on the study of literature, the study analyzed the existing YARD
operation and the operating system of the container terminals.

Analysis of the actual practice occurred after analyzing the actual operation of
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the WDI operation method in 2015 and the actual operation of the yard operation
method in 2015. All equipment is equally distributed to operate the ideal

equipment operation.
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2. %25 STOWGE PLAN ©] G/C &% &4
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G/C, T/C & vl 1%

714ets}t (4 16m ol AAFA )

of o] AzALAI AEE Zgoz 3 o= A TE A3}

G. 71eF LA
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3% Aeleld Fulary B4

ol
=

A,

2 o A= 201513 9] A olY Hud ] Yards G2 ol A Aol
AG, oFatEke] HkE<9] A7 Turn time®] =7} 201698 201593 %
ot 25 Z1Holy AA & FALdF & didEo], WDIWE 9oz &
H) o] 2=k EAky Aujg s S 235 7| sk

2015 Yard3 <3 w2l 2016 Yard3 3 w2
A4 ke aE s A2 Ak 183l
Plan
YardZ 3y =# YardZ Y =9,
Yard®] #}7-3A, Yard®] #7354,
Yard =% Z Yol Al A o]+, TR 53},
= s oz ekl
AGe A Aot HiE FA3 ArA| o7
2ol A
Fd 5 fA0E A 17153

[3£3-1] 2015 vs2016 Yard< <3 W2

Fo A B4 g0l 7] WDIA3 o)A A blockel] WH&E<] xp#ko] =
2, FHd o] A dA oA dejH o2 B blockeZ & A7FAY A 1
Hu WDIE T8t AAF A28l o2 MAof k= 9] x| 9} kel #Fo] A&
AH| 2 zpgFols o] o] Fo Xt}

14) W.D.I(Work Load Distribution Indenx)
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= R AFeZ = YT Turn Timee] A4S UERU O] S A
A& 7}s stk
A8 | DVF | LT SIN P WL SA | DVF LT [ SN P L 2A | O/F LTSI P WL | TA DYF | LT SN P WL
513 2 [ ] 2lesz ' 4 1 5|7 [ B 4| | 2 [ | a4
2 5 4 4
50 |e220-3 50 |e238-S 50 |e243-S 50 |g244-P
4B |DJ/F | LT SIN R WL 3B | DYF LT SN P L 2B | O/F LT SIN P WL 1B DYFE | LT SN P W L
BB.7 & 2|65 6 1 1(734 = 2 B|BR2 2 B
. | . ; | | . . |
50 |e217-3 50 |ez42-P 50 |e240-P 50
AC |D/F| LT SN Pm [ wL | 8C [OiF| LT [sen [P [wL | 2¢ [DiF | LT [Sim [PiM [ wL |1 [ DeF| LT [ S P [ wil
618 1 3 Bl GB28 1 2 Bl 746 = 1 BBEA 2 2 4
5 5 | 5 4 |
50 |e235-P 50 |e24B-S 50 |e2d45-S 50 |e236-1
4D | DVF | LT SIN B WL | SD | DYFE LT SN R WL 20 | 0fF LTSI P WL | TD DYFE | LT SN P W
50.1 [ 1lese ' 2| 3| 3lsaz ' 10 20 350 [T T |
1 8 14 (1]
50 | T230-P 50 50 T231-F 50 T233-3
AE |DJF | LT |SIN B WL | SE |DVF LT | SN PiM L 2E |O/F LT | SIN PIM WL | TE  DVF | LT SIN P 0w
a14| 1 | E 1 2  6|sas [ 3 4lzaz| 1 2 4
2 1 [ 4 1 4
50 |T234-4 50 50 | T226-P 50 [T227-3
aF [oiF| LT [sin [P [wL | 8F [DvF | Lr (S [Pim [ wL | 2F [OoF | G s P [ wiL | 1F [DiF| LT (S Pim [ wil
56.1 [ 2|56.1 N 4 Blaza V275 3lenn ' i
. I | . . | S \ |
50 |e241-N 50 |R750-3 50 |e21B-P 50
4G | DJ/F LT S/IN FBM WL BG  DYFE LT S BIM WL [ 26  DYF | LT SINRM WL (1 G DVF ) LT (S B Wil
436 [T 2 4|3 | 1T dls2e T | 1|433 1 1
4 1 | 1 0
50 [e218-1 50 [a237-P ' 50. |e216-1 50

[193-1] W.D.I Viewer

Ly

H3-1]ell A HofA]

o], @A 2D2] 4% HA WLISZ} 142 7Hg
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AN 1l .
ol wize] ul7IAbe] BAo elgglol, B BEel ulw A Fe
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3.1 Work Load Distribution Index.

+ Measuring movement distribution among RTGCs

{ abs [ move handled by active RTGCn per hour — average active RTGC maove per hour ) )
*» Formula: WDI = 37
1 Total RTGC meves per hous
+ A low index value indicates a more evenly distributed workload

+Ideally “ Zero " if all RTGCs have the same workload

RTGC1 RTGC 2 RTGC 2 RTGC 4 RTGCS
Case 1. m m m m
15move 22move 25move 28move 10mowe
15-20) + (22-20 2520 28-20 1020
WDI:f N LR} TE I ) =03
100
RTGC 1 RTGC 2 RTGC 3 RTGC 4 RTGC 5

L I
oz s f 2im 25m 15ma

(20-200 + (22-200+ (23200 # (25-20) +A15-200

WDI = =0.15
100

#  WDI in 2015 : 0094 —— WDI in 2016 : ? (At least 5% |)

[28 3-2] W.D.I Module
2kt Aoy E 4 2 EE5 S sdslo] BAO #]Jo] o] Folx= HH.

=1
= A4 24 WDIS i ol

4]
sk, g 039) ghel vhesd #uk.

Case2 | 7% 5t¢] RTGC7} 14714g] o 8le] & B Movedhe 0.150
el ol Alee vhehe, 1
oA Hrh nEA e Zyge

9Ye A F4 e Pl e, 599 RTGCH EAlsha, 2429
[e;

_—
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3-2. WD.I FHEAE.

2015 HKT Operations Report_WDI

WDI(Workioad Distribution Index)

5 [rr—— DEfference Yoar Hfference
! = m'l Hn'-;!:ﬂt 'w—r )
LER ] = (a-c) -

YT 0111 0. 108 (e} 102.8%
Jan o092 0.099 0.007 92.9% 0. 122 0.030 TE_ 4%
Feb 0.118 0092 D.026 128.3% 0. 106 0.012 111.3%
Mar 102 0118 0016 86_4% 0.129 0027 79 1%
Apr 0126 0102 0024 123 5% 0105 0021 120 0%
May 0. 135 0126 {0 [d2] 10T 1% 0. 106 0029 127 4%
Jun 0.121 0135 0014 89.6% 0.125 0. 004 96 8%
Jul 0. t4d g 121 D.0z3 119 0% o112 0.032 128 6%
Aug 011 0. 144 0034 FE_ 4% o126 0016 ar_.3%
Seap [ T a_ 14 0. 002 101_8% 0. 103 0. 0o 103 T%
Oct o087 go112 0025 Tr.T%: o137 0050 B3_5%
Mo o112 Q08T 0.0Z5 128. 7% o092 0,020 121.7%
Dec o112 o112 - 100.0%% a.099 0013 113.1%

[2%] 3-3] W.DI 20159 =&

201561 W.DI A& o]d €] Dataol™, #¢iate] fd R 72 o]Fo| Rt

20153 2] EE HAF 25t RTGCS MoveE A E.

198 Ade] ggo g =271 gagort 4458 7974 5% 4

Fxge] S7t= st WD X7F 753t

[2193-5]¢F [293-6]°] A8k 20154, 20161 WDI ARE =&,
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2016 HK'T Operations Report_WIDI

Whil(Worklicad Distribution Index)

ity (ab) -~ icl ) 53
YTD 0.D95 o111]- o 85.6%
Jan 0094 0.112|- 0.0t8 83 9% 0092 0.0z 102_2%
Feb 0.092 0.094]- 0002 97 9% 0.118(- 0.026 T8.0%
Mar 0.117 0.092 0.025 127.2% 0.10:2 0.015 114. 7%
Pt ety 0.1 0.117 0017 85 5% 0.126(- 0026 79 4%
Mlay 0.0E3 0.1 Q0N 83 0% 0.135|- 0052 61.5%
Jun 0059 (RN | 0_00E 107 /2% 0.121|- 0032 73 6%
Jul 0.039 U_ﬂaé 100 ﬂ“"’n 0144 |- 0.055 651.8%
Aug 0. 104 0.089) 0.015 116.9% 011%)- 0.006 94 5%
Sep 0.117 o | 0013 112.5% 0.112 0,005 104 5%
Ot 0143 o147 0026 122.2% 0087 0056 164 4%
[1¥3-4] W.D.I 2016\ Z}=
20161 de] WDIsAlelvt. Al diH|ste] Hdubxom FX7F FolEo,
W.DIA o] 5 2f ko] Eabo] dojwrom, An] g84de] SHoA 2 23&5
derih 2 99 E @SSR Qlste] X el Frel BE ] F7)
& sk, of= ®EES) B o= AA o] TR Qlste], WDI A= 99 E
7% Al H Ak ¥ A 20159 20161 9] EE o] v Szttt JHAsithaL
7} stel, WDIE Al shlch

kel dAH Rl FAe S7F %

Collection @ kmou



RTGC Operations Report for Workload Distribution Index

Period - 2015/01/01 — 2015/12/31

Cperating hour (2 Mowe per hour (3 Deviation @
@ = @D @ = abs(® — Ave.)| @ = Sum@ / Sum@

| 110560 | 482693 | 2290 | | |
| 37233 | 507923 [  1i7vi7 | 573 [ |
| 41244 | 206982 | 1983 |  zs83 | |
| 61336 | 286838 | 2133 | 1353 | |
| 25477 | 133522 | 1839 | 451 | |
| 31700 | 160613 | 174 | 317 [ |
757477 | 2292 | ool | |
| i7s.256 |  7.892.07 | 2243 | g4 | |

| 70037 |  =27l007 | 2584 | 284 | |
| 173980 |  7a33l9v | 2373 | o8z [ |
| 77441 | 282647 | 2846 | 338 | |
| 152,805 | 669827 | 2281 | o008 [ |
| 204041 | 324827y | . - 2476 | 135 | |
| 132750 | _ - \resrlol|L U,/ /2380 | o080 | |

Period - 2016/01/01 ~ 2016/10/31
Move (I Operating hour 2| hove Der hour &3 Peviation @) w.DI®
@ - @ = aba(@ — Ave )| © T SumElSum

Aversge 208236 | o Zzasaf |
[C216 | 78389 | wazasppoli 5 g7@g | 56 |

[C218 | sesop | o y@svgs | o g@es | 250 |
[C220 ageBn | o\ gyas [ 7177 |
[C22R | 3zgos | 1@3EEE | 2006 | 280 |
[rCz28 | 26532 | ppgz | 2pFp | 245 |
[C230 20 gg.gg | g2z [ aop |
[C2a2 | jaz772 |  pasRs3: | 233 | (D.5E |
[C23s | gacizss [ sAIzap | 2zE0 | (D5 |
[C2aR 7291 | j@zzqs [ =2EE1 | 2@R |
[C238 | 169361 | 2 B2%afZ |  Zass | 1.4] |
[Czan RO.ET0 §547.77 |  Zarz [ 71.37 |
[C2a32 | 17pa8s | ATRE0Q | 2F02 | 1.38 |
[ 3 | F150a [  zsRsEQ | 2307 | agy |

[28 3-6] RTGC Movement 2016
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3-3 AFAHE 4.

Brujdel 25 2 A A5 X gol dd 20159 7 20161 0] B U st}

AL A F A&
20159 19 A= 5.3 24800 51.4%
2015\ 29 A= 0.6 26734 55.4%
2015 3¢ FA = 5.3 23629 49%
20159 49 FA = 5.1 26510 94.9%
20154 5¥ FA = 0.0 21237 96.4%
201541 6¥ FA = 0.6 21302 96.6%
2015 7¥ FA = 5.5 21321 96.6%
201541 8¢ FA = 5.8 27770 97.5%
20154 9¥ FA = 5.3 25170 52.2%
20154 109 x| = 0.4 28443 98.9%
2015\ 11¥9 A== 0.6 29218 60.6%
20154 12¢ x| & 0.8 217396 96.8%

[3#3-2] 20151 X =F A=
2| %

o
Aoy AAds 3 &

=

F& w9l TEUR v 201549 1958 12¢
x|

o] Hyt FA LS4 559 HAH 26795TEU 2] @05.5% = WEIT

i
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AL A F A&
20161 1¢¥ HX|F 0.7 26398 o4.7%
20161 2¢ HX|F 0.7 28110 58.3%
20161 39 FA = 5.1 20848 93.6%
201613 4¢ FX|F 49 27224 56.4%
20161 59 FA|=F 0.6 26610 55.1%
201611 69 A= 5.3 27182 56.3%
20161 79 A = 5.1 26804 90.9%
20161 8¢¥ x| =k 5.3 27263 96.5%
20161 99 x| =F 5.3 29707 61.6%
201611 109 x| = 0.6 30546 63.3%

[3£ 3-3] 20161 &A% A=,

20161 1¥€5-8 10¥ 9 vt A A 539 A& 27743TEU A& 575%
20161 198 849 A A F 539 FA 7 26897TEU A& 55.7%°|t}.

T-AAS F3lo] A vugie 2= 272 YEFd oy, 2015937 2016 1
27, 201593 2016 1€945-H 8¥YxE.(909 3| SALH 2 E% o
=7} A F71) [ 3-5], [&F 3-6], [E 3-7], [& 3-8] &%,

e
.
iyl
—
(@)
o
pe %o
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2015 2016
it 5.44 5.36
s 0.040444 0.078222
B=5 10 10
ol& A A 0.327922
7hd =) 0
A= 9
t BAY 0.884651
P(T<=t) &= A 0.199680
t 714# &= 34 1.833112
P(T<=t) 4= 14 0.399361
t 7122 %= AA 2.262157

[¥ 3-4] T-A% (201549,201641 1€ ~109)Ax L4
20154, 201611 1¥€5-H 109 FA L4 Aol g2 - 0.08°]th

oL
ot
Bl

2015 2016
Bt 5.4625 5.3375
Ak 0.048392 0.09125
HE 8 8
o] A AF 0.368150
7 A} 0
A= 7
t A% 1.173862
P(T<=t) &= A 0.139418
t 714# &= A4 1.833112
P(T<=t) 4= #A 0.278837
t 714A 4= A4 2.364624

o,
=
N

[ 3-5] T-HA (

20154, 20160 1€ 5-¢

015%1,20161d 1€ ~8¥) &A1 A=+

g AL Zeolgk - 012500

Q0
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2015 2016
it 54.89 57.13
HA 9.4876667 95756667
HE 10 10
goj& g Al 0.39241544
7 A} 0
A= 9
t BAG -2.0813434
P(T<=t) @3 A 0.03355943
t 712tx 9= A4 1.83311293
P(T<=t) 4= 14 0.06711886
t 7122 %= HA 2.2621576

[ 3-6] T-H*%

oL
|

Bt (20151,201610 19 ~10¥)d2]& A}o]h(2.24)

2015 2016
Bt 54.725 55.8
s 8.83642857 1.99714286
HET 8 8
goj& A Al 0.65258034
7 =) 0
2= 7
t A -1.3144606
P(T<=t) &= A 0.11506017
t 712tx] 9= A4 1.89457861
P(T<=t) 4= 14 0.23012033
t 714A] 4= A4 2.36462425

[ 3-7] T-AA FHF (20159,20161 1€ ~89) &A=& =}Fo| 3H(1.075)
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20151 W.D.I 201611 W.D.I Afo) gk
14 0.092 0.094 0.002
24 0.118 0.092 -0.026
3¢ 0.102 0.117 0.015
49 0.126 0.1 -0.026
5¢ 0.135 0.083 -0.052
6% 0.121 0.089 -0.032
74 0.144 0.089 -0.055
¥ 0.11 0.104 -0.006
9¢ 0.112 0.117 0.005
10€¢ 0.087 0.143 0.056
1194 0.112
129 0.112
[3 3-8] 20154, 201613 W.D.I DATA
2015 2016
3t 0.1147 0.128
Ak 0.000324677777777 0.000332844444444
HE5T 10 10
o] Ao A =0.70931675803489
7 Ak 0
A= 9
t SA 2 1.12250276474963
P(T<=t) &= A4 0.14535035721151
t 7174% &= 1A 1.83311293265624
P(T<=t) ¥= #AA 0.29070071442302
t 7172 FS H2A 2.26215716279321
[3% 3-9] 20159 1€¥€~109 vs 201613 1€ ~10¢ THA.
2015 2016
Bt 0.1147 0.128
Ak 0.000324677777777 0.000332844444444
5T 10 10
o] Ao A -0.70931675803489
7 At Ak 0
A= 9
t A% 1.12250276474963
P(T<=t) &= 74 0.14535035721151
t 717hx @5 AA 1.83311293265624
P(T<=t) %= #AA 0.29070071442302
t 7142 FS H2A 2.26215716279321

0¢)

[3# 3-10] 20154 1€ ~8¢¥ vs 20161 1¥~89 THA.
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19 ~89 #An 19 ~10¢ AAn
(20153 oi¥] 2016 | (20151 uHH] 20164
Azt 7 2}0]) Y 27 2}o])
Hitzlo] = -0.0225 Harzko]l = -0.0119
W.D.I T3k = 2.562 T3k = -1.123
Pzt = 037~ Pz = .0.29
Harzko] = -0.125 Hatako]l = -0.08
FA A4 Tz = -0.885 Tz = 1.174
Pzt = 0.399 Pz = 0.279
Hatzko] = 1.075 Hatako] = 2.24
A & Tk = 1.314 Tk = 2.081
P37k = 0.230 Pzt = 0.067 °

W.DI ol A 4ol A 19~822] Aol 59
Qo] Bato] frolHon gaBes ovis,
W.DI Aol Aol A 19~1092] Aol =
19~1099) Aot o
WA 19 ~109 AoloAw
o8hA] ot g,
Ak o= WDIY %
A= Azd A &

da7h Helew, A

Collection @ kmou

T+ 5%l fre

S0
AT A

FrolahA ko, A &olA
109914 T oFshubel el st

A go] FAAGOlE Beha BALS &

| S7ke H< 99 100




477 4E

4-1. A&

o Aol AstEal, Adely Huld e

s

g

3} e} =)

U

o

;OO

A
o]

=

T

P
=

Aol

o o
al

]
=

=] = S A1

SR DIER=TIEE

ato], =] AH oY

G

bol, Sl MAE

]

-

o

LS

oluba glth. AukA]
(e}

°©

A Z oty 18 Ag ol

oA Rl Al E e, A

27F wjAlE o] A = A

o]
o] /ﬂi /E}o]

[

il ALl =
=°]7] 4
¢} YARD

=
) .

[e)
219

o
=

2
:\___L_‘

i
e 7
=48t ASAbE A o2 Akl TR E ol v Em] el A 20151

s

20161 3%

o]y HAFES
BERE

1

0.
H

HE
H

vl
=
i o\l
- X

1

hy:
of AMuh chE s 9 A AR

e o 3ok

=

=

(e}

=

SHARE & Aol WDI= A&l 3ol B H oY Er]

s
T oY

i
[e)

XA}

Al A} e,
AN A AAE YA 3

LRSI
YARD Lay out,

|

o
R
o]

Collection @ kmou



A

%

)

T2 H7F AEleld Hud e

]

-

E_O

RO RE N Uk oop T do W
%%Mm Mﬂﬂ.mﬂ xoom R
o B o= WM Ew wow A
X - Lw F g 4 wO W
~ 9 8 = T
M NO T o 2 oo o
uo%,_nTu ﬂﬂ&mmﬂ% oo P
;O>A ]]LJEO o)
<eE TEHdxe T NN
T -1 —~ —_— 10!1_!
T - I T m X
® o & =2 QP =
xR Q s E LR WE R
]»GWr]mumﬂOI. 08 R
XQITOMOlIZD o e
T~ F TS A = o
N e i)
LR =B ET - TG
- e T o LR =
TR RN inE s R0
]Emrﬂﬂ_umﬂ7ﬂﬁ,_ ﬂnutm
o o do B oNoo ot = o o0 —
TEIR T W g B N2
PEE Lo o W&, /T
P! KX T X o = w oA K
o BKOZ R O T R /T R
my ol A o xo =K o ol
A TN N O CUN
N EIICRCTE: SO
UT_MﬂATvTHL‘._‘LIEO‘UI_/ JI
wjp o o B om L )
Ha}lﬂ,iu,\ﬂugllmoﬂl@mdujﬁl
,MWFEO#,IHQWL;OX,A_GLIU
Mﬂ77LJ|J.10I EA R N O
R SGI J CRRAN N S N
B X2 EgerXE _w T F
~ BT RN T g oY OBE W
o T m oA o8 ET N o T Ao

16) A719-s =293l
17) 71875 293l

Collection @ kmou



<z

ke
el
rl
V

1. sEd

Ar1(2006), THAEHOIY EuldalM o] ARG A HIAT
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