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Abstract : The main function of a container terminal is to load container freights into vessels and discharge them from vessels. The
container terminal needs to utilize its resources effectively in order to improve the productivity of it. This study deals with the deployment
model for vard cranes whose type is RMGC (rail mounted gantry crane). We develop a mathematical model for the deployment of yard
cranes. The model considers not only the deployment but also the storage plans. It could be divided into two cases according to whether
inter-block movements of yard cranes are allowed or not, during the same period. Numerical examples are solved and analyzed to validate
the model, Then, additional experiments are performed to compare the performance of the model with that of a previous model without
the re-deployment of yard cranes.
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Fig. 1 The layout of the storage yard

Fig. 2 The network representation of yard planning (Won and Kim, 2009)
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Table 1 An illustration for the deployment of RMGCs (p = 3)

Row Column 1 2 3
1 25 (=1) 1.7 (j=2) 1.8 (j=3)
2 2.8 (j=4) 15 (=5) 1.7 (=6)
3 1.0 (=7) 15 (j=8) 25 (j=9)

# Each value is Hj, divided by the handling capacity of an
RMGC for a period.
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Table 2 The distance between berths or gate and blocks (in meters)
blocks 1 2 3 4 5 6 7 3 9 10 11 12
berth 1 70 364 658 134 428 722 198 492 786 262 556 350
berth 2 364 70 364 428 134 428 492 198 492 556 262 556
berth 3 658 364 70 722 428 134 786 492 198 850 556 262

gate 586 292 586 522 228 522 458 164 458 394 100 394
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Table 3 The distance between two blocks (in meters)

blocks 1 2 3 4 5 6 7 8 9 10 11 12
1 0 294 588 64 358 652 128 422 716 192 486 780
2 294 0 294 358 64 368 422 128 422 486 192 486
3 588 204 0 652 358 64 716 422 128 780 486 192
4 64 358 652 0 294 588 64 358 652 128 422 716
5 358 64 358 294 0 294 358 64 358 422 128 422
6 652 358 64 588 294 0 652 358 64 716 422 128
7 128 422 716 64 368 652 0 294 588 64 358 652
8 422 128 422 358 64 358 294 0 294 358 64 358
9 716 422 128 652 358 64 588 294 0 652 358 64
10 192 486 780 128 422 716 64 358 652 0 294 588
11 486 192 486 422 128 422 358 64 358 294 0 204
12 780 486 192 716 422 128 652 358 64 588 294 0
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Table 4 The space occupied from the vard planning in an example (in TEU)
Blogperiod | 2 3 4 5 6 7 8 9 10 Avg.
1 1,200 1,200 1,200 1,200 1.200 1,200 1,200 1.200 1,200 1.200 1200
(892) {753) (439) (29%) (512) (331) {-) -} ) ) %
2 1,200 1,200 1,200 1,200 1.200 1,200 1,200 1,200 1,200 1.200 Lo00
(1,061) (529) (456} ) ) () - ) ) - .
3 1,200 1,200 1,200 1,200 1.200 1,200 1,200 1,200 1,200 1,200 1200
{909) (611) (573) (112) ) {-) (354) (297) ) ) .
1,200 1,200 1,200 1,200 1114 1,200 1,182 1,200 1,200 1,200
4 1,190
(1,200) (1123) (1,056) (1,015 347 (540) (490 (183) ) {-) =
5 1,030 236 1,200 1,117 1,200 1,200 1,143 1,200 1.200 1,147 1127
(889) (578) (543} (272 271) 270 - -) ) ) :
6 1,200 1,200 1,200 1,165 1.200 1,200 1,200 1,200 1,200 1,200 L19%
(794) (794) (674) (638) (509) (29%) (208) (%0) -) -t :
5 1,200 1,200 1,200 1,200 1176 1,200 1.200 1,001 1.200 1,200 187
(898) 671) (485) (386) (135) d1m (92) (32) {-) (- .
3 1,200 1,146 1,200 298 290 1,200 918 1,200 1,200 1,199 115
(1.200) (1)346) (1/200) (832) 733) (626) (298) (20) = =) Ao
9 1,200 1,200 1,200 1,084 1.200 1,173 1,200 1,109 916 1.200 1148
(095) (820) (835) (198 (384) (314) (587 (265) (-} {-) '
10 1,070 986 832 1,200 933 617 1,034 809 1,200 1,200 Loz3
(1,070) (986) (812) (684) 451) (173) (69) an =) =) .
11 1,013 1,054 1,066 1,027 1,115 1,199 1,176 1,200 1,169 1,018 1104
(993) (969) (861) (622) (549) (527) (445) 3on) ) - .
12 1,161 1,200 997 1,200 049 1,200 1,117 1,079 1,003 LOTS
(1161) (784) (459) (330) 212) (52) (14) {4 {-) & :
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Table 4= A8 HLQ 107]7ke] e AR do] RMGC/F wix=lx, A4oA 743 @ 482 B2 HF
A7, 28 HG F0E vEiY 23 kel ke 9 204012 RMGCTF #iA =l
AE oldol AFHAAY HH7F AHHAY FHE BAG FNMog 10848 EoA 2 859 N3E AH 1,
oh M 77k BEATE FH 370 o BEE ¢-F 7d/AEd HF ey £ RMGC WA AFe 2Abet
Ut Aok Fig. 3& 2 3 2 A disA, & E5(EZ 6o o
Table 5, Table 6& 713, £&¥ RMGC 2] d#%-& 1} 3 AFES Uz veld Zoju HF Adelvey &8
Rl Table 5+ 72 717 @ &80 &3¢ RMGC H8A7E (2% &9 5o whabd 8§ F3re] #lels AL 4 5 ¢
£ RMGCY o9 554922 vy AHola, Table 62 iz o g #Adoldel Fd uweld RMGC L7HE HF
ANE 7t RMGC7F st Jb EE0R Ageto AAG  Aj7ro] ®glate] oo wlE} RMGCY w7t o} 2old & &
Rolth, HMellA 713 717k 139 EEew HE 3209 & vk
Table 5 The result for the deployment of RMGCs in an example
Boo—Feriod) 2 3 4 5 6 7 8 9 10 | Ave
1.16 1.07 164 0.24 150 1.40 0.89 0.37 2.00 152 118
2 0.83 1.66 0.59 1.33 0.12 112 1.24 1.28 0.44 0.48 0.91
3 1.37 0.64 0.75 125 141 1.37 0.99 052 0.90 2.00 1.12
Sub total 336 | 337 | 297 | 28 | 303 | 389 | 311 | 216 | 334 | 400 | 320
4 123 1.27 0.55 0.87 1.09 1.37 0.35 1.63 0.69 153 1.06
5 0.77 0.70 1.32 0.87 0.26 0.77 170 0.89 0.16 0.19 0.76
6 2.00 0.86 0.59 0.41 1.29 0.92 0.48 1.42 1.00 0.88 0.99
Sub total 400 | 283 | 245 | 214 | 264 | 306 | 253 | 395 | 184 | 260 | 281
7 1.40 0.96 0.94 0.61 119 0.86 0.83 0.50 1.25 1.21 0.97
8 0.02 0.38 0.64 155 0.79 0.77 1.01 0.99 0.45 0.71 0.73
9 0.92 0.88 1.28 0.42 0.91 0.69 1.29 0.73 1.14 0.99 0.93
Sub total 2.34 2.22 2.36 258 2.88 232 | 312 | 221 283 | 291 2.63
10 0.64 0.24 0.53 1.08 0.82 0.60 052 0.54 1.09 0.60 0.66
11 0.41 0.61 0.78 0.78 0.57 0.27 051 0.83 0.84 0.32 0.59
12 0.33 1.25 0.67 0.76 0.79 0.86 0.96 0.60 1.02 0.59 0.78
Sub total 1.37 2.10 1.98 2.61 2.18 172 |} 199 198 | 294 | 152 2.04
Table 6 The working blocks of each RMGC from the deployment of RMGCs in an example
RMOC R eriod] 2 3 4 5 6 7 8 9 10
1 1 1 1 1,2 1 1 1.2 1.2 1 1
Row 1 2 123 1,2 1,2 23 123 1.2 2 2.3 1 1.2
3 3 23 2.3 3 3 2.3 2.3 3 2,3 3
4 3 3 3 3 3 3 3
5 4 4 45 45 4 4 45 4 456 4
Row 2 6 45 456 5,‘6 56 456 45 5 ilS 6 4,‘?,6
7 6 6 6 6 6 5,6 56 5,6 E 6
8 6 - - - - 6 - 6 -
9 7 78 78 78 7 78 7.8 78 7 7
Row 3 10 789 89 89 3 789 89 89 89 789 789
11 9 9 9 89 9 9 9 9 9 9
13 10,11 10,11,12 10,11 10 10,11 10,11,12 10,11 10,11 10 10,1112
Row 4 14 11,12 12 11,12 10,11,12 11,12 12 11,12 11,12 10,11,12 12
15 - 12 - 12 12 - - - 12
16 - - - - - - - - - -
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Fig. 3 The space occupied, the number of handled containers, and the RMGC deployment of block 6 from 4 problems
among additional 10 problems
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Table 7 The result for the deployment of RMGCs in an example
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Fig. 4 The space occupied, the number of handled containers, and the RMGC
among additional 10 problems
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Table 8 The comparison of the yard planning model and the RMGC deployment model considering yard plans

Won and Kim (2009) Case 1 Case I
Problem Okg:ﬁfieve Solving time Ol%jaelcjieve Solving time Ol%jglcl;téve Solving time
#1 142,540 1795 141,810 17.36 142,210 12,551.09
# 144,580 1773 143,340 17.03 144,260 10,083.46
#3 141,840 18.48 141,000 17.17 141,440 24,068.10
#4 141,420 18.26 140,710 17.19 141,110 17,852.70
# 141,050 18.00 140,270 17.44 140,730 16,935.34
#6 143,270 1850 142,510 16.97 142,950 13,853.82
#7 141,850 17.50 141,090 17.42 141,520 17,779.24
#3 143,620 1876 142,850 16.45 143,260 12,464.55
#9 140,930 1795 140,190 17.45 140,600 10,970.49
#10 142,830 18.06 142,040 17.22 142,430 12,692.11
Average - 1812 - 17.17 - 14,924.09
4. Hi Al Urojth RgE fE5sty) dste A dAlE BEoM E
o] AxZ siMstn A4t AHE HAES] Bkl wd XA
B AfoA AAF 2EL X AE 7 RMGCo i & guts T 7)1E 2gne A% Aolg 2487 st
Ao HAARsER “JZI?%] T FPPA VE ZF 13H vl AEE S8kt
RMGC®] AHgo] FAFHatel 23 HEg RolA o] Fx 7 RoAFol| A vhpet HdES s A, Case 12 @4
g} wpEkA ol EJJra AZE7) Yate] FAG =8 Hel @Av|e] FAE 44T A el F ¢ AAAR Case
= Won and Kim (2009) 28, £ A9 Case I, ¥ A7 Ot ZRW59 A5 Aokl wap g4 Alzte] AoshAl &
o] Case IE wuwstE AL 388Ut Won and Kim 850 Folo} W #loke] whgirh whebr Case ol thaiA
(2009)& XL117415-%" T3 A AFH3E jﬁié}ﬂ”* b & = ARIARES @EA7IEA Hhs e Tk dag =e e
2o AFRaE 1Y Akew uHFT HolAM & Aol AR 1Y sigoe] sjupetel & Aotk
2y xol7} ‘4‘4 B AAg BYME Fxge| & oAt o
B AT Case 09 AMAIZME meidte] 3228049k 2ol Fo] 7b5 s RMGCe] wiAel tiai =atalAnt, 38
Za5 BAS A8l Zo] Bt} Table 8 10FAd] o AoA olFo] k3 RTGCS wiAZAE: &84 + 3
3 B g3} A g vliste] vepdich BAgE & Zlojth
A7, £, AF049 Folr AMARIe] ©eE Zolth B
& BANA ZAAYE weshs RMGC A 2go] 247 = 7|
Yut eyt 2y EAFS gEv @A Yeiyth =9
@ 712t elA RMGCE] o6& 3183k Case 1ol & 7I%F » age Reifds A58 FVBRALE /)&
oAl RMGC®] olFS 88384 & Case OOl Blsl W& apglo) ddpn) z19o] o&] Sa=ALFUTH
2% & etk ols Case 1ol RMGCO FH -
stoll Bl FAstA dgsta ] WiEolnh A HE 2083
) EHA, Won and Kim (2009)% Case & 17~18% W7t
$85501 Case I BF oF 4213 9%0] L8HAUT [1] Chung, R. K., Li, C. L. and Lin, W.(2002), "Interblock
crane deployment in container terminals”, Transportation
5.8 B Science, Vol. 36, No. 1, pp. 79-93.
[2] Lee, B. K. and Kim, K. H.(2007), "Cycle time models for
2 A7 deey H U] oA ] RMGC #iA] &l o s vard cranes considering block layouts in container
A =t thgd Ao FakE udshs AAAE RE S terminals”, Journal of the Korean Institute of Industrial
HEsto] FXNAY I RMGC BXE FAld & & e MY Engineers, Vol. 33, No. 1, pp. 110-125,
Ady R &Y ZAeAGY 2¥ NStk 28 ¥ 71 [3] Linn, R, Liy, J. Y., Wan, Y. W., Zhang, C., and Murty,
b WellA] B3 RMGCE] )% 38l meba) 27pA = K. G.(2003), "Rubber tired gantry crane deployment for
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