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The main activities of container terminals are to load container freights to vessels, discharge them from vessels,
and store them in the storage yard. Container terminals make many operational plans to execute these functions
effectively. If the plans do not consider enough the loads of related resources, they may have low actualities.
This study discusses the optimal yard planning model which considers various resources, such as the storage
yard, yard cranes, internal vehicles, and travel lanes, in container terminals. The model determines the groups
and amounts of containers which are stored in each storage block by using the resource profile. The yard
planning problem is represented to the multi-commodity minimal cost flow problem and is formulated to the
linear programming model. In order to explain the application of the mathematical model, the numerical
examples are presented. Additionally, the relationship between the average load ratio and the relocation ratio is

discussed.
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Long-term

Yard planning

Mid-term

Kap Hwan Kim

Long-term calling
schedule

Y

Berth planning

¥

Quay crane
allocation

Quay crane split Operator scheduling

Y

Remarshal planning

Unload / load
scheduling

Storage location

Short-term assignmanet

Real-time operation
scheduling for QCs,
¥Cs, and IVs

Note) QC(Quay Crane), YC(Yard Crane), IV(Internal Vehicle)

Figure 1. The position of yard planning among operational planning in container terminals
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(a) The resource profile for inbound containers
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(b) The resource profile for outbound containers

Figure 2. The resource profile for inbound and outbound containers
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Figure 4. The flow conservation in a transshipment node
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Berth 1 Berth 2 Berth 3

Block T Block Z Block 3 |
Travel Lane 1 Travel Lane 2 Travel Lane 3

Block 4 Block 5 Block 6 ]

Block Elock 8 Block 9 |
Travel Lane 4 Travel Lane 5 Travel Lane 6

Block 10 Block 11 Block 12 ]

Gate

Figure 5. The layout of the storage yard
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Table 1. The distance between berths or gate and blocks(in meters)

blocks 1 2 3 4 5 6 7 8 9 10 11 12
berth 1 70 364 658 134 428 722 198 492 786 262 556 850
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

Table 2. 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 64 358 422 128 422 486 192 486
3 588 294 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 64 358 652 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 0 294
12 780 486 192 716 422 128 652 358 64 588 294 0
2 44310 ALSGT A9 2o 200 BAH ARE U BH3Y g 1D TAUYG. B4 Ao|Y <] A5
2317 <Table 353} 20} A 7718 SUE A, kel A% BEH(IH Y,
23, A5 192 T Y D ol WA 6
Table 3. The data used in the numerical example S =3 9 4 0] &2 <Table 4>} <Table 5>9 #t-< A
%%WJHPW4%QQQX%}MH7VhJ-4ﬂm,
s Values o] e 3t ol F 717He] 45 UEITE B2 W &L @ A
Handiing fime of & yard erane for receiving |} r5,, 4 BB QA FF Y 2 71209] T4 MEE HojA,
operaflons , FL UL DAY BE A A% A U@ v eE
e e o syl e R o, AROnE S 189 AF BA Fol 1013, B ¥IE)
— : 745 vpA 717k 9) ghol 1otk
Handling time of a yard crane for loading )
operations 1-361min.
Handling time of a yard crane for unloading 33 Table 4. The arrival ratio for outbound containers
operations periods -6 -5 -4 -3 -2 -1
Occupying time of a vehicle on a travel lane | Smin.
Speed of internal vehicles 9.6 J/hrs arrival ratio 0.02 | 0.05 | 0.06 | 0.10 | 0.12 | 0.65

413 A S Table 5. The departure ratio for inbound containers
} o] 220 5 2]
A% ZEdE 4 Aeold, 52 Aeleld, B2 18] periods +1 +2 +3 +4 +5 +6
ek 242t kel A 744§ Qo 44 Aol 3
@) 75}04 ]g 0 éi 7]—}4 0]'13:1 0]'1/]'./] 1%" %%%(Oo}:él' 1 departure ratio 0.34 0.33 0.34 0.48 0.73 1
d, BH3Y, vk 6Y)E FAET 2 Aol Y 44
= A4 Tﬂéomiﬂﬁ4ﬁ0Hh4¥%%%a%%6 dJAANE WY 74, 7=, F4& AA 44 349 A
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Figure 6. The network representation of some storage activities in an optimal solution
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Table 6. The average ALR of each resource by ALR levels

d5s UEYAE Yepdth A% &5 30 5% ZH oY,
A 3% g5= 59 Ao, AF TF 136S 347 A o ALR Average of ALR
Yol B3 Aolth A% &5 855 o] 2 o] wraha}A| x|k A level | Space | Handling | Traffic | Transportation
[e)
A 2530 D 136E 717 18 D 1500 2+ o] A o] A eHE o 300 | 90.072% | SL712% | 34.772% |  33.208%
9o
’ _ _ ~ 200 59.986% | 34.459% | 23.166% 22.130%
o o] WAYstA| k& W, T 7|7kl A g AL 5 tiH]
% 2020 H S Yo Hatg (LR : load ratio) & A o) sk} 100 30.045% 17.230% | 11.592% 10.754%
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Figure 7. The load ratio of space in each block over periods
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Figure 9. The load ratio of traffic in each travel lane over periods
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Figure 10. The load ratio of transportation over periods
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Table 7. The cases of comparison experiments

Case [
Outbound
30

Case I
Transshipment
30
14
300

Types of storage activities

No. of storage activities

Planning periods
ALR level

HEE ZFZ Ao of shA T
ol o] AEZ N7t B, &
yelel F7] Agelng EH%* il
AT AFE WA & Fjo =
Hup A4 Aokl ot el g
£ AFE A%t *434741
T W ASE A Set= A S
YPatgich gAY ﬁJJrE J A=
3| (feasible solution)E 2| 3} =5 &} T} A & ol A
of gk Fo| Azt o Aol & 2AEHS T

%%°@MﬂMWHXMﬂﬂHﬂ”ﬂﬂﬂ%%i%ﬂ
Q‘ﬁi Sol &= o 28 Y 9lo B

s ﬁl%‘%‘ii % ASole g4 37}01 Ij‘EH sto W&
AT webA v Agel M= A
e 719 EAS Ao R &
%UrEME} 4 247 o‘l‘oﬂ z%
7t 713k
n) o k=] A *}%H 74 o= 7P<é 3htt.
HXI e ;L%S A 479 d A9} FYsit.

3 A3}7} <Table 8>3} <Table 9>l A|AH St} 2
of EH?fH 10742 9] ZAE ZolRgtth BE EA oA A3

031
mlo

’ oxl
ﬁ%wm

R
ot
i)
|o
fu
i

i\

e N XN 3 )y X
o
VAN
—
S
(¢}
~
V
rlo
>

EU

[e]
5

oflt o}L

Table 8. The comparison of solutions from linear programming and integer programming in case [

Linear programming Integer programming
Solution after Gap of solution
SolYing time Solution rounding SolYing time Solution (AiB><100%)
(in sec) (in sec) (B)
(A)
#1 6.80 37,178 37,181 428.68 37,181 0.000%
#2 7.84 38,461 38,467 854.24 38,467 0.000%
#3 9.67 40,837 40,853 196.24 40,841 0.029%
#4 8.89 38,950 38,957 1,112.12 38,954 0.008%
#5 8.09 38,627 38,635 977.34 38,632 0.008%
#6 7.59 38,013 38,018 289.09 38,018 0.000%
#7 7.62 38,063 38,072 438.50 38,065 0.018%
#8 7.31 37,877 37,882 15.94 37,880 0.005%
#9 8.36 38,665 38,673 767.25 38,670 0.008%
#10 9.17 39,572 39,574 318.13 39,574 0.000%
Avg. 8.13 - - 539.75 - 0.008%
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Table 9. The comparison of solutions from linear programming and integer programming in case II

Linear programming Integer programming
Solut N Gap of solution
L olution after L . A-B
SolYlng time Solution rounding SolYlng time Solution ( 5 < 100%)
(in sec) (in sec) (B)
(A)

#1 5.22 50,318 50,324 551.00 50,324 0.000%

#2 5.74 48,548 48,565 375.92 48,552 0.027%

#3 5.72 49,737 49,742 597.71 49,742 0.000%

#4 5.47 49,802 49,814 152.24 49,806 0.016%

#5 5.80 47,478 47,484 328.62 47,484 0.000%

#6 4.78 49,728 49,741 6.58 49,728 0.026%

#7 5.53 49,590 49,595 469.90 49,595 0.000%

#8 5.44 49,257 49,262 252.62 49,262 0.000%

#9 5.56 47,871 47,874 432.12 47,874 0.000%

#10 5.53 47,547 47,557 80.10 47,552 0.011%

Avg. 5.48 324.68 - 0.008%
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