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Abstract - Container terminal yards operate under a high degree of uncertainty as the contact point between inbound and outbound
operations of vessels and external trucks. The layout, equipment operations. and job orders at the yards determine the eflicacy and delays
of the work, so many studies have investigated improvements in efliciency. H company, a container terminal operator developed an index
called WDI to distribute work among RTGCs. The WDI is an indicator to prevent congestion in one place by equally distributing the
work to each RTGC. This paper analyzes the eflect of the WDI introduction and discusses the causes and results of the WDI introduction

eflect from quantitative and qualitative perspectives.

Key words - Container Terminal, Yard, Equipment Assignment, t-Test, Workload Distribution
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om ¢ EAE ARHor AF9)x g Fa )
7:2 A4 Tol Jth.(Héctor. J. C. et al, 2014)
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RMGC(Rail Mounted Gantry Crane), RTGC(Rubber Tired
Gantry Crane), 2E &S 7g]o], 281 7|e} & Aoy =
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YTE AN x40 45 gdsy ZX43 dd Al YTE 53¢ vl 2489stx ¢ 2ad o »jic}
H YT &9 #AZE dudez A9 g9 EA47F doh. AYS @23+ Pooling 2 (Cha and Noh, 2014)3; £
a3t Dedicated W Solm B 43t S $xez & fEAL]F(Chung

YT HE GC(Gantry Crane)d 17
213} zZHio] Q3 o] YTE U3 &93F= Pooling  and Shin, 2009; Goodchild and Carlos, 2006)-2] 0.2 &3}

12 (Shin and Kwon, 2009)°] th &2 o]t} i QlTh

RTGCE dAl A5 &5 #% ofyg 2 E50=
o]0l 7hed Fdcloz 114702 ZH oY EHuldoA Table 1 Storage yard operations classification scheme.
63.2%7F AH&5 = Anlolth(Wiese et al, 2011) RTGCe] & Deseription Prosent State
3 ZAE %H] I FHA A olE »AL2 AN Stacked Containers 29 blocks
Oﬂ HHi]% ?:'_]' Zi?lﬂ'% ﬁazj'é‘]——“—:— Eﬂ o] o}o = Xﬂ(Wiese et all, Ernpty Containers 15 blocks
2011), o Ao 2 FAHAE 8T AJVME AAs e Lay | Reefer Containers 3 blocks
o 4l (Petering et al, 2009; Lee et all, 2007)7} 1t} Jeon out Hazardous Containers 1 block
et al.(2006)2 X 7e] RMGC ¥l th4=s} 529 o]y itaCkSLimit 200/
o FR/EE S A0 wgoR /e 2ele g g Storage e L

T7b ok AERle] AdAIRE A Aol mAl= Fds At .| Reach Stackers 5
AT BEe) of= ZEQ) A Halg BAAYE Ao A Bawp %

ment -
2 o e d3E BolFdnh ® Aol M RTGCE A4 Yard Chassis 337
s BUe e s RTGOE ddel 2450 914 Front Loader _ H_
o Bze) 47 Wgome oo sl-ame RMGCO Dedicated/Pooling Dedicated .
= o S Numbers of RTGCs 28 (24 available)
Hl8) 7]1E7d0] Houtt olet Ze 57> RTGC7H RMGC Cranes per block is |2, Sometimes +
o HEl 2 T3 AHE FANES WIT 42 gomT O Chara | used Reach Stacker
3# RMGCE AFesh Antng 2e] Habe] glajd o e c.teris Dual passing RTGCs None
AR AAS - A & 2 o, tics arrangement is useq
Twin(non-passing)

Aoy EHuld $9ARl HAAME 7]1E Tl ARE: RTGCs arrangement is | 2, sometimes
FQ FGAS At Al FU S 1183t used
EE F e FAds wdshA mlEE Aol Suha i,
WDI(Work Distribution Index)et= #94#%5 &3 HY2 oleld WAL Ere HAS Aule] £ 582 ol
2HE dxnl7] ko] 20160 HEH =, &8st ot B = Ly w90 HEE WDIE 2016d¢] EAHo R walad
& WDIS =giadtel] wiste] HARS] AtElE S B35 RTGeY 29<e a9ste] £G5S o)y w8le 5
AV EI FAM R A S AR, A UM T g WD zF gule) dupirEe] 2] Ralrl dweA &
o 55 B 25 199 E RS WDIA Y g 7] 9@ LA WDIgke] Hom H&52 Hgjo] 1
S Aelsta 34 HAPZE WDIE =98 aatel] tate] B = nagoga o 4 9
Astar 4ol A A Atk A A RES WDIZ AMEE 48 oo A(1), 2@k 2.

2. HAIQ| si& 4 wDIe| 744 x,,=Move handled by active RTGC per hour 1)

HARE & W4 oF 624,000mol $741 15me] A4 57015 2t " |z, — average active RTGCmove per hour |
Fa Qo 99 750m'e] CFSE Hf3ta WD]Z? Total RTGCmoves per hour @

HARS X7 @8 9 SiAE gotstr] & theo
Table 19} Zeo] ZAG ¢FEAE 9 JAEA FA4 AR 2 (1S ZHzhe] A7) Zde 5ol A RE &
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2ol ghA #AI8HA % #9] 3122 U grolw o]= WDIEt: dHEE ahrl).

HAFE AA, 819, ZH-J% 29 T 22 o] dast 7}, BEHJ RTGC7}F €At % 100389 2 Zhzhe

H 2 E5°l  RTGC7} v+&-9] Table 2¢] Case 13} Case 19} 7o) 24d3t

s

q
lolUEe 714 & B2 4Fa 21 o
o

A
B4 gt $9sta ok o) YT 2 RIS )
e 2mo) 2 AAE RS o agele] @ B2



>
o
o
=

h
o
o
1=

A5t - A

Table 2 Example of RTGC working index Table 4 WDI in 2016 — After
RTGC Index WD 5{)?1\{5 Difference ?%%‘; Difference
Case | 1 2 3 4 5 | Total W e | e | W @o | %
I 15 29 25 28 10 100 AVG | 0.095 0.111 0| &6
I 20 0 23 5 5 100 Jan | 0.094 | 0.112 | 0.018 | 839 | 0.092 | 0.002 | 102.2
Feb | 0.092 | 0.094 | 0.002 | 979 | 0.118 | 0.026 | 78.0

Mar | 0117 | 0.092 | 0.025 | 127.2 | 0.102 | 0.015 | 114.7

Case 13} T8 #49151520] o] 58 o3 molw Case Te] | Apr | 01| 0117 | 0017 | 855 | 0.126 | 0.026 | 794
s May | 0083 | 010017 | 8300135 | 0052 | 615

A7} =}ol7} C I vl = 23 Ax7) A =
G7E Hel7) Case 190 WIS ZjT SE7E Al ol 0089 | 0088 | 0.006 | 107.2 | 0421 | 0082 | 736
A= Case 9] #48d abe] & o & ol #ARE= #5730 T 0089 | 0089 | — | 1000 | 0144 | 0.055 | 618
2 9k 4 (D3 98 Eu2 WDIE Aetd 22E o [Aug 10004 | 0089 | 0.015 | 1169 | 0.11 | 0.006 | 945
o 4 (3), (e} 2t Sep | 0.117 | 0104 | 0,013 | 1125 | 0.112 | 0.005 | 1045
Oct | 0143 | 0117 | 0.026 | 122.2 | 0.087 | 0.056 | 164.4
Nov 0.0 0.0
Wor, = |15 — 20| +122 — 20| + |25 — 20| + 28 — 20| + |10 — 20| —03 (3) Dec 00 00

100

o) - SiR=2 T o

20— 20/ +122— 20+ 23— 20|+ 25— 20|+ [15— 20| _ “ Table 37 Table 4°1 WDKA)= sj3rdel
WD, = 100 =015 @ WpIg A geln AAWDIB)E SFdEe] ofd @
WDIE A4keE ghelth 183 :dWDI(C s

i
-

Case 19 vl Case 2 WDI 3to] Bor=z Au7t w3 €EWDIE A4k gholth
T 2AkE ATk & 4 9tk o] R WDIgke] How 2 A A WelA 71k o]l WDIS| =9 H3 5
[e3]
AR

- -
of o ulo] Balx ek WA A¥lSel BuF Bawel VIR A (RS ER) AHAEAL NGRS Bk
3 2

N
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Ba @ & ek TEe G7h BA Rornw (AAS Axaglen] 0l5dL
127029 A=) 9ot 20163 107092 B3 Aav E4)
3. WDI EQlS1lo| Matx =AM st TAR 747 1904 10€7HA1 2] A5 E vl es gk
t}.
thee] Table 3% Table 4= HAPF WDIE =93ke] 24 Table 5 Storage of days and amounts in the Yard
2 w57 A9l 717191 20159 19~ 129% WDIE =93 — R —
= o = == ay's ounts
i ﬂﬂﬂodwg RSO j&ag A= Period | 2015 2016 Period | 2015 2016
2016% 1% 'é ”}X ./] “121]—/] WDI= 71”/}_}‘@' ﬁaj’]'o] ‘j[‘ Jan 5.3 57 _]8.1’1 51.4 54.7
) . Feb 56 5.7 Feb 55.4 53.3
Table 3 WDI in 2015 - Before Mar 53 51 Mar 19 536
WDI ri’g%‘éh Difference PI;Vr- Difference Apr 5.1 4.9 Apr 54.9 6.4
A) WDI | (A-p) o I | (0o % May 55 56 May 56.4 5.1
(B) © Jun 56 5.3 Jun | 566 | 563
AVG | 0.111 0.108 0] 1028 Jul 55 51 Jul 566 555
Jan 0.092 | 0.099 | 0.007 | 929 | 0.122 | 0.030 | 754 Aug 58 53 Aug 575 565
Feb | 0.118 | 0.092 | 0.026 | 128.3 | 0.106 | 0.012 | 111.3 Sep 53 53 Sep 5.2 616
Mar | 0102 | 0.118 | 0.016 | 8.4 | 0.129 | 0.027 | 79.1 Oct 54 56 Oct 539 63.3
Apr | 0126 | 0.102 | 0.024 | 1235 | 0.105 | 0.021 | 120.0 Nov 56 Nov 606
May | 0.136 | 0.126 | 0.009 | 107.1 | 0.106 | 0.029 | 1274 Dec 58 Dec 563

Jun | 0121 | 0136 | 0014 | 89.6 | 0.125 | 0.004 | 96.8
Jul 0.144 | 0135 | 0.023 | 119.0 | 0.112 | 0.032 | 128.6

Aug | 01101210034 | 764 ]0.126] 0016 | 87.3 Table 5914 201611 99 o|F= Ejv]de] Eako] 7]&Eo
Sep | 0.112 | 0.11 | 0.002 | 101.8 | 0.108 | 0.004 | 103.7 H)a) ol w7 Z7let=d o] AL 20169 8Y 309 AL
Oct | 0087|0112 0025 | 7770137 [ 0050 | 635 o MATE NG, TS A o5t .
Nov | 0.112 | 0.087 | 0.025 | 1287 | 0.092 | 0.020 | 121.7 O] j‘;’ﬂ‘:"o ® slﬂ A AR &5 e HH:
Dec | 0.112 | 0.112 -1 1000099 | 0013 | 113.1 ol Ao woltt wakxd HEE HuE Yass e
A}el] 2} 715‘% Aot 9] J 295 HHXﬂ 3171 %’4'811 2016\ 9
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Table 6 t-Test for 2015 and 2016(Jan~Oct)

Variable 1 | Variable 2
Average 0.1147 0.1028
Distribution 0.000324678 | 0.000332844
No. of observations 10 10
Pearson correl.a‘.aon 0709316758
coefficient
Hypothesis Mean 0
Difference
Degree of freedom 9
t-statistic 1.122502765
P(T<=t) one-tailed test 0.145350357
t Rejected one-tailed test 1.833112933
P(T<=t) two-tailed test 0.290700714
t Rejected two-tailed test 2.262157163
Table 7 t-Test for 2015 and 2016(Jan~ Aug)
Variable 1 | Variable 2
Average 0.1185 0.096
Distribution 0.000290286 | 0.000115429
No. of observations 8 8
Pearson correlha‘_uon 0577516922
coefficient
Hypothesis Mean 0
Difference
Degree of freedom 7
t—statistic 2.561737691
P(T<=t) one-tailed test 0.018728268
t Rejected one-tailed test 1.894578605
P(T<=t) two-tailed test 0.037456535
t Rejected two-tailed test 2.364624252
Table 8 Pair Comparison
Jan—-Aug Pair Jan—COct Pair
Comparision Comparision

in 2015 to 2016

in 2015 to 2016

Mean difference=-0.0225
T value=2.562

Mean difference=-0.0119
T value=-1.123

‘WDI
P value=.037 #* P#kvalue=.0.29
Mean difference=-0.125 Mean difference=-0.08
Storage T=-0.8% T#=1.174
days P%=0.399 P#=0.279
Mean difference=1.075 Mean difference=2.24
Storage T value=1.314 T value=2.081
rates P value=0.230 P value=0.067 =
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Fig. 1 RTGC working hours Average in 2015(Jan~Dec)

Std Deviation in 2015(1~12)

B
6

S i —
5 +— —\/\-‘._—-0-—".\
3 e e e ey
1

lan  Feb  Mar  Apr May lun Jul Aug  Sep Ot Nov  Dec

e [y S e [ phES = Dizily

Fig. 2 RTGC working hours Standard Deviation in
2015(Jan~Dec)
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Fig. 3 RTGC working hours Average in 2016(Jan~Dec)

Std Deviationin 2016 (1~12)
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Fig. 4 RTGC working hours Standard Deviation in
2016(Jan~Dec)
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Fig. 5 RTGC working hours Average in 2015(Jan~Aug)
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Fig. 6 RTGC working hours Standard Deviation in
2015(Jan~ Aug)
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Fig. 7 RTGC working hours Average in 2016(Jan~Aug)
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Fig. 8 RTGC working hours Standard Deviation in
2016(Jan~ Aug)
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Table 9 RTGC working time Average and Standard
Deviation between 2015 and 2016

Year 2015 2016

Months | Jan~Aug | Jan~Dec Jan~Aug | Jan~Dec

Average | 13.58507 13.55661 | 13.51696 14.32125
Std 7.82900 7.77312 7.73965 7.39793
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