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A Study on Container Terminal Layout and the Productivity of Container
Crane During Ship Turnaround Time

Shin, Sung-Ho - Kim, Yeonkook J.

Abstract F

In smart ports and port automation, the number of vertically deployed container terminals
is growing, The purpose of this study is to analyze the productivity of horizontally ar-
ranged and vertically arranged container terminals by comparing the main ship operation
time, and to recommend future strategies for increasing the operational efficiency of verti-
cally configured container terminals, To achieve our goal, we chose two terminals repre-
sentating each type, and collected berth allocation status data from 2018 to 2022, Then we
analyzed the data using the Accelerated Failure Time (AFT) model, a parametric survival
analysis technique. Under the assumption that the working circumstances of the C/C
(Container Crane) are the same, we find that the productivity of on-board work of the ver-
tically placed container terminal is higher than that of the horizontally placed container
terminal, Our result also shows that the productivity is reduced during the COVID-19 peri-
od and the European ships show lower onboard work time, On the basis of these find-
ings, we propose strategies to improve the productivity of vertical container terminals.

Key words: Container Terminal, Perpendicular Layout, Container Crane During Ship Turnaround
Time, Survival Analysis, Accelerated Failure Time
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(2020~20223)V 50k Q8 Hr= 7hast Aow
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ate] s}=o] HlgL %3 JeRta 9lont, s
T A F)el - Fstell visl HskakE
o] o] = vtk sHFol|A 9] shifting 2]
£ 20209 ol F SR 9lee & & ek ARD
Z+2(VAN/hour) & ZE 7|7} sEFol H|5) 25F

b $5e Aoz vekdrh,
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Er)d 1b Aols Ukl glek, sPe) 47 A
o] ok vlEe sothE )=atchrb 202195 1

HFo] B7hSR 9l & 4 ook W, 235

E712¥ (2018~2022)

ARV A

N oks}/215}/shifting” VAN houn) R DS PARIS B

235 sEw 255 SHF 2HE SEE ¥R sEE
2018 2461 1235 6347 / 6342/ 39.4 5009 / 627.3 / 41.8 755 60.2 32.3%  51.9%
2019 2398 1,007  701.2 / 700.0 / 41.1  571.6 / 728.2 / 43.0 771 675 24.9%  51.7%
2020 1829 924  767.1/825.7 /578  637.1/ 775.6 / 583 722 60.2 26.4%  51.1%
2021 1715 861  892.0 / 902.0 / 89.2  737.9 / 872.1 / 94.8 727 60.7 49.4%  54.2%
2022 1,847 926 808.4 / 775.3 / 55.4  727.4 / 817.9 / 122.9 737 576 77.8%  59.5%
A 10,250 4,953 748.2 / 754.0 / 54.3 624.2 / 753.7 / 69.5 745 613 40.6%  53.5%

F 1 Het H&
2) b gk (9] VAN)
3) AR SFCIFANZE) AAE &2 TEEY g

4) 2RTE Y A PFow SREE 51 iy ¥

20) ¥atel Zatoll B C/CY] Trolley 2H] Alzto] 7] ol 90nz 71g83itt.
21) £ AFeE 229 Y Ve kel A S I (2020.2.22.)8 VIR 39S
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789 20190 FE i AAbe] At 71E viEe & FARYo e FEHS HHe ZaE
AsHA 7kt 2022l 77.8%E 71533 o] FFURE 712717 19 ad=ZE =A "o
S, sEF] A9 2021 194 ¢/C 37]7}F A UA] gkol EFARFP e AP Mg Aoz 24
T2 FAEASN= B3Il QoFGAldr & HAHANZY - ARE, 2010). (IH 3 (b)) GA]
2022 ARV Zde Q8)E HAd Als o Re] Ade Hrke fJE AFT residuals €88k
At C¢/C FY F uE BRG] A=A K3 7F4 H2E(assumption tests) IS HolFa gl
A, 2L C¢/CY FUo F84 x| ¢ £ o 20 2A2g BE¥x o] AE g<(survival func-
o] o]FfAR] EI& F= AT T ThFE 7 tion)%= Zkx}(residuals)e] KM(Kaplan-Meier) F3 %]
o] &AL & & 9lon, ol& C/Cco FYo] F7 of 7HHAl vebtar Qlo] Ry Aol HEds
Q] Ao A FUE olofAA] Yetha gle = Sl
A £ ok
2, ¥4 23
V. 24 A3y}
(B 62 BAAFE A83 24 ZA9ARa
VAN & £8A7hS $E5HSFE T, 71Ho of
1. B3] Agw =
=o] wix] e, 29, F9 A 475 SHd
B AT BEF AFT BARIYe] Agre g T DS BaRARY ArTegen F4Y
317] 918l Cox-Snelle] aHCox-Snell residua)® ~ aor= WERITL Al kel KRl A% 7IE
o] &3 ATH(ZE 3 (a))). (reference)]l w3} FHuiFz ARs = 71abel
AA Jehds ougitt, 23-2X2E AFTE Y9
2! 3, Cox—Snell residual 2= L AH F e 23 FHATE 22Y](odds ra-
Distribution tests for ¢; tio) FEE PA H3o] ssIiut=E Holok
a (Lemeshow & Hosmer, 2011). (3 6) 2] w2t A

Hol exp(Al9)-1= FAATE AIZFE E(time ratio)

2 33l ke, exp(B))olH, (19 6)2 HIFE
o] 9 =H|(odds ratio)g WERA ot}

3 wjx] Mol A= 0.05302 3 wiA] A

s > : = gHeoly "Hudeae] 1 VAN & &8P 34

(@) Cox-snell residual e}z W= Aol gudel wjs) e 2

UERSETE W] 9 =H|= 00542 2579 1
| R | F 28A1V0] 5ol 3] 5.40% LSS Bel

=

o
=
Z

10

04 06 08

Survival Probabilty

02
|

AFT Residuals (Logistic model)

(b) AFT residual 123
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EZQA Pr ) ChiSq exp(AlF)-1
3 Wl (reference <72 HjX]=0) 0.0525 0.0040 {0001 0.054
2119 717} (reference 2L A=0) 0.2084 0.0036 (.0001 0.232
&3 MA}F (reference ©}FAJo} XA}=0) -0.0114 0.0037 0.0019 -0.011
log(etg 211z -0.4999 0.0020 {.0001 0.607
e 3.2223 0.0140 {0001

F : LogLik(model)=1013.5, LogLik(intercept only)=-11756.13, LR test statistic (df =4), p=0

o] Avk= (E 5 &4
Ehd 25dE A ZFdEE(VAN/houn) o] A2
FF 74,5, 57F=01.328 25 5F9] C/Ce] ALrHdol
o UeRte)Te e A%E wolw St of
A= 7PN e 285k ukel o], A Hold
c/cef v&sl B AlFE HuddEe #83k dn
dell Fog Fart ok A4 dojd ¢/C = &
A 7 A FFrE gol Bfstar qlv] wiEel,
du= ZdRle] 47t Fddvt = 78S At
AL, olsk 71 3tellx] 1 VAN BF AQARYTIE
o] &2 wiAg Aol Hwde] i 25
o "l 5357 =2 Ae & F o sEFels
FUE C/Ce 257l vlal HZol =d| e
e olgdt Aol =A vehd ol Fell bt
2 A4s £ 3ok

o] goF FAF A Y

2

(<3

AR(FZZ o]A 7Rk 0, T2
71Zbe 12 AA)E 72219 HE4E 1 VAN & &
QAIRYF ko]l BAIE Holu glon, IEY19 7]
b 33t 1 VAN F 28 ARFL B2 7|7k H]
8 23.20 Z71%F Ao YEhdtt ol ZE1}19
Z 918t kA o] X&EHHA] Bak A3 e
e o]y A ko] S7vakdaL, elol of=eo] &
4 g ApfA| ol ZJAIZTo] FTFeFHA, o]e} AdH
c/Ce] FAHATIE Flete] fleh e AArt e
W Aoz Bzt &, 2Azrge] i Aot
obd, ZHle]y ef=o] BP0 R C/Col o= 2}
3]

Binary ¥

o 2 @ = A7t zHo] Aok Aow

gk AA o] AL AV LA

84 2 Aakgo] HAE 9 S Qui= He
1

Fe @detn @ 4 gt

off

_&é.ﬂm

it

32 6. XHEAIZE AFT 28 3 Z1} (odds ratio, 24 7|7 2018-2022)

Horizontal layout (reference = vertical layout)

Covid-19 (reference = Before Covid-19)

European Shipping Co.(reference = Asian Shipping Co.)

log(Work time/VAN)

M OR 95% Cl
1.0540 1.046, 1.062
M 1.2320 1.223,1.240
] 0.9890 0.982,0.996
0.6070 0.604, 0.609
06 08 1.0 12

Odds Ratio (95% Cl)

22) exp(0.2084)-1*100%
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ejago] Ae A5l Hs Hele] WAL FolA
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mpRgte g AL aEE A9 #ge] Al
-0.0114%, oprJo} ZdAtell Hla & AHAF 2 v
of theh 2=d B2 1 VAN F 28 ARY
113%2) o] 87 tehta 982 o % Sk ol
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AARE B4 AR g5 g Adule] 3HES
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