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Abstract . In this study, a gate simulation model was developed to reduce the truck waiting time br trucking companies servicing
container terminals. To verify the developed model, 4 weeks of truck gate-in/gate-out data was collected in December 2014 at the Port
of Busan New Port. Also, the existing gate system was compared to the proposed gate system using the developed simulation model
The result showed that based on East gate-in, a maximum number of 50 waiting trucks with a maximum waiting time of 120 minutes.
With the proposed system the maximum number of waiting trucks was 10 with a maximum waiting time of 5.3 minutes. Based on West
gate—in, the maximum number of waiting trucks was 17 and the maximum waiting time was 34 minutes in the existing gate system. With
the proposed system the maximum number of waiting trucks was 10 with a maximum waiting time of 5.3 minutes. Based on West gate-out,
the maximum number of waiting trucks was 11 with a maximum waiting time of 55 minutes. With the proposed system the maximum
number of waiting trucks was 9 with a maximum waiting time of 4.4 minutes. This developed model shows how many waiting trucks there
are, depending on the gate-in/gate-out time of each truck. This system can be used to find optimal gate system operating standards
by assuming and adjusting the gate—in/gate-out time of each truck in different situations.
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Table 1 Simulation types of ports
Ship Berth Apron Transfer Yard Transfer
Cranes Cranes
Simulation Types (Loading (Gate-In Gates Trucks
Anchora Quay Yard ) Dwelltime &
ges Cranes Tractors | Unloading) Gate-Out)
Berth Oriented O O O
Yard Oriented O O O O
Gate Oriented O O O
Berth-Yard Link (0] 0 (0] (0] (0] (0]
Berth-Gate Link (0] (0] (0] (@) O
Berth-Yard-Gate Link O O O O O O O O
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Table 2 Gate process time(Unit : sec)

Hong(2003) Choi(2006)
Classification Gate-In Gate-Out Gate-In Gate—-Out
(Export) (Import) (Export) (Import)
ool 110 20 110 20
ontainer
Loty 80 20 110 20
ontainer
Refrigeration
Container 110 20 110 20
Dangerous
Container 110 20 110 20
Oversize
Container 110 20 110 20
Vacant
Truck 20 20 110 20
Truck
Movement 10 10 10 10
Time

£ F3A w9 (Gate-In) ¥ 4
N AES FaA ¥ (Gate-Out) H == FAHo] Ut
AAA 0 Z=, F 10719] ACJERZ W=l F 4719 ACE
2 WEHEE FAF o] glom ol AE TS T3
A PEIHE o] =&9] AHolY B EMRTF 84 AE o7t A

2¥ = FEolth

Table 3 Configuration of the port P

Classification Detail Contents
G East Gate-In : 6 ea
ate Tn
West e ot 1
Total Area 1.2 mil
Block 35 blocks
Yard Ground Slot(TEU) 20,850
Max Capacity(TEU) 113,181
Reefer Plug 2,000 ea
Length 2 km
Berth Count 6 ea
Quay Crane 19 ea
Cranes Auto RMGC 40 ea
Manual RMGC 19 ea
Yard Tractors 130 ea
Etc. Reach Stacker 4 ea
Empty handler 13 ea
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SEEE
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Fig. 2= P Enjde] 3 6d7H201072015) 12905 =2 Container) 04%, ¥E2|(Vacant truck) 381%% #41% {1tk
W9 BEgks BAS Avg, AdhEow AA(Total) 25 ¥, W (Gate-Out)Alelli= WAl ZE|e]d (Full Container)
G s Frheklen, & Export/import) el 29.0%, & AH olU(Empty Container)7} 25.3%, ¥ 21 H o] 1]
Hal= A9 glon) SA(T/S) BEEFL 23 Z7lete (Refrigeration Container) 3.3%, <¢d %74 o] (Dangerous
= ol AolEE E33 EY 9420 27} golow g Container) 1.1%, Wt4 ZE|o]d (Oversize Container) 0.3%,
93, 53 4 BEY Fo BT HH(T/S) e HEH(Vacant Truck) 410%=2 w4510
AolE E3t EYS Z7td] QS vR Aow AT AAH e B, AelEe] AwY T4 Fol7] #sM =

HEQIAl M1z} H]& 381%<} WHEA] HIRF HI & 41.0%E =ol&=
Processing Performance of the port P (unit: TEU) w2o] JQ3 Zog HolW o]zd YAoTE EY ujx}
400,000 e sl i i s nit rat:f,g,ssz BJ' 4 U%] E]"I?"C ﬂﬂ Oﬂ [L}—E— ITT(Inter Terminal
350,000 310,093 T —= 8% Transshipment) 93 FAld WIAF B S-S Fol= thH o]
GO - 262,794 dash Ao Bzt
350,000 | 23958 233,436 [ 130%
196,604 __—*
200,000 171,341 170,686 p— = .
5000 1398 53142313 o qarvar oenne | O Table 4 Number & Rate per container types
1.
100,000 r 14-8% _ cos | 20% Container Gate-In Gate-Out
50,000 = e Types Count of Rate of Count of Rate of
. \\/ o Containers | Gate-In | Containers | Gate-Out
eC. ‘ ec. i ec. ‘ eC. I ec. I ec. Full
D 2010 Dx 2012 D 2012  Dx 2013 D 2014 D 2015 Container 45,375 428% 307802 290%
Fig. 2 Processing performance of the port P cglr]rtlgger 17,238 16.2% 26,829 25.3%
Refrigeration
_ i} . . Container 1,084 1.0% 3,461 3.3%
3.3 &t &otel Ao|E Xz 22 &4 Dangerous N N
, . . . Container 1,551 1.5% 1,163 1.1%
Hulde Ho 547 Ed dHl= 2k o & i

P grjde H 5 129 EY W& E5H FoA &letrailzeer 424 0.4% 312 0.3%

AolE &3 E5#e FY BAg fste] 2014 12€9 &%
V. t truck 40,451 38.1% 43 556 41.0%
G oA O® 4F7H2014.12.1.~2014.12.28) B2 106,123t4] acant e ’ °
> 0, 0,
W9 g FPAo® R399, Fig 302 LEUY Total 106,123 100.0% 106,123 100.0%%
J ) g o) ) 3 2] 2]
E]—. T"i_‘/}—l 7\'334'01] LL}_E_EE, %ﬁ%lﬂ%ﬂ _’__8_0 7]]'Z] 7( 7\2 o= 35 7“0[5'1.:4- Xn_lélo:! 'I?I'éci _E_A_.!
Sojutir), Badeld aUA PAHo Fojut =
He Ho|i 9l = Ege] 1% FR BEAAd YQon Table 52 Alo]EX &Y F3S B4 292 5%
B FoodxZ 2AM0% BAS 72ty BAe B} qe  (East) Al°lE EO~ECO% A& (West) Alo]E WO~W4= &
S & 4 9k Table 5 Truck gate-in & gate—out count per gate
Gate-In Gate-Out per 1 day
Trucks Gate-In between Four Weeks Trucks Gate-Out hetween Four Weeks Gate
8o oftrucks e i i Count Rate Count Rate Gate-In | Gate-Out
2000 0% || 25000 0% EO 365 0.3% - - 13.0 -
. B 5 | o B s | BL | 1307 | 12% | - - 467 -
i =y i E2_ | 5213 | 50% - - 1833 -
Bt B E3 9,243 8.71% - - 330.1 -
10000 1-163% = lﬂiﬂmﬁ = 10000 -82% - liimﬂ = E4 14,425 13.6(% - - 515.2 -
N X N ® [ | 20093 | 190% | - - 2 -

| | Yo [TE6 | 19632 | 185% | - — [ 701 -

Mon.  Tue ‘ Wed. ‘ Thu, ‘ Fri Sat Sun. " Mon. ‘ Tue. ‘ Wed. ‘ Thu. Fri Sat. Sun. N ECO - - 1'012 10% 00 36
e Wed W s : . T 0 =3 555 = = ed =

. . W1 1,419 1.3% - - 50.7 -

Fig. 3 Trucks gate-in/gate-out for 4 weeks W2 11260 | 10.6% - . 1021 -
W3 13,946 13.1% - - 498.1 -

o W4 8,881 8.4% - - 317.2 -

3.4 ZH0|H 7 M| 22 24 W5 - — [ 15657 | 148% | 00 559
- W6 - - 20777 | 26.2% 0.0 992

P Erde] B8 &S] S5 S Table 49 Zo] Z1H|o] W7 - = 34347 | 324% | 00 1.227
Y ez mwW 9l Gate-ImAldl A AdolY(Full | W8 - — [ 27330 | 2%58% |00 976

. Al 106123 | 100.0% | 106123 | 100.0% | 3,790.1 3,790.1
e o] (Empty Container) 16.2%,

Container) 42.8%,

L
[e)
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Rate of Truck Turn Time (Unit : Minutes)

B No. of Trucks Wi Rate
0.00% 5.00% 10.00% 15.00% 20.00% 25.00% 20.00% 35.00% 40.00%

|More than 240

180~240

120~180

110~120

100~110 [ o

90~100

80~90

70~80

60~70

50~60

40~50

30~40

20~30

10~20

Less than 10

5,000 10,000 15,000 20,000 25,000 30,000 325,000 40,000

Fig. 4 Truck turn time graph
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No. of Trucks per Time
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Fig. 5 Number of trucks per time

Table 6 Processing time of gate-in in E4/E5/E6

AlZFe Table 6 2 Table 73

R H
23, A (Gate-In)AlE Azt A 56d1E A st did
64z27}F A8 EgoH, {% (Gate-Out) Al = A1 # o 123t
& AYstn 1Ud 29271 285+ oz gty

Dec. 8th Dec. 9th Dec. 10th
. 2014(Mon) 2014(Tue) 2014(Wed)
Gate .
No. Time Count Count o, Count o,
of 1 of im of ime
Trucks | S¢¢ | Trucks | ‘S¢¢ | Trucks sec
10:00711:00 3 110 39 92 32 110
11:00712:00 49 73 56 64 51 72
13:00714:00 41 87 36 84 44 82
E4 | 14:00715:00 37 96 12 82 40 90
15:00716:00 51 97 42 85 42 82
16:00717:00 41 87 46 79 36 66
Max (a) 51 73 56 64 51 72
10:00711:00 32 113 47 76 43 31
11:00712:00 46 78 53 69 46 80
13:00714:00 4 81 46 79 51 70
E5 | 14:00715:00 44 86 22 71 45 80
15:00716:00 42 83 43 83 50 70
16:00717:00 43 85 51 70 45 79
Max (b) 46 78 53 69 51 70
10:00711:00 24 134 39 92 43 83
11:00712:00 39 88 50 73 44 80
13:00714:00 33 93 54 67 52 67
E6 | 14:00715:00 41 89 51 70 45 79
15:00716:00 44 81 53 70 43 85
16:00717:00 50 73 52 66 46 78
Max (c) 50 73 54 67 52 67
Total Max (a,b,c) 51 73 56 64 52 67
Table 7 Processing time of gate—out in W6/W7/W8
Dec. 8th Dec. 9th Dec. 10th
G 2014(Mon) 2014(Tue) 2014(Wed)
ate T - ~ -
No. ime Count Pro. Count Pro. Count Pro.
of Time of Time of Time
Trucks | (5€0) | Trucks | (se¢) | Trucks | (sec)
0:00711:00 61 60 75 51 71 52
1:00712:00 638 52 91 40 89 39
3:00714:00 103 35 95 38 102 35
W6 4:00715:00 106 34 13 32 91 39
5:00716:00 88 41 22 30 92 39
6:00"17:00 108 33 22 29 97 37
Max (a) 108 33 22 29 102 35
0:00711:00 61 59 85 32 il 47
1:00712:00 74 48 94 39 105 4
3:00714:00 103 35 01 35 103 35
W7 4:00"15:00 109 33 12 32 95 38
5:00716:00 9% 37 23 29 97 37
6:00717:00 116 3 16 31 9% 37
Max (b) 116 3 23 29 105 34
0:00711:00 52 7 70 52 62 58
1:00712:00 66 53 93 38 97 32
3:00714:00 100 35 05 35 84 43
W8 | _14:00715:00 110 33 07 33 9% 37
5:0016:00 38 41 20 30 92 39
6:00717:00 114 32 12 32 103 36
Max (c) 114 32 20 30 103 36
Total Max (abc) | 116 31 123 29 105 34
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Table 8 Gate simulation input & output variables

Classification

Variable Name

Value

Input

Gate

Truck Gate-in Time

Truck Gate-in Lane

Real data

Truck Gate-in Container Count

Truck Gate-in Container Type

77

Truck Gate-in Process Time

Statistics

Variables

Truck Gate-out Time

Real data

Truck Gate-out Lane

Truck Gate—out Container Count

Truck Gate-out Container Type

77

Truck Gate-out Process Time

Statistics

Output

Gate

-In

Gate-in Truck Count per Lane

Calculation

Gate-in Truck Waiting Count per Lane

Gate-in Process Time per Lane

Gate-in Waiting Time per Lane

Average Gate-in Process Time per Lane

Gate-in Occupancy Rate per Lane

Gate-in Waiting Rate per Lane

Total Gate-in Truck Count

Total Gate-in Truck Waiting Count

Total Gate-in Process Time

Total Gate-in Waiting Time

Total Average Gate-in Process Time

Total Gate-in Occupancy Rate

Total Gate-in Waiting Rate

77

Variables

Gate

Gate—out Truck Count per Lane

Calculation

Gate-out Truck Waiting Count per Lane

Gate-out Process Time per Lane

Gate-out Waiting Time per Lane

Average Gate-out Process Time per Lane

Gate-out Occupancy Rate per Lane

Gate-out Waiting Rate per Lane

Total Gate-out Truck Count

Total Gate-out Truck Waiting Count

Total Gate—out Process Time

Total Gate-out Waiting Time

Total Average Gate-out Process Time

Total Gate—out Occupancy Rate

Total Gate-out Waiting Rate
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Fig. 8 Gate simulation model of the container terminals
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21 A3}, Table 99 o] & E=4(Total Trucks) 106,123
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Table 9 Validation of the gate simulation model

Total Gate-In Gate-Out Gate-In Gate-Out

Trucks Trucks Trucks Ratio Ratio

(a) (b) (c) (=b/a) (=c/a)
106,123 106,114 106,050 99.99% 99.93%

4.6 Z0|E AlZzo]ld =Y Znt

M3t AlolE AlEH oA RS Fx| 3 7]E Alo|E A
28l Az e} At AlCE A 2®l A5 E Hlasy] 95k A
Edo)AS A3 Th

Al g o] 1£°ﬂ Rkl ‘?Q‘“ﬂ AR

odl AuEle ARs EUR

Table 109] A&
3]’)%———111 -1 }‘]Egﬂ ]
= Fig. 9 ¥ Table 113} 7L°] el Fig. 99] 7M1=
T Ao R YGERN O] F 6724 XH(=4F24 A 7F) F <ol
= ol wE di7] Efe] 7 QYR HhEE =
ATt

| "

ATV ({11 BTTY TP W

_—TTTTEE

:.. bbb dnbha. daddns maia.

TR T T

LTV (T TR PP TR TR
- I:-'HW "

1 B it s

Fig. 9 Simulation results between old gate system and new
gate system

Table 10 Simulation scenarios(Unit : sec, ea)
R Old Gate System New Gate System
Classification
Gate-In | Gate-Out | Gate-In | Gate-Out
Full
Container 110 20 4 19
Empty
Container 10 20 5 19
Refrigeration
Container Container 110 20 o 19
Types Dangerous
e Container 110 20 A 19
Oversize
Container 110 20 54 19
Vacant
Truck 110 20 54 19
Truck Movement Time 10 10
Total Trucks(ea) 106,123

Table 11 Simulation results(maximum waiting basis)

.. Old Gate System New Gate Gap
Waiting (a) System(b) (b-a)
Number ; . —40es
(iiscti of Trucks 50ea 10ea 40ea
B Waiting 120min 5.3min 14 7min
In Time | (=50ea*120sec/60) | (=10ea*64sec/60) :
Number ; . Ean
(\;stf of Trucks 17ea Tea Sea
A ™ Waiting 3Amin 7.5min o65min
In Time (=17eax120sec/60) | (=Teax64sec/60) ’
Number B
(\‘j\;zzsf of Trucks 1lea ea 2ea
Waiting 5.5min 44min o
Out Time (=11ea*30sec/60) (=9ea*29sec/60) 1.Imin
AlEd el ArE Q9st Table 113 o], 7|& Al°|E
Al Z=8(0ld Gate System)®] A& A A¥E BH, % A
olE9] EF XIQJAlel ti7]7F A wi= Hdf 500 o] o
7] @o] WAlste] EFo] Al 1208-S 7|8k Ao=Z
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