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Vehicle Scheduling Model for Transshipment
Container Cargo between Container Terminals

Park, Hyoung Jun

Department of Logistics Engineering
Graduate School of Korea Maritime University

Abstract

ITT refers to the transshipment of cargo between container terminals in the port. In
Busan New Port, the volume of transshipment cargo has increased significantly, accounting
for 60%. Recently, Korean government is aware of the importance of ITT and it is
preparing for ITT implementation. Therefore, this paper presents the current status and
implementation problems of domestic ITT and suggests a model that can reduce the
congestion of vehicles waiting time among the transshipment between container terminals.
By comparison of the vehicle booking system which works for only one terminal, the model
of this paper coniders multiple inbound and outbound terminals. The experimental data set
was created by the field data and the model was verified by comparing the existing field
results and the model results.

KEY WORDS: trasshipment, Busan New Port, waiting, congestion
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(&%]: TEU)
e w1y #1 A1g
a4 | 229 | @4 A | 229 | @A
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20154 19,468,725 | 9,363,396 | 10,105,318 | 12,877,847 | 5,307,502 | 7,570,355
QA5 7e 6.5% 3.6% 9.9% 18.6% 13.8% 23.1%
Atm: BAIRUE 224 6 A AE(BPA-NET)

Collection @ kmou




Table 2 A|A| 10th Z1E[ojy

Fot 29 ¢ 20169 AP 71

No. | Port Name Country 16 TEU(M) 15 TEUM) | Growth(%)
1 Shanghai China 37.1 36.5 1.6%
2 Singapore Singapore 30.9 30.9 -0.1

3 Shenzhen China 24.0 24.2 -0.9%
4 Ningbo China 21.6 20.6 4.6%
5 Hong Kong China 19.8 20.1 -1.3%
6 Busan S Korea 19.4 19.5 -0.2%
7 Guangzhou China 18.8 17.6 6.8%
8 Qingdao China 18.0 17.4 3.3%
9 LA/LB Us 15.6 15.4 1.8%
10 Dubai UAE 14.8 15.6 -5.2%
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Mathematical Model

u v s
Minimize Z= E Z Z Ztmmjmmmj

m=In=1li=1j=p,

subject to

m=1=1 m=1n=1

r s

Z Exminj = I/I/;nn m=1, - u, n=1, -+ ,v (3)
i=1j=p;

vos

Exmmj = Ymi =l YW:=1, - ,r 4)

n=1j=p;

w oo

Z Ewmmj = Zp; n=1, - v, J=Dp S )
m=1i=1
ymZSCOmz m::l’ .o 7U, i:l)...7qﬂ (6)
an = an n=1, - v, J:p” S (7)

PIDIHEDIDIEN ®

m=1i=1 n=1j=p,

>0 9

nj —

xminj = 0’ ymi = 0’ Z
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% ITT Bfelol 8 €3 w3e] 24 @ BA

B ogolAE AA B4 A Hudg BRE $43E wEY dolHs
A Aol AE A4 BEAE ol g3 AAS FAE dolHE T}

41 A& dlolg 44

Table 3 Inter-terminal trade volume (8t 2017)

(From™.To) PNIT PNC HINC HPNT BNCT Total Average
PNIT 21,187 11.443 85,505 9.204 127,339 25468
PNC 22,536 37210 25,598 27,365 112,709 22,542
HINC 15,691 50,086 34,318 16,754 116,849 23,370
HPNT 65.575 24,730 31.810 13.577 135.691 27.138

BNCT 5.009 58,918 12.869 8.522 85.318 17.064

Total 108.811 154.920 93.331 153,943 66,900 577.906
Average 21,762 30,984 18.666 30,789 13.380
20154 H4vel A8k Ul MEsEES 577,906vancl®, 19 B <k 1,650van

sz BHe< 20159 2z Euldzt AESET H&ste] zF Eu

570 Hrjds =5 2o H88 A5

ot %
47 19 BE AEFEFS TR

o o =
AVAA W57E Bobd HESHETO] 1 AL BNCTE AT 47) E¥ld
& g
=3l Agh A BHMSD
Wi = (2i2im -~ nitE2122  (SEaSoEd S doF)

ALY FAd meEl 47) BnE 1d B MES=EFS a3 2o

Table 4 E0]d7} 12 Ha AEsteare] /b4

(H¢] : van)
PNIT(1) PNC(2) HJNC(3) HPNT(4)
PNIT(1) 60 32 244
PNC(2) 64 106 73
HJNC(3) 45 143 98
HPNT(4) 187 71 91
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Table 5 Estimated processing time per Shuttle transportation one move(8hd—, 2017)

.| Terminal to |Ti required vaiting time ‘
Average |Transportation] ; ’ u}le leq}]ue Gate 2 Time required
. terminal for traffic . for
Distance speed , : passing time : per move
(k) (awh) time lights (aai) load/unload (min)
' (min) (1min) v (M)
PNIT-PNC 1.9 40 2.85 0 0 30 33
PNIT-HINC 787 40 11.35 8 1 30 50
PNIT-HPNT 328 40 4.92 4 1 30 40
PNIT-BNCT Fia7 40 1.3 8 1 30 41
PNC-HINC 34 40 5.1 2 1 30 38
PNC-HPNT 7.17 40 10.75 10 1 30 52
PNC-BNCT 367 40 550 11 1 30 48
HINC-HPNT 7.75 40 11.62 12 1 3 55
HINC-BNCT 9.2 40 13.8 13 1 3 58
HPNT-BNCT 3 40 4.5 1 1 3 37

9 A4 FAol whe ) HEEzE B o) Fel AaHE e Thewt g
o
Table 6 El0]d2t B olo] A8 A2
PNIT(1) PNC(2) HJNC(3) HPNT(4)
PNIT(1) 0.55 0.83 0.67
PNC(2) 0.55 0.63 0.87
HJNC(3) 0.83 0.63 0.92
HPNT(4) 0.67 0.87 0.92
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Table 10 Casel A|ZI{¥E 7}53sF AFAEF
(Z¥ © van)
7hs3t AIZE t
YT | o|1|2|3|4|5|6|7|8]|9|10|11]|12[13[14|15[16|17|18[19|20|21 |22 |23 ol
CO, |15|14|12[12| 5|53 |4 [9|10(13[16|13|12|18|20|16(|18|16|17|23|26 |21 |18 |336
o, 1219191751313 [3]|6 81118 [10(14]15{12]11|11|15{17]19|16 |13 |243
o, 12112110|110| 7 |4 |4 |6 | 8| 9 |11(13|12(12|14|16|13|12]12|16]18|20 |19 |16 |286
o, 15113|13|11|10| 6 |6 | 7 |10|11|12(15|13[14|18|18|17|15]16(20(22|25 |23 |19 |349
Cl 18|118|16|14| 8 | 6 | 6 | 8|10|14|16(20|16|16|22(24]20(20]20(24|28|30 |28 |26 |428
(I, 18118(16(14| 8 | 6| 6 | 8 |10|14|16[20|16|16|22|24[20{20[20|24|28|30 |28 |26 |428
CI, 18118(16(14| 8 | 6| 6|8 [10|14|16[20|16|16|22|24{20({20|20|24|28|30 |28 |26 |428
Cl, 18|18|16|14| 8 | 6 | 6 (8 |10|14|16(20|16(16|22|24]20(20|20(24|28|30 |28 |26 |428
Table 11 Casel ZAyt®
Base VBS ITT Opt
Z 2011.91 879.91 876.91
oi7] AlZE 283 3 0

Base®] Zzrol 2011.91, th7]A1zto] 283, VBSe] Zzko] 879.91, thr]A|zto] 3,
ITT Opte] Zzkto] 876.91, th7]Azko] 00 ITT Opte] Zzk3 7| Azko] 743
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Table 12 Case2 A|7I{¥E 715sh AFAEF
(Z¥ © van)
7hs3t AIZE t
YT | o|1|2|3|4|5|6|7|8]|9|10|11]|12[13[14|15[16|17|18[19|20|21 |22 |23 ol
CO, |15|14|12[12| 5|53 |4 [9|10(13[16|13|12|18|20|16(|18|16|17|23|26 |21 |18 |336
o, 1219197513133 |6|6|8(11|8 (1014151211 ]11|15{17|19|16|13|243
o, 12112110|110| 7 |4 |4 |6 | 8| 9 |11(13|12(12|14|16|13|12]12|16]18|20 |19 |16 |286
o, 15113|13|11|10| 6 |6 | 7 |10|11|12(15|13[14|18|18|17|15]16(20(22|25 |23 |19 |349
Cl 17116(16|1419 | 7|6 | 9| 9 |14|15(18|17(17|22(24}21|21]20(23[27|30 |28 |26 |426
(I, 19118(16(14] 9| 6| 6|8 |10|14|16[19|16|16|22|24[20{20(20|24|28|30 |28 |26 |429
CI, 20119(16(141 9| 8| 6| 81(10|14|16[20|17[16|22|23|19|19|18|24|28|31 |28 |26 |431
Cl, 16|116(16|141 9| 8 | 89 |11|14|16(20|16(16|22 (24|21 (21|22|24|28|28 |28 |26 |433
Table 13 Case?2 ZAyt®
Base VBS ITT Opt
Z 2207.91 896.91 876.91
7] AIzE 295 11 0

Base®] Zzko] 2207.91, thr] A zko] 295, VBSS] Zzko] 896.91, th7]Alzte] 11,
ITT Opte] Zzkto] 876.91, th7]Azko] 00 ITT Opte] Zzk3 7| Azko] 743

A vhebgto.
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N CO= Table 79 WHlS wr2w A R ZF Eejduig o
olo] wl"o] HgHt} Baser Table 92| uj®lof wie} Joje] sjgoz dt&
Huldo] zp&o] Eo]e31, VBSE= Table 79 #jgd] mel xp&Fo] Eoj2T)
Base, VBS, ITT Opte] AM|7}A] W2l H| a3},

Table 14 Case3 A|7I{¥E 7153sF AFAEF
(Z¥ © van)
7hs3t AIZE t
YT | o|1|2|3|4|5|6|7|8]|9|10|11]|12[13[14|15[16|17|18[19|20|21 |22 |23 ol
CO, |15|14|12[12| 5|53 |4 [9|10(13[16|13|12|18|20|16(|18|16|17|23|26 |21 |18 |336
o, 1219197513133 |6|6|8(11|8 (1014151211 ]11|15{17|19|16|13|243
o, 12112110|110| 7 |4 |4 |6 | 8| 9 |11(13|12(12|14|16|13|12]12|16]18|20 |19 |16 |286
o, 15113|13|11|10| 6 |6 | 7 |10|11|12(15|13[14|18|18|17|15]16(20(22|25 |23 |19 |349
Cl 16|115(15|13|8 | 6 |5 |8 |8 |13|14(16|15(15|21(22}20(22]21(23[27|30 |28 |26 |407
(I, 1911717115110 7 | 7 | 9 | 11| 15|17 (20|17 (17 |23|25[21(21]21(26(27|29 |27 |25 |443
CI, 2011911613101 9 | 7|9 |11|15/17|21|18|17|23(24(20(20[19|23|27|32 |28 |26 |444
Cl, 16| 15(15|13|10| 8 | 8 {10|12|15|17(20|16 (15|21 (22|22 (20|22 (24|27|27 |28 |27 |430
Table 15 Case3 Zitx
Base VBS ITT Opt
Z 1733.91 926.91 876.91
7] A]ZE 229 37 0

Base9] Zzkel 1733.91, di7]Alzke] 229, VBSE| Zzkel 926.91, ti7]Alzte] 37,
ITT Optel Zzkol 876.91, th7]AlZke] 0°.& ITT Optel Zztd thr]A| ko] 744

27 ept.
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AIZFE CO= Table 89 €S wrE31 A (= Case2¢t &Y
do] #&Ht. Basex Table 99| s&lol] weh Jojo] Hroz ApgFo] v
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Table 16 Cased4 A|7I{E 71535F AHAEF
(&9 : van)
7hs3t AIZE t
YT | o|1|2|3|4|5|6|7|8]|9|10|11]|12[13[14|15[16|17|18[19|20|21 |22 |23 ol
CO, |16]13|12|12| 7|53 |4 |9|10|13|15(14|12|18[20|15|19|16|17(22|25 |21 |18 |336
o, 13110110 7514133 |5 9110 7 110(14|14|12]11|11|15|16|15|16 |13 |243
o, 111111110y 7|16 |56 |8|9|10(12|12(12|14|16]13|13]13|15[18|19 |19 |16 |286
co, 1711313| 1110\ 5|5 |7 | 8 |11|12(14|13(14|17|20[17|15]18(20(22|25 |23 |19 |349
Cl 17116(16|1419 | 7|6 | 9| 9 |14|15(18|17(17|22(24}21|21]20(23[27|30 |28 |26 |426
(I, 19118(16(14] 9| 6| 6|8 |10|14|16[19|16|16|22|24[20{20(20|24|28|30 |28 |26 |429
CI, 20119(16(141 9| 8| 6| 81(10|14|16[20|17[16|22|23|19|19|18|24|28|31 |28 |26 |431
Cl, 16|116(16|141 9| 8 | 89 |11|14|16(20|16(16|22 (24|21 (21|22|24|28|28 |28 |26 |433
Table 17 Cased4 ZitR
Base VBS ITT Opt
Z 2197.91 897.91 876.91
71 AlIRE 250 13 0

Base<e] Zzkel 2197.91, ti7]Alzto] 250, VBSe] Zzke] 897.91, tr7]Alzto] 13,
ITT Optel Zzkol 876.91, th7]AlZke] 0°.& ITT Optel Zztd thr]A| ko] 744

27 ept.
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Table 18 Caseb A|7I ¥ 7}=35t Ak
(Z¥ © van)
7hs3t AIZE t
YT | o|1|2|3|4|5|6|7|8]|9|10|11]|12[13[14|15[16|17|18[19|20|21 |22 |23 ol
CO, |16]13|12|12| 7|53 |4 |9|10|13|15(14|12|18[20|15|19|16|17(22|25 |21 |18 |336
o, 13110110 7514133 |5 9110 7110(14|14|12]11|11|15|16|18 |16 |13 |243
o, 111111110y 7|16 |56 |8|9|10(12|12(12|14|16]13|13]13|15[18|19 |19 |16 |286
co, 1711313| 1110\ 5|5 |7 | 8 |11|12(14|13(14|17|20[17|15]18(20(22|25 |23 |19 |349
Cl 16|115(15|13|8 | 6 |5 |8 |8 |13|14(16|15(15|21(22}20(22]21(23[27|30 |28 |26 |407
(I, 1911717115110 7 | 7 | 9 | 11| 15|17 (20|17 (17 |23|25[21(21]21(26(27|29 |27 |25 |443
CI, 2011911613101 9 | 7|9 |11|15/17|21|18|17|23(24(20(20[19|23|27|32 |28 |26 |444
Cl, 16| 15(15|13|10| 8 | 8 {10|12|15|17(20|16 (15|21 (22|22 (20|22 (24|27|27 |28 |27 |430
Table 19 Caseb Zitx
Base VBS ITT Opt
Z 1554.91 931.91 876.91
7] AJZE 140 39 0

Base9] Zgkel 1733.91, ti7]Alzke] 229, VBSE| Zzke]l 931.91, ti7]AlZke] 39,
ITT Optel Zzkol 876.91, th7]AlZke] 0°.& ITT Optel Zztd thr]A| ko] 744

27 ept.
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Table 20 57} Case®] &3t Aut®

Base VBS ITT Opt
Z 2011.91 879.91 876.91
Casel
= PARAEdy 283 3 0
Z 2207.91 896.91 876.91
Case?
o7 A1t 295 11 0
Z 1733.91 926.91 876.91
Case3
7 Al 229 37 0
Z 2197.91 897.91 876.91
Cased
B AP Edy 250 13 0
Z 1554.91 931.91 876.91
Caseb
B AP Edy 140 39 0

Table 202 A 7kA] Aol B2 Al 744 24S A8% AAxoltt. FF
2o = BaseZl Z#td ti7lAIRte] 74 =A YEstarl, ITT Optrt Zgkel 7H&
2k31 7] A1Zke]l 02 2 YERSETE Base W2l o] BEEEIR @ wRIE R

1

o EH=E aYstA ffow, ARA o4 Aol mls] dtirjARte] =4 Y

Aol wrAolgtar & 4= Tk ITT Opt ¥l 7o) wWiEE| v d )
HlEnd EREE v% 383k W2le VBS #H Ay o) wiEgnd &%
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