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Abstract

Transportation provides an infrastructure vital to economic growth, and it is an
integral part of production. As a port is the interface bstween the maritime transport
and domestic transport sectors, it certainly plays a key role in any economic develop-
ment. Therefore, it is doubtless that inadequacy of a nation’s port will depress the
level of throughput, to the level where it fails to meet the target set by the national
economic planning schemes.

Korea is surrounded by the seas and the economic structure of Korea consists of
processing trades, so that it cannot be overstated that substantial economy in maritime
transport costs can be achieved through the improvement of the port transport system.

This paper treats the transportation process in Pusan Port by Queueing Simulation
method, and the reasonable size of Pusan Port is suggested from the point of view of
efficiency maximization.

The results of the analysis are summarized as follows;

1) the utility rate is 47.91 percents in general piers, 85.52 percents in container piers,

and waiting time 5.2hrs. in general piers, (.8 hrs. in container piers, and the
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probability of maximum queue length 12 ships in general piers, 2 ships in containcr
piers, and the probability of waiting is 44 percents in general piers, 8 percents in
container piers.

2) in general plers, the improvement of app. 30 percents in port capacity is desirable
for operating effectively concerning the current arrival rate. By introducing the
traffic control in container piers, there i no apparent necessitv of port investment,
hut it is expected to reduce invisibic concestion occurred along the waiting line.

3) in Pusan Port, the optimal utility rate and the opimal arrival rate for reducing
wating time are 3.5 to 4.0{hrs. /ship) in gencral piers, 5.1 to 6.0Q¢hrs., ship) in

container piers.
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Fig. 2-2. Cumulative distribution of ship
arrivals{container pier)
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Cumulative distribution of ship
arrivals(general pier)

successive arrival vessels

(container pier)
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Table 2—4 Time spent at the Table 2—5 Time spent at the
coniainer pier g(,mrral pier
ORI RS ST w2
0. 0~0. 09 0~ 1.48 1 100. 00 0. ¢-~0. 09 0~ 5.
0.1~0.19 1. 46~ 3. 04 5 99. 83 0.1-~0.19 5. 33~ 10.
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5.4~0.49 6. 15~ 7.69 25 95. 34 0.4~0.49 | 21.3:5~ 26.68 l 129 82.98
0. 5~0. 59 7.7C~ 9.24 79 91. 03 0.5~0.59 | 26.69~ 32.02 148 74.94
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0. 8~0. 89 12. 35~13. 89 31 55.17 0.8~0.89 | 42.71-~ 48.04 112 47. 38
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Fig. 2-2. Distribution of time spent at the
general pier

container pier
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Fig. 3-1. Model of Pusan Port as a complex of Multi-channel. Single-phase
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Table 3—2 Distribution of service time Table 3—3 Distribution of service time
(Pier 1) (Pier 2)
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(A1zh) CPI (%) («17h) 1) I (%)
G~ 9.9 I 4 5 100. 00 0~ 0.99 : 4 100. 00
10~ 19.99 [ 13 | 97.38 10~ 19.99 17 98.20
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| ; ‘
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110~119. 99 1 3.03 110~119.99 | 6 14. 86
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Table 3—4 Distribution ot service time

(Center Pier)

e I B N A
(4 2h) Gh (%)
0~ 9.99 0 100. 00
10~ 19.99 12 100. 00
20-~ 29.99 17 93. 62
30-~ 39.99 20 84. 57
40~ 49.99 16 73.94
50~ 59. 99 17 66. 43
60-~ 69.99 14 56. 38
70~ 79. 99 11 48. 94
8C-~ 89.99 7 43. 09
90-~ 99. 99 10 39. 36
100-~109. 99 18 34.04
116-~119. 99 4 24.47
120-~129. 99 14 22. 34
130-~139. 99 7 14. 89
140-~149. 99 6 11.17
15C-~159. 93 2 7.98
16¢-~169. 99 3 6. 91
17.-~179. 99 5 5.32
180-~180. 99 2 2. 66
190-~199. 99 3 i 1. 80
199. 99 <1 4 0

| 0.00
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Table 3—5 Distribution of service time. Table 3—6 Distribution of service time.
(Pier 3) (Pier 4)
CoqmaAd | ows ’ P quaA wE 4 | vAez
(A7) &) (%) {4 7h) 1) (%)
0~ 9.99 6 f 100. 00 ¢~ 9.99 25 100. 00
10~ 19. 99 a1 | 98. 23 10~ 19.99 145 95. 96
20~ 29.99 51 , 86. 14 20~ 29.99 134 72. 54
30~ 39.99 a7 | 7109 30~ 39.99 148 50. 89
40~ 49.99 s | 57. 23 106~ 49.99 63 26. 98
50-~ 59. 99 40 48.97 50~ 59. 99 i 50 16. 80
60-~ 69. 99 14 37.17 60-~ 69. 99 12 8.72
70~ 79.99 34 33. 04 70~ 79.99 15 6.79
80~ 89.99 19 23.01 80~ 89.99 | 13 4.36
90-~ 99. 99 15 17.40 90~ 99. 99 1 2.26
100-~109. 99 16 12.98 100-~109. 99 2 2.10
110~119. 99 2 8.26 110-~119. 99 2 1.78
120-~129. 99 9 7.67 120-~129. 99 4 1.45
130-~139. 99 2 5.01 130-~139. 99 3 0.81
140-~149. 99 2 4.42 140-~149. 99 2 0.32
150-~159. 99 3 3.83 149.99 o1 % 0 0. 00
160-~169. 99 2 2.95
176-~179. 99 4 2.36 (B
180-~189. 99 2 1.18
190-~199. 99 1 0. 59 150
200-~209. 99 1 0.29 120F
209.99 °) 4 0 0.00 wl
60+~
433 BBy, Adeld, @M, JFE
EANE Kme WS A6 BRY & T
2 " /.\‘—/“\L "
B = 6190 gl v} 0 30 66 90 120 150 180 (Al7D)
BMFRrt 714 LI K =29 Erlangian Fig. 3-6.  Configuration of service
AT hn, BEEE BRET BE B dime. (Pier 4) '
HE 1414 21=65.722>23.68 24 5% F 5EHE= Asiold HAMHRA O ¥
FokEES WREstA il FHL 89 #8253 Eolgl vt
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. . . - . . ( 21 __’;:_ )
Table 3—7 Distribution of service time. l
(Pier 5)
[ ) - 100 F
Al 7k 7k A U FAH L
(A1 7H) (=) | (%)
f 80
0~ 4.99 6 | 100. 00
o~ . [e .
5~ 9.99 61 ‘ 97.63 60
10-~14. 99 85 73.52
15~19. 99 49 39.92 (o F
20~24. 99 35 20. 55
25~29. 99 9 6.72 20 ¢
30~34. 99 5 3.16 \\
0 I 1 e 1 x e i 1 4 "
35~39. 99 3 1.19 10 20 30 40 50 (A7)
39.99 o1 4 0 0.00 Fig.3-7. Configuration of service time.

(Pier 5)

HWiEE ) b2 BRI K= 39 Erlangian 4% H#fsls, FLEE BEY &3 B
HE 744 x'=15.533>14.0724 5%9 HFEKIES HEA Fitd g},

Table 3—8 Distribution of service time. (H)
(Pier 6)
Al zk 7k A 4 = 5 FAET 100f
(A1zh) &) (%)
0~ 4.99 ’ 7 100. 00 80
5~9.99 | 62 97. 86
i 60 L
10-~14. 99 | 106 78.90
15~19.99 | 60 46. 48
40+
20-~24. 99 57 28.13
25-~29. 99 l 16 10. 70 -
: 20
30-~34.99 | 10 5. 81
35~39. 99 ! 6 2.75 0 - L L— ——t
i 10 20 30 40 50 (A7B)
40-~44. 99 | 3 0.92
44.99 o] A ' 0 0. 00 Fig. 3-8. Configuration of service time.
(Pier 6)

6 A= Adlolvl BHAMIN S A WS BMEE 327&0]d g,
EHWER S b4 ELE K= 39 Erlangian &% H#sla, S4EE KT HEL 8
g 8ol4A X'=27.14>>15.5124 5%% HEAES WEHA st o},
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Table 3—9 Distribution of service time. (R4)

(Pier 7)
T e | 0=+ J =TT
W ED )
0~ 9.9 1 100. 00

10~ 19.9 2 98. 59 10+

20~ 29.9 12 95.77

30~ 39.9 7 78.87 -
40~ 49.9 5 69. 01

50~ 59.9 9 61.97 ST
60~ 69.9 4 49.30 i

70~ 79.9 5 43.68
80-~ 89.9 0 36. 62 0 . . . . .

%0~ 99.9 5 26. 62 lOQ 200 300 400 500 (A z7bH)
100~149.9 1 29.58 Fig.3-9. Configuration of service time.
150-~199. 9 2 28.17 (Pier 7)
200.~249. 9 1 25.35 THIFE AR, T, $4a%Yd BKwe
250-~299. 9 1 23.94 Tikes HEClE AN W& M
300-~349. 9 6 22. 54 Ntoz 4 de MEES Bach
3503989 3 1408 SMEES 7H3 EU K =29 Erlang-
400~449.9 : o8 an HAE HEHT BAEE BET WA
4504959 : > 09 B 17614 ¥'=37.86>>27.59 24 5%
ooy ’ no o BEAUE WRHA el .

3-2 AlESdo|M
AEEREES e ot ERBR A= SN 2 BiES] S8 - Ed
Aol A #uiel FiMe]l sk fsl i HBdE FHWITT 2ol WAt
= A& HIFE WSt stk
Tl A= EHMFIEE 9 Aolvl2mg e sl AFdold dozH MERSE B
Rt InE HRBEH Y HEFRY HAs HRstna o Agdeld 2ImK
A BHEEA, AEsoldd FEG BEHE K 3—103 Po| UARD - H— BEY X
Wy 4AEED - HBEe me BEeEd A, AFdd AL Tty ee wa ok
Agslol A EEMPS AL Poisson ATEE, Aoiwl2%e 1, 2WEFE K=3
K =2¢] wt2 L Erlangian 4% 2 &7 3 vl HEE —#& 2 (Uniformal distribution
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Random number) 4} fifiseell {48 SAIATI & FekAA Awalel
A& T ot
i Al A E
4 FiLh Al Al fal ol 4
+ BASICol 3 =z
T A H e Ao
31004 21w}
BEEE HS

i) 1YL BxbE
A28 FIIm RS

ol A& 3% kA GPSS Fi5E (A
AL fE 4+ Ao, K dscelA
ke = MTS . SliEel
zzadY (FRE £% 555§ (249

3} zhol fEEEfN R WWlgtel

0oz Fu 4 Hie vyl iR F

START

ES % s
l
CESREPECER L

SUBROUTINE
ARRIVE

!
AT ol AL |
Azke) %7t

- @

SUBROUTINE
BERTH
1 ST 4 AT

=z

Aq 2L

RETURN

®

Table 3—10
Numbers of berths
for Simulation.

w |

R L

1 2

2 3
c-p 4

3 7

4 4

5 2

6 2

7 4

SUBROTINE

DEPART

717 olol ot

Aztel St

I

I
A7l 24 —@“J

Fig. 3-10. Flow chart of programming.
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Aol Aol (RE LGN ERBIZO Tl Bstd 17
=] fige] Aeolwl A # ek WEEshs R ZA AbolA FaGepie by HMIFERELLE
A FowH HAS MEFAE FHY. 1 ol LED wme WMEET AEde

ii) Subroutine ARRIVE ’

F GBEI0]l Aolul 2 BRI 2H-g Mol Subroutine ARRIVE 2 944 E{7f
o Aol WS BN ol Al & MY wAadE MRS Hicstd
WA ol 7 TifEdtAY 4xbigizh vhg Sl = WA E EMmAZ . EF Subroutine
Berth 2 7b4 4% Migle] AojulA BTHMS HEDL Fod ohg HEshs M sElilg
FIEES) iz 38 HEBE RET Bl £ 2P0z sFof2r

iit) Subroutine DEPART

Brane) M M-S o9 5 Subroutine o A HiinS] FHRrhijel MTMFH] no F
el = HiDTE slo]olv MBS Fksl= R #FiHMNac] Y FSAAMS IRE{R(FH ] THES
b aeEz i) dold =E RS AT BF HFHLelE BAAAY HEF
$h}€ ¥4 SUBROUTINE BERTH & UM ohe MRS MBS Aolvl2 A7
2 Ry EES RIET B Aoulx T BMEE BmAdA £ zzogoz s Eo}
7k},

iv) Subroutine BERTH

Subroutine ARRIVE @ DEPART ol 4 £ 18] Aoju]l~ TFEEHRBE st A o]y

2 Feie] S TERNE Zrol, FIERES HEATEEA] Sk Foh
v) HERE

Aol 28 TR RAECT —ARREES] S8 1604 £, Aol M 580 ol #igs)
A= =eal $HEE &Esle FIRE.

AEdel A MRS st WHH e BEAYN FRe e 2

) AR

L) R AR

T) WijA 29w

2) &%9 A W wWHE

ol Bl gt A&Hel W MMIHL (29 3411 ¥ (2™ 312> (& 3—1DAA (F 3—
7k JHFE FAstE Rk A Ealo]l el g5 =2ad 2 (JF>d 2l

(F 31D 3 (EF3—12= Asoly BEH ¥ —BEREY AEdold BREE vehld
9Ee Alsdold FRE Fiyshd Anlold BB FIHEL 47.91%, €% FFHEH-2
0.8, Ala®l Fiepile 8.4fpHols —RRHIAS $58, FIAKL 85.52% EEFIAR
e 5.285 0, Aoy FiFEER-E 20.4FpHo 2 —RREEY Adold HEHd Hdle] FIA
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Table 3—11 Results of simulation(container Pier)

;ﬂ\i ! ! 4 5 ‘ 6 ‘ 7 ] 8 9
o & #(%) i 47. of 48. 1{ 5.9 439 49 s 5 6.9 465 49.5
AagIEAL 5 j 8.1 84 8 7i 8. 3! 8. 2: 82 86
#H 7] A (A 7E) ! 1 0.6 0.8 0. 81 0. 7 0. 8’ 0.7 0.8
Table 3—12 Results of simulation(general Pier)
S = , '
L T
ol & (%) 85.7 86 o; 854 a5 sez 4 ssd s 4,i 84.2
ALEVEIAL L 2z 0 g 24 Wy mo Wy n o; 20.2
& 7] A 74 2) 6.3 5. 2‘ 4.0 6.1 4.5 4.7 5.1 5. 3i 5.3
L wo, e 4. 48]V = general pier utility rate : o o
&AL T+ U F| el e x|
- AE po| container pier waiting time: —&——s—a— 2
(27 3110 Aol MES —ppA h
Bl ARl BRE Mg A | e e |
—fERY e 2 —FHRIEIT 51 o) o] LY 35 o
Watol #Ht 2 Selad 2L EEE |
Agslold el wel AohE A% ol g L e e
& 4 et w0l 5
{# 3—13> 9 (K 3-10= ¥ & wf
T+ A= AL Aol KIS £8 M 2t
o] HEEtAl g WSl 92.07%o1% M NN el e
T2 3 4 5 6 17 & 910 (84)

Y M EBE 3E&E N

b2 A =E8ds AL BREY & e

Fig. 3-11. Results of simulation for container
pier and general pier.

Table 3—13 Numbers of vesszls and probability for sarvice in container pier.
!
B A (H) ( 0 ; 1 ! 2 3 4 5
o | ! |
7 E8(%) 92. 07 595 | 1.8 | 0.15 0. 001 0.00
i | :

o RIS ST MY MV 98 WAL 56.20%00m &K 128742 Heln 2 Wi

Betd Jidd + d$E & F A
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Table 3—14 Numbers of vessels and provability for service in general pier.
—— ; i -
ﬂirlﬂ—?(ﬂ)o'l,z 3;4}5!5{!7‘ 1o|111°1a
i i e
! \ ! 1
o7} 54 (%)] 56. 20( 8 &2i 558 4 34‘ 313 2 GQ L ( 5L L 23, 1. 15} 0. o‘ 0. 1‘0 00
(28 312>+ HAde] 2 fHNEN #
«|
;{1’ Mf’r—r‘% H-’:ﬁ(-s}l ;o\lr’} probability of waiting vessels :
( general prer)
B AR e melold fuiis M " orobabiity of waiting vessels ; 1
LY { container pier )
fiel Ao tfskal geo FIA ] 50%

& i Rsted MR WAL BA
frk ol Fol A gm glom —gURATe &
Wl = A BHEE Fooh HIH 3
L0 Be WRE AdIRTE BAlH
el BRfkol KT FUMES A, —RUEH
£ HRSE 4 FIEHS HA7t BE
T BT + Ak

1 b4 3 4 5 6 7 8 9

Fig. 3-12 Numbers of waiting vesszls
(general pier and container pier)

4. MFEBES HHEX

(M5

Bt A8S 1 v £UERe] ERER ¢ B8RS WY DAY A M
RS Myl BaA s S Aot pESSE F35Y AEdeld s izt

sl et

Feld 2 HERY —RonA KBE FEZ At Bel Bt Mol Mkl
BITREDTC] TTHEE R ol MR k#ol FEE RSt she B RHe Bfed] MR

Fad KRR S B#E KXY AEHMES #Bind el FAK Y

o] @Al BT AN E STz KFHRS =Hdstast o

41 Mo{dlAZES HE
i) Aslo]] K

- RRESR K% BEREY £FR o4

c Aojul £ Fefd] MEe KT EFER 46

ISR R

BlESE o] =T BHl HEE Aojujamg BEAA A gdolddtd (X 4Dt
Ze FRE A& Ao Aelvl 2 Beijo] 48R NTLH. chATE F2Fe KT A
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sl o G HEHT EYy A o] u] ZBEfie] 15. 45(RER/ )0l 2z, BIYES Aoivl A Hifkw o Mzl
o] ¥ A AMIL 415 FLE sty Ziol HWAY HIM MEFIHAL 12.59%°]3t2 H
o) x|} FEJUIRERY, AR 2 FHIREAS ] BT Fol S AMEst: Mol B Ko
2 7deEA golx Aot AL Furdtd. whd B WIS 25 2% LA
) BEW, Aelwl ABEe 7olx FIHIA-L 22.35%0]9 ¢l 2 A fEMIEE 4i4ge] 1 %e] A
4 qlowl AMEA] #HINT WAL 0.2%% &3] Hormw FHUEEME 0.02er A
oju] 28 wby] Fsle] FpiEhE Adlel e 49 USE ¢ 4 Ak

Table 4—1 Results of simulation by reducing service time in container pier

Ao ul 2 2] (4] 7&/11!)‘i o] & &(%) 7] 4} ZH (A 7}) ; W 7" (3) ] A &5 (%)
f I A

1 ' 3.2 ’ 0 | 0 0
4 12.59 0 0 0
7 22. 35 0.02 1 0.2

10 33.63 0.1 2 1.1

13 41.0 0.3 2 3.7

16 50. 0 0.6 3 6.6

19 60. 1 1.3 3 13.3

22 69. 4 3.3 6 25.5

25 74. 8 4.3 6 32.4

28 93.6 20. 4 14 73.5

31 97. 4 37.0 14 87.2

Blace] MBS 50% BORT i, AolvlA ReRil& 1009 FIA4AL 33.6%=2 #l)
AREE e 2 oln ARNEEM-S 0. 1BFMe] == #MIFEFS 1.1%7F ok

g BEAY REERS BAE AT B Ao A e 318 F, MY M
£ BlEY o HAIANRS A BEFHEL #100%24 BALE )FF + ot
i IR ST Rl o Zigsh RA FEHE 14 £olH A#EF AHSH- 4ol
T WTREHE-L 87.2%= diwhd] 2 BET 4 Ut

(28 41D AFdold #EE Jebda Qvh Hojul2Est F—sbA FFHE] E
2 sEd s FIAZe] Bifez &g Aok, FEEY o ol wEM M
th2 ofgkel kel e
g Aeolel 2 mphie] 13 BTl HEildlv #i7 A8 &= o FIfAE] 40%
2 "olxe] Aeojulx FEiHe] 22 HE FH & FIFE0] 70%F @@t skl
gotAl = Aol vl 2 BE-e 13~2285[ Alold & & 4 ot}

W
Jaﬁ-f? PR

_L
lm
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Algelel Aol gogh ZiLEM EL@EZS ol Bt or

° o
%} 0 utility rate : ———— 5]
& 100 waiting time @ ~——>—— Al
7+

80 t 4

60 J

40 E

20 g

0

10 20 30
A of 8] 4 74

Fig. 4-1. Configuration of utility and waiting time. (container pier)

BlEe #52 ¥u BES Sl Aslold KIS Aol BehiQl 15.45 B BlfE
< FIEHA it BUT AANE wolt Aslold e AMM #ifghel MHE T
24 Belx o& #St B Bestune Hmke] 13T 198MH 5, B Mk
F2 FHERE 23%7HA BmAA= Aol A e

i) —ARHR
- HR PRl KT BARRY RIFR A
- Alolul 2 pgfe] M & EREE O

Llish 2Fo] AlEwlold o] £% BM FIEEA Aoin2FE B&EAA A g4 ¥
o (F 42D e BRE 4t

Aelul 2 Beliije] 25 LUTEA, 5, F2HlA Kt —MIBEHY Hejulx Byl 58.39
#eful=l MbEgste) Bl SBERAE R 2% Db fERHEERe R4 BEAAEL
39.1%2 mAMbsl frmi, s ¥ HURES 2% Foe AdWshe —REEA
o] MRS Aol A& Bl Fol FMishs do] AH U&d Holx o Aoz it
file] 33EMH &, F WMIMRS 1.6 52 B K + dobd FAREL 51.4%
2 LSehe #IEERIE 0.02 05R RHD TTAE WAERT 2 %olx AMSHE —ENEel
BT EEE 0.8%2 Affc]l Aol g Bl Hd TR dod 2 BE fEs]
T AY T REL £ dn XMHL/; wfe] 438%M &, BlE —AHEHS WA 25%
B BRT 58, BEAMAEL 61.9%0" £ RIS 0.3 BHTE £X
Eoln] FofRH0] AT TIEEMR 6.7%9 & & + A
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Table 4—2 Results of simulation by reducing service time in general pier.

AAHNZARAR A o] H #(%) | AANBAR) | RS | Ao E(%)
1 2.9 9 | 0 0
4 9.7 0 0 | 0
7 14.7 0 0 0
10 19.6 0 0 0
13 24.2 0 0 0
16 29.0 0 0 0
19 ' 32.3 0 0 0
22 1 35.4 0 0 0
25 i 39.1 0 0 0
28 43.7 0. 001 1 0.1
33 51. 4 0.02 2 0.8
38 57.5 0.1 3 3.1
43 61.9 0.3 4 6.7
48 68.7 0.6 4 14.2
53 75.4 1.2 6 22.9
58 86. 8 4.6 11 49.9
63 88. 4 5.6 11 55.1
68 95.0 17.4 17 75. 4
o H
a 100k utility rate: —— 7]
o waiting time : ~———%—— A
kY 21
) 8ot {20
60+ 115
40+ 410
20 1 15

0
Fig. 4-2. Configuration of utility and waiting time. (general pier)
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Asd iAol k3 BuEM ERAES 5ol Mste 23

i aee] BLEMEHEy 28% RUE BRVE HLM Aofvl 2 BeRo] 68RERE FIMZE 95%7)
shed fRUESETS 17. 485002 Aol 1 TH MNKS 17 ol S o A & W
BEMLE 75.4% % "}

1yl 4-2E AR FIMASE NS FoReta ol Aslcld M @5
A BBl ERE AEE o1 KM Tiez FRE 4 dou MANMY 4% Al
Fb HALM ol Bz A/Ne =WE el 3 9l eh

i o] & nwl Ao)ul 2~ BEije] 53RN LIEYE = #EfEsEle] 23 minstm Aol
vl 2 REfifo] 338N LUTWE & FURHS] Rz MEERS WAl 5057 A genz
Ao} ul 2B5RY 335 484 WIMZSH: WML, ohA RS B weh 10 WA 60%9) KN
@ Rl MRS RiAde 9 MUY EAeky &i5(Trade-off) o] MIEIE BRR
shz EbIRE el | 4 gleele) #isle

4-2 FEE] WE

el A EILHES] EBE AAe] BEhe HEAES A REE AUCE s el
olWel = BA IR Helod e FENME 94 REHEHE KEYE AdHE
Sistnzl @b, ol & HFs B B REHEE S BENd EFHSTHE
shed Wkl Amel ol A%H L &, E: A AHUEL A€ HEEE RIS HHE
A7) 2 IS Aolvl 22 REMD KT SAEH @& RHSHE MENLE
BEAA AEd ol et

i) Awlelv] IR
- B GBS BE =L EEER M0
< TR Bl K3 Aolul £ BeRiY |IER oA

BLEsh o] Adue]ldd £E Bl FIFES Aojul2EE BEAY AEHld &
W o7 R (E 433 b FIgEHe] 3.6 oAl wE], H2EAAH e Ahely
HiEY PR ERRe] 6.667 Bzt HEste] FAES FUABRRIRC 25 EEE AR
o ERAA g RIS EALE o] 100% 7 Sk BEHY KRR fEsls UL 50

Bl o] Atel MBBsE FMIFTEE MRAEE 17 £olu 9 Aol RIS Y HEL
96.3% 2 AistE fifavich A9 shdge]l Aojul£E Wil Bt #T ZEFES ok
¢ Fwsle 2 BUBER 10,000DWT £l k9 JA THTET 8ot 29 £219 —£RHY
$EBRAA me Febd ol = A FARES YREEe| o

Y FEHEEL 0%EE =4 sobd FEHHS 420, BEAMBEL 27t .5
o FFHAERRGS 2.7RE, £ GTAE WME 2 WES 6% 2 41.4%clwn. sk, FEEH
RIS BEut 40% 2 EHA7 0, FiEkel 4.8 MAEL 79.8%
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Table 4—3 Results of simulation by extending ship arrival in container pier.

=AY | el B (%) | WA o7 A7 () o 7] 4 (%)

3.6 99.7 50. 1 17 96.3
3.9 95.9 8.0 9 73.0
4.2 90 11 2.7 6 41.4
4.5 83.9 2.4 3 23.1
4.8 79.8 2.2 3 15.9
5.1 72.8 0.5 2 8.4
5.7 65.4 0.13 2 2.3
6.0 64.7 0.11 2 2.0
8.0 50.0 0.03 1 0.3

10.0 37.0 0.02 1 0.01

12.0 31.0 0 0 0

14.0 26.1 0 0 0

B3-S 2. 285t, FEN) RS B D WAL 3% 2 15.9%°|th

=5 B FHBE 50% Lk RSl ABRES #H - READ S fshe 5
B AN Qo WIEAAEC 31%2 4i0e ¢ 4 At

BlES] #He (27 4—3)9) #uiEsie Mo e e, Aol Uiy Rl = 4
a5tz IR HEAA BEATE FEEo] 5. 1EHY Sl &Y Emstk =

°! tilit te: i

& 100f waiting time: —»— {507

= : 4]
80+ 1407
60+ 130
40 F 120
20 L 110

5 10 15 20
5347}

Fig. 4-3. Coafiguration of utility and wairing time. (container pier)
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Aol dol KD iRy FRERY Il B 25
FaFaE e 2T 6005 LUT e & FUA40] 50% LTl x #iipgfiol A P& 458
HEEgrebd 5. 1SFGEERI<6.0%1 i =hAl2al BlfES] Aslol Ui FAMFRIE T 10% W
2| 20% L WA AMAZIE Aol whAT e AL @AY ¢ A
1 T
- F GRS B W8 EEEE 4
< FMTOR (f3E A of w] ZR§h] MIES 40
LLbse ghe] 27bR] £ SHY AHE BEAAND (K 4—08) 2eh o= FiiaEo]
2580 &, —RMHINe] PIOF| G Fe] 3.484(Rsfl/E)elnz, HESY HEER 40%7F
HAgherd MUWARAZELE 100% 77l Hw Fefigsh-e 17. 4 Befield #EMWAE £/ 21
Eolm ST —AYEEIUARS I FEoE sldeer & WEEHS 87.1%E divks] ¥
. oh. ke, HfURRIE MAMBERIT BE uo 10% Emded BEee) MmAMEL
87%0°1m ¥ FUREHIL 1.6 BEfilel = SMIRTAE M 6 Hold AHM FITREEL
28.2%0] v},
HEERe] B4 B AN BfzeE BiEY FEBLC 15% RAdoR BIERE
fijo] 4 BeR, HIAS FIAIZALS 65.1%°] T #MIEFRIS 0. 18R], #BHIATAE Sl 3 %ol
2 RS 2.2%2 A4 AetEA gotE e

Table 4—4 Results of simulation by ship arrival in general pier.

E Az (A7 F) ol & 8(%) 7] A 7 (4] 7F) A F(E) ’ 712§ (%)
25 | 98.6 17.4 21 l 87.1
3 | 87.0 1.6 6 ; 28.2
3.5 73.0 0.2 3 0.5
4 { 65.1 0.1 3 2.2
6 | 46.0 0 0 0
8 37.3 0 0 0

10 32.1 0 0, 0
2 i 28. 4 0 0 0
14 ; 25.3 0 0 0
15 | 22.8 0 "o o
18 :’ 21.1 0 0 0
2 19.5 0 | 0 0

(23 4% HEY #RE FERRM B & FIAE ¥ FHRME Jepiz 9
o :
— 125 —



26 MR A W10 15, 1986

wphd —§EHAETY) FHEe) 28BS FSEENOl 3MEM] Sel fEaghe] Ziistm
2 Adesh: el HHAASE SRS FUFNNFES) AR 3 5MEMel A 4 BEEY Abol o] ERERY
iz #aske Aol WA s}

o] r,H
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S 100t . A
E waiting time : ————y——— 7
80
ol |
o |
} 8
20} i
Yo x _ T 2 M .
0 5 10 15 20 =AAZE

K wAAAE ABH AL FAT HRERBHE ooz Ml 25T 2
g sk B BE WE HB60Y MENE mRstded ZLH-E e iz
FRsle] Bt EEFTQ AR MRS WiESNS fzkel BEMRAEES WERZE R M
8 FIEERHY BUT HEl 8 BEERS HA HALE )5 F d= REN #®
EEeRE RSt gl

LlEe #EE B,

D S EEERAE-S HPEED A Fdlol el k3 Kol FHahtn EASHA

i) B MEEEQ SILEE Aol MEFFAEL 47.91%0]H && Ao 2E wta

2} FRAAEERT-S 0.8Bpol e ASEEF T WREMES M 8% A FHHiE K] B4t

= o], —#HBEAY MEFAEL 85.52% 2 £ Aoy 2 u Bl sk

BrilS 5. 28gRgo] v AR FREH FTRENME-S # M4%E K 12 £7hA #EShE HEst
Bad 5 gk

i) W SR BEERY Bl 22 By BHmRY HEL Aded BEs HE

Bl HE8UL Hlsle]l B OESREE B BEY LEM ks BEesHEA, —
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i Bl AESha 9L E MRS FRIUBENS 8 RAE s B T 00 4SS sk
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