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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 between 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
fevel 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, 0.8 hrs. in container piers, and the
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probability of maximum queue length 12 ships in general piers, 2 ships in container
piers, and the probability of waiting is 44 percents in general piers, 8 percents in
container 'piers.

2) in general piers, 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 is no apparent necessity of port investment,
but it is expected to reduce invisible congestion occurred along the waiting line.

3) in Pusan Port, the optimal utility rate and the optimal arrival rate for reducing
wating time are 3.5 to 4.0¢hrs. /ship) in general piers, 5.1 to 6.0(hrs. /ship) in
container piers.
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Fig. 2-1. Arrangement of piers in Pusan port.
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Table 2—1 Details of Pusan Port
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Fig. 2-3. Cumulative distribution of ship
arrivals(general pier)

successive arrival vessels

(container pier)
| .
0~ 0.99 | 36 | 100.00 100. 00 } l6~16.99 | 11 | 190 | 10. 00
L~ 199 | 73 | 9379 94.68 | 17-~17.99 9 | 10.00 8. 60
2~ 269 | 58 | 8L21 81.49 | 18~18.99 6 8.45 7.39
3~3.99 | 56 | 7121 70. 14 16:~19. 99 5 7.41 6. 36
4~ 4.99 | 44 | 6L55 60.37 | 20-~20.99 8 6. 55 5.48
£~ 599 | 42 | B3.97 51.96 | 21-~21.99 7 5.17 4.7
6~ 6.99 | 41 | 46.72 4472 |22~22.99 | 4 3.97 4.06
7~7.99 | 35 | 39.66 38. 49 23-~23. 69 [ 2 3.28 3.49
g~ 849 32 33.62 83.13 | 24~24.99 4 £.93 3.01
¢~ 9.99 | 17 | 2810 ‘ 2.52 | 26~25.99 : 1 2.24 2.59
10-~10. 99 9 | 2517 | 2454 126~2609 3 2.07 2.23
1~11.99 | 17 ) 2362 | 2113 | 27-~27.99 | 2 1.55 1.92
12~12.69 | 20 | 20.69 1818 | 26~28.99 | 3 1.21 1.65
12~18.89 | 12 | 7.24 15.65 | 26~29.99 ! 2 0.69 1.42
14~14.99 | 11 | 15.17 | 13.47  130~30.99 | 2 0.34 1.22
15~-15. 99 8 | 13.28 11.50 1| 30.9901 4 i 0 0. 00 0.00
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Table 2—4 Time spent at the Table 2—5 Time spent at the
container pier general pier
0. 0~0. 09 0~ 1.48 1 100. 00 0. 0-~0. 09 0~ 5.32 \ 2 | 100.00
0.1~0.19 1.49~ 3.04 5 99. 83 0.1~0.19 5. 33~ 10.66 41 99. 88
0. 2~0. 29 3. 05~ 4.58 7 98. 97 0.2~0.29 | 10.67~ 16.00 133 97.32
0. 3~0. 39 4.59~ 6. 14 14 97.76 0.3~0.39 { 16.01-~ 21.34 97 89. 03
5. 4~40. 49 6. 15~ 7.69 25 95. 34 0.4~0.49 | 21.35~ 26.68 129 82.98
0. 5~0. 59 7.70~ 9.24 79 91.03 0.5~0.59 | 26.69~ 32.02 149 74.94
0. 6~0. 69 9. 28~10. 79 45 77.41 0.6~0.69 | 32.03~ 37.36 159 65. 65
0.7~0.79 10. 80-~12. 34 84 69. 66 0.7~0.79 | 37.37~ 42.70 134 56. 74
0. 8~0. 89 12. 35~13. 89 31 55.17 0.8~0.89 | 42.71~ 48.04 112 47. 38
0. 9~0.99 13.90~15. 44 40 49. 83 0.9~0.99 | 48.05~ 53.38 81 40. 40
1. 0~1.09 15. 45~16. 99 30 42.93 1.0~1.09 | 53.39~ 58.72 83 35. 35
1.1~1.19 17. 00-~18. 54 48 37.76 1.1~1.19 | 58.73~ 64.06 69 30.17
1.2~1.29 18. 55~20. 09 38 29. 48 1.2~1.29 | 64.07~ 69.40 32 25. 87
1.3~1.39 20. 10~21. 64 10 22.93 1.3~1.39 | 69.41-~ 74.74 51 23. 88
1. 4~1.49 21. 65-~23. 19 24 21.21 1.4~1.49 | 74.75~ 80.08 53 20. 70
1.5~1.59 23.20~24.74 35 17.07 1.5~1.59 | 80.09~ 85.42 32 17. 39
1. 6~1. 69 24. 75~26. 29 16 11. 03 1.6~1.69 | 85.43~ 90.76 25 15. 40
1.7~1.79 26.30~27. 84 4 8.28 1.7~1.79 | 90.77~ 96.10 33 13. 84
1.8~1. 89 27.85~29. 39 5 7.59 1.8~1.89 | 96.11-~101. 44 22 11.78
1. 9~1.99 29. 40-~30. 94 2 6. 72 1.6~1.99 | 101. 45~106. 78 28 10. 41
2. 0~2. 09 30. 95~32. 49 7 6. 38 2.0~2.09 | 106. 7¢-~112. 12 17 8.67
2.09 14 32.50 o] A 30 5.17 2.09 o] 4F | 112.13 o] & 122 7.61
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Table 2—6 Results of x° test
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Fig. 3-1. Model of Pusan Port as a complex of Multi-channel. Single-phase

Table 3—1 Frequency of occupancy
of individual pier
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Table 3—2 Distribution of service time Table 3—3 Distribution of service time
(Pier 1) (Pier 2)
A 7 A W% | FAREE A ZE7EA ERAE AR
(A 7h) (=) | (%) (4 7k) =) (%)
o~ 9.99 | 4 100. 00 G~ 9.99 4 100. 00
10~ 19.99 13 97. 58 10~ 19.99 17 98. 20
20~ 29.99 12 89.70 20~ 29.99 21 90. 54
30-~ 39.99 32 82. 42 30~ 39.99 30 81.08
40~ 49.99 22 63. 03 40~ 49.99 29 67.57
50~ 59.99 27 49.70 50~ 59. 99 23 54. 50
60~ 69.99 12 33.33 60~ 69.99 16 44.14
70~ 79.99 16 26.06 70~ 79. 99 18 36. 94
80~ 89. 99 12 16.36 8-~ 89.99 14 28. 83
90~ 99. 99 5 9. 09 96~ 99.99 12 22.52
100~109. 99 5 6. 00 100-~109. 99 5 | 1712
110~119. 99 1 3.03 116~119. 99 6 | 1486
120~129. 99 2 2.42 120-~129. 99 4 12.16
130-~139. 99 0 1.21 130~139. 99 4 10. 36
150~159.99 | 1 1.21 146~149. 99 1 8.56
160-~169. 99 l 1 0. 61 150~159. 99 4 8.11
169. 99 o] 4 i 0 0. 00 160-~169. 99 1 631
‘ 170-~179. 99 2 5. 86
(28 3-2)4 4Fasd K=39 180-~189. 99 3 4.95
Erlangian 478 Hiisln o BakES 190-~199. 99 4 3.60
ne) 200~209. 99 4 180
209.99 ©] 4 0 0.00
a0t BET MR BEE 1544 X¥=16.02(262
ol yans A 95%)¢| [HEEE el
wl K=2 2= M WM, Asteld, A#,
g %S £ fuksle B A 4 B
o @) gamE 222 ol gleh
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Fig. 3+3. Configuration of service time.
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Table 3—4 Distribution ot service time
(Center Pier)

MEs | rmez
&h (%)
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
80~ 89.99 7 43.09
90~ 99. 99 10 39. 36
100~109. 99 18 34. 04
110~119. 99 4 24. 47
120-~129. 99 14 22.34
130~139. 99 7 14.89
140~149. 99 6 11.17
150-~159. 99 2 7.98
160-~169. 99 3 6.91
170-~179. 99 5 5.32
180-~189. 99 2 2. 66
19¢-~199. 99 3 1.80
199.99 o] 4 0 0.00

BNk} 7HA U3 K=29] Erlangian
AT HEEL, BAES BET SR A
HE 1961 4 X*=31.04>>30.15 & 5%9 &

BARES @REA X3t =

501
40
301

20+

30 60 90 120 150 180 (Al7h)

Fig. 3-4, Configuration of service time.
(Central pier)

50
40
30+
20 p

10+

30 60 90 120 150 180 (A7)

Fig. 3-5. Confizuration of service time.
(Pier 3)

SIS, WL KM, Aselu
E Bs RSt 0 59 i
= 339 £o] it}

B} 714 EE K=2¢ Erlangian-
ofiE HEE L, FAKE RET BE B
HE 20614 X=39.82>>31.41 24 5%¢9):
FRKES #/Estx Zsle] FHe o},
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Table 3—5 Distribution of service time. Table 3—6 Distribution of service time.
(Pier 3) (Pier 4)
A 7k 77 9 x5 PHEE A 777 RN FALT
(Al 7h) =) (%) A1zh) ) (%)
0~ 9.99 6 100. 00 0~ 9.99 25 100. 00
10~ 19.99 41 98. 23 10~ 19.99 145 95. 96
20~ 29.99 51 86. 14 20~ 29. 99 134 72.54
30-~ 39.99 47 71. 09 30~ 39.99 148 50. 89
40-~ 49.99 28 57.23 40~ 49.99 63 26.98
50~ 59. 99 40 48.97 50—~ 59. 99 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
116-~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 o & 0 0.00
160-~169. 99 2 2.95
170-~179. 99 4 2.36 (A%)
180~189. 99 2 1.18
190-~199. 99 1 0.59 150
200-~209. 99 1 0.29 120 F
209.99 ©) 4 0 0.00 ool
AHGRE fegy, Adold, @, e T
BANE Ee MESE S B M o
i 619%0] 9ot T w0 w0 10 180 189 Ciab
RFOr ek 744 S K=2¢ Erlangian Fig. 3-6.  Configuration of service
AME HEE L, FAEE KT KR E time. (Pier 4)
HIE 140 4 X'=65.72>23.68 24 5% H SHHE Aslel HMBIHLA Hi #
BAKEES WRE Eete] FHIR RO B 253 Eo] gl ),
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Table 3—7 Distribution of service time.

(Pier 5)

A 77 j 9 x4 FHLE
(A1 2) ) (%)
0~ 4.99 6 1060. 00
5~ 9.99 61 97.63
10-~14. 99 85 73.52
15~19. 99 49 39.92
20-~24. 99 35 20. 55
25~29. 99 9 6.72
30~34. 99 5 3.16
35~39. 99 3 1.19
39.99 o] 4F 0 0.00

HEs S A R K= 39 Erlangian 4& Hi#sla, FAEE &
HE 7TdA x*=15.53>14.0724 5% BHEKES #WEdA Tt FEHR

Table 3—8 Distribution of service time.

(Pier 6)
Azad | W Ea | Aes
QED) =) (%

0~ 099 | 7 100. 00

5~9.99 | 62 97.86
10~14. 99 , 106 78.90
15~19. 99 60 46.48
20-~24. 99 57 28.13
25~29. 99 16 10.70
30~34. 99 10 5.81
35~39. 99 6 2.75
40~44. 99 3 0.92
44.99 o4 0 0.00

6 g Asjol HAH

(4%

100 +

80t

60 -

40

20t

O " 1

1 L I 1

10
Fig. 3-7.

(H4)

1001

80 [

60

T

40

20 30 40 50 (A7)

Configuration of service time.
(Pier 5)

EE R B
o,

1 L . oy

10

Fig. 3-8.

20 30 40 50 (A7P)

Configuration of service time.
(Pier 6)

olw AT WHRY B 3273l

e sHA EME K= 3¢ Erlangian %S s, BAEE BT #HR B
Mg 8ol A X'=27.14>>15.5124 5% HEKAES W Xste] FA=E .
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Table 3—9 Distribution of service time. Sy
(H+)

(Pier 7)

A4 | 9o NEy—

(417 &) (%)

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 i

40~ 49.9 5 69. 01

50~ 59.9 9 61.97 57

60~ 69.9 4 49.30 I

70~ 79.9 5 43.68

80~ 89.9 0 36. 62 0 . . ‘ . X

o0 99,0 : soa) 100 200 300 400 500 (A 7P
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 TGS AR, W, HAsY £me
250~299-9 ! T Tigshe Mgl A HRY HKRE
300~349. 9 6 29. 54 N AR G WAHEE weld
P09 ’ o™ SERSE 7 ERIR K =29 Frlang-
4004459 3 i an S8 WEGHL HEEE BED R
4904953 ! 63 BhE 174 X=37.862-27.50 24 5%
oo ’ o o HEAES WRAR Eod gHR .

3:2 AlZsiolMd

HERGERBRS sk dld s HEREEe] JhA = HEEHEsl o g S Al
AEdlol A Bk FIHel LISk Hsl RIS SiBdl= FHTY =de] ApAiyelet
= AL H3EE st fgERskgi e

A ol A WNHNE R Ao ARE MR st A Edeld do=a ML
Reba il SRR g &kEFY Had sgEstast e AEseld 2N
A BRHERA, AEwoldd FIMT MHHE (& 3—1003 Zo] 24ERD - H— By 2
Wl AEAEE - BB B HTHREEA, AFdAE T &S Wl et
Afdlol Ae EEBHQ HHAL Poisson S, Aolwl2EE 1, 2#KiE K= 3,
K =206 w2 Erlangian 4742 T4 A 7 2 Vol x| BIEE —#EL8 (Uniformal distribution
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Random number) 3 #i584o] (k3 REENTE BEAA A 54 o
A& kg vt
B A"l Al EdloldS B3 #5EEYS GPSS i
B AR AEdeA s BT £ Jdou, K
+ BASICH k& =Zza#d fiRes
TS AEdlel Ay =2aey RS £
3-100] i},
+E2E bt zo] MESHYC R I
1) #hde Bk
Al =% ) R RS

i
i 3Ll A1
EQlib B

=E (2d

o

022 Fi &% ML vloigls KRR F

ES 7] s}
|
Heb Aol S5 2T A=

SUBROUTINE
ARRIVE

| —
o el W
A7k} 27}

SUBROUTINE
BERTH

' ST
A2g ERETRY

RETURN

:of AT

o] &5, tf7|AI7F R Aolus

END

S SUBROUTINE VE
BERTH

|
710l 24

No

A7 24

RETURN

Fig. 3:10. Flow chart of programming.
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Table 3—10
Numbers of berths
for Simulation.
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Algel ol Aol k3t LlEm ERBE] Sifel Bstd 17
= Aol MelwlA R TH WISt RS ZA oA FEENY EmE MBS
2A geo =4 g BEAAE HEe. 2 sl LED BES wHES et

it) Subroutine ARRIVE
FIE R0l Aojul 2 BT BRI o2& F8| = Subroutine ARRIVE 2 o}4 77
o A el HERRME TEAR kel Fdolst & A Hlelgde RABE HHFrsld
A 7 fFAEstA Y RIRFAE vbE BB = FAdel & Bk, EF Subroutine
Berth 2 7bA % WS Aeiwl & BTHME FRT Fd obe FEsb= MY Mg
FERMS oM Yo RESR RET i £ =z2agoz HEoter)
iii) Subroutine DEPART

AAAe] AR MRS &w 3= Subroutine © 2 A ARARY FEERe) HTEERI B} &
SElell & WIHT ool MBS Frkslo s #iael Y FIEMAS HBEFI Ml waESH
o 2R FH doldl =g BiIS BA Y HE B E BN AY IS
3hvHE ¥ 9]+ SUBROUTINE BERTH & FH& oh-& IHIHS] MIERSRI-S Aoul &
2 3 EER OBEY #d Aduli ZTE MARE BMAA £ =zador 5o}
Zke},
iv) Subroutine BERTH

Subroutine ARRIVE % DEPART o] 4] % HiJH9] Aoju]l A wEEHRAES MAste] A olw

£ BEES BTERRE Fol, FAERS WEWEEA st vt
v) HJIEERS

Aol 2 27T HHABCT AR 5358 1604 £, Anleld W 580 e 3%}t
AHE =2ay #51E s MR

Agdel d 2BRE wstd HUyEE HBER £Re e 2o

) BRI RS

L) R

C) SFHAEZY B

2) A% Fiideld 3t MR

o2 q fERell T MEHY-E (29 3411 ¥ (29 3-12)% (E 3—1DdlA E 3—
147k RS FIAstS fissh Asdol Aol 4= z2a9.e (G ueldh,

(F3—11 3 <(E 3—12>& Avlely B 9 —EEe A Edo 4 RS Jehi+
9me AEHeld #RE Fihehw Aslel HEHY FMAL 47.91%, &% FepEL
0.8, Al2d] Figrefe 8.4rsRiel —iRIBIAY 158, FIFEL 85.52% MR
il 5.2, A&l PHRERS 204802 —BEEL Auloly BiHd il FIR
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18 HEFEsiREgi 0% & 15, 1986
Table 3—11 Results of simulation(container Pier)
\ 3
. 1 2 3 4 5 6 7 8 9
] | (%) 47.0 48.1 45.9 48. 9 47. 9 50. 5 46.9 46. 5 49.5
A=dgEA 8.5 8 5; 8.1 84 87 83 82 82 86
w71 Al 2 (A7) 0.9 0.8i 0.6 0.8 0.8 0.7 0.8 0.7 0.8
Table 3—12 Results of simulation(general Pier)
e T
S 1 2 3 4 5 6 7 8 9
4 = T~
| :
o] & &(%) 85.7 86. 0' 85. 4 88.5 84.2 83. 4 85.9 86. 4 84.2
ALRITAL | ooz a0 o 189 24 @y Wy Wy ng W2
7] A 7 (A7) 6.3 5. 2| 4.0 6.1 4.5 4.7 5.1 5.3 5.3
Z%‘;‘% 14‘ ﬁﬁﬁfﬂ 4 4Eivf‘rlu!]°] 1’]‘ general pier utility rate : —o—— o
‘_)a]. container .pier qt!‘lity 1.'““ ——— —— ;“
e &+l i s v - 1
(2% 3102 Aslol HEish —ph >
90.
Be A Faol A (EE WSl o et e |
80 1
—fE o B —RHEITST A W) o] v e =
Wt fHZ A HddA 4 Rk ok
AR N KRS BEho] AHE AL o
& 5 Utk 40} 5
(FF3—13) 9 (E3—14H=2 Fe &  xf
4 oz AL Aol WES 5EM A
o] ?%“IUJS‘V] ?%—T%‘ ¥ 9;};0] 92. 07%701‘11 ;{Fﬁ 1or e NP S SRR S
Tk wbebA RIS HHA EBE 3 L A
Fig. 3-11. Results of simulation for container
e A mEo= AL WHRAT + 9o pier and general pier.
Table 3—13 Numbers of vesszls and probability for ssrvice in container pier.
#7147 (4) 0 ' 1 2 3 4 5
o 71 3-8-(%) 92. 07 ’ 5.95 1. 86 0.15 0.001 0.00

o RIS 8 AR R Sl & WAL 56.20%0]9 itk 1287hR] Aojulx s

Bt 7y

+ %% ¢ 4 gk
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Table 3—14 Numbers of vessels and probability for service in general pier.

o) 7] 4 2 (2) 1 l 3 } 4 {5 {6 | 7 ‘ 8 j 9 l 10 11‘12‘13
|
l { T
] 7} #-8-(% )| 56. 20. 11. 80\ 8.2 oj 5. 58} 4. 34} 3.18 2.66] 1. 71] 1. Sll 1.23] 1.15 0. 5{ 0. 110. 00
(29 3-12)= Al @ FEHE B w
R . 90
‘q} ﬁ:ﬁ‘}lr"?of Hﬂiﬁ(-‘ﬂ'l g,[p}. probability of waiting vessels :
o 80 H (general pier)
BLI-9] #5R=m Hel Aswlo|d Hilds= A probability of waiting vessels: s——— x———s

( container pier )

70

el Aol A e FIMEe] 50% \
& s %ol Reensl wAe wx ||
ferh ol 3ol AR @ olow —fREIRe b \
Wl & M WS Foud MR %
E0F B ER Ado TS BAK
Hel Wbl K FUBAS S, —BEE )
£ MR R FREERIS Mt BB e e

'@'“?_‘ MR = 9}, Fig. 3-12 Numbers of waiting vessels
(general pier and container pier)

40

4. WXBIES| WEK

RE THE L Qe SIERY EEREL EMER BT A mALS MmMmaT
Bl FEfsh7l Bel AL Rneie] A BERE HI3EY AFdeAS @etd
st o

webd o2 ®wEKY R4 HE H&Az dv Mol Hete kel Bkl
BEHE o] "TRESEER o g KiEe] FEY AQSL 2kt BlEhsl B2 BES RUEX
RS BRI B8 KDE Ak AHMMES HEinel ==t MAAR 9 RN Efs
ojE@A MY AUE AT zH KERS wHHsaz g,

41 Mo{d|2E9| &

i) Aslold M
CEWE R KT FIERRMY BES o6
s Aolul £ Fyid BEC (kI EHER
BUES) zbo] EZ BEel BEES Aojul2kg BEAA A4 (k 4—D3
e FHRE AT Urh Aovl A pEfle]l 4RR] LITYH. oA ws] o R A
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Bl o AHET Ly Ao u] 2B5Rie] 15. 45(RERE/E) ol 22, BiZee] Aeojwl A Hzyw v} iR
o] ¥ =AU 4% RIE Binstd ol BAR BB BEAAES 12.50%0 52 4
oA REIRERY, RIER B RUIREZC] B Fol Heol AW AR MY FREO
2 7/ A Yol Avte A& Bokdoh 2y BAEY HIKRS U 265 BE KA
25, Aoju AR-e 7ol FIMAL 22.35%0]19 x]l2A #HAshE ARffe] 1] H
4 ow AHENMAC] FIY WAL 0.2%% &3] Horme HARKMT 0.028Moz 4
Aul 28 wby] Bild Ficshe Avo e A9 A& ¢ + U+

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

: . :
&Mﬁlixl&(xm/a)} ol & &(%) | 7] A] 2E (4] 2}) A= (H) ‘ A 7188 (%)
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 11
13 41.0 0.3 2 3.7
16 50.0 0.6 3 6.6
19 60.1 L3 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

BAee] MRS 50% WY HEE, Aolwls M 1009 FIAZELS 33.6%% il
AREEEE 2 Bolw FEUEENY-S 0. 1Mol =+ #HMiEL 1.1%71 =},

g HREe] BEMRY mAiabS A HE8 Aolul A rEiHS 31 &, RIS JER
£ B oz MRS A BEFAELS 9 100%24 BALE olFT + o
e MRS 37 B2 ZI8Se Bk BIEES 14 £olu] AR ARSI Muige]
BT S 87.2%%2 Wuld ELe BT 4 9.

(2E 4-102 AESoIH RS Jep 3 gok, Aolul 253 F-—sHA] &L B
W ar il BTilel = FIAZe] Hife 2 FRd Ao, FEBEZES 4 Bl WAL M
(R oFzke] fifko] FEdhe}.

=i Aojul 2 Bgffo] 13 LTS SiBol® #Hi7h A sk o FAZ] 40%
BUFR el Aolnla pffle] 22 LlE el FIAZKC] 70%% M@kt ol
ZSA ARz FUIT Aelulx Byl 13~22800 Abolql e & & gt}
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?g]_ () utility rate : ;};
& 100 waiting time : ——>x—— "]L
4

80 .

60 N

40 e

20 J

0 10 20 30
A o u] £ 4] 7}

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

DURS #5Re 28 Bgee Kl Aslold HWEY Aoju] 2 el 15.45 BfIe B
A FIER Hete] FURE AXY molut Amle] v ip-e AN Mol HES Ehishe
24 Rolx e WAt BT FEdsime fREERe] 1.3 LIS 1985 =, Bivee ik
L FEES 23%7bA) @A 7lE Aol wpabA s,

i) — et
S EH B RKE FIAEEY ®(ES 47
s Alolul 2 BERAY Wl kB EEEE o

Blbsb zbo] Al Ewlo] Ao £ MBQ FEEA Aoju 24e FWEAA A g4 3
o (R 429 e HERE 99

Aolul & mplije] 25 LT, &, H2FdA R —EHEY Hou) 2 Befflo] 58.39
Bzl EEste) MRS MIARR YL 245 BRSO MEREE] Wiscid HEmFEae
39-1%% b= FHIRRS, ISR Q BPHEAL 25 Fow AMSs i
of B Ffe] A2 Bphal Fol HHicts ol AH 98¢ Holw Yo Aoz
filo] 33m¢f] &, BifE MBMES 1.6 f52 MIFGZ] HEQ 4+ Jvbd HHEZELS 51.4%
2 BASh RRRERTS 0.02 Frf] 451 TS MRANEME 2 fo)w AMel: —RREErTRo)
RN AL 0.8%2 o] Aol 2% Bt 70y MRS ot 7 #: iFs
e A WHE + b Aojula nhfe] 431H =, B —IHIHY Buch 25%
BE BORY 58, BEFIAES 61.9%0]9 €% HUR-S 0.3 Mol = BT £
= 4Eoln] AU I WS 6.7%51¢ & 4 g},
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Table 4—2 Results of simulation by reducing service time in general pier.

Adul 2 (A 7N o] & & (%) = 7] A 7 (4] 7)) #7145 (H) 7] 2 (%)

1 2.9 0 0 0

4 9.7 0 0 0

7 14.7 0 0 0
10 19.6 0 0 0
13 24.2 1] 0 0
16 29.0 0 0 0
19 32.3 0 0 0
22 35.4 0 0 0
25 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
2 G 7 i




Agdlol Aol kT LUEM ERBRY Sl Bt 21

o
%l %) utility rate : ——— j{
£ 100 waiting time : ——x—— A]
Eds
80 4
60 } N
40 g
20 | i
0 Ko lly— N ety e

10 20 30
A o] u] £ 4] 7}

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

BLES f5=2 N BAES] i Adlolv] WIS Hojulx R 15.45 RIS Bt
2] FHFAe et FEUIR AXE ol Adlel e AWE #iigrhdl #HHIE FEhighe
B2H BelA ot U BEEL FEAslo e fiERTe] 1.3LUTSl 19W:R &, BEY Mz
& FEES 23%7tA) BmAZlE Aol upghA s},

i) —AB
- HE B kT BEEREY BIES O
- Aolul £ BRI B T ERR O

BlEsE Zel Aol de] £ BB FEE Aoju| 23D FEAA A 5w oA
o (E 4209 e BRE Q9.

Aojul 2 Bgfife] 25 LITYEH, F, H2FelA kT —REHRIAY Aolw A o] 58.39
Behilal sl B BEAERC 245 L LY EHREEe) Bosloe Bupspse
39-1%=2 fmAes v Frifinehd], RUIEH 9 RUHERS 25 Fow AMsE —iEsmn
o] RIS Ahte]l A& Mg Fol Hficts Yol AH g&E Holxm glom Aojux iy
el 33m¢f] &, BIfE MIMES 1.6 52 IMFHMERC| #HED 5 Jdvbd FIHZEL 51.4%
2 LRSS fHURE-S 0.02 B A TTAE MRANERE 2 Bo)y AMSIE —RHEITALo)
Y AL 0.8%2 fifie] Ao A% Bl Z0Y TMERS dovd 2 #HE s
g A g BT+ vk Aejulx phfie] 43 F, B —REEHY MHE 25%
BE WET B8, BHEAMAEL 61.9%c19 €% RS 0.3mMol = #ITaE fix
= 4 Eo]n ARl RINT WTEEMES 6.7%90 & o 4 gt}

1

ol
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Table 4—2 Results of simulation by reducing service time in general pier.

A e 2 ZH(A 7 /) o] & $(%) o 7] A ZH(4] 7h) H1H 5 (H) g (%)
1 2.9 0 0 0
4 9.7 0 0 0
7 14.7 0 0 0
10 19.6 4] 0 0
13 24.2 0 0 0
16 29.0 0 0 0
19 32.3 0 0 0
22 35.4 0 0 0
25 39.1 1] 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
43 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] N i
q 100k utility rate: 7]
_é_ waiting time : ——%—— ;‘l
% 8ok d20
60 115
40 + 410
20} 15

0
10 20 30 40 50 60 A o] ] 2 4] 7}

Fig. 4-2. Configuration of utility and waiting time. (general pier)

— 122 —



AEel el el KT FWHES TRBE Sl M 23

HUGEREe] RAERTHY 28% R2E R B Aol v 4 weRi] 68FRY FIMEL 95%7)
S RGNS 174002 A A0 ATAE MIIE 17 S0l S AnRe) A 0
BEMER 75.4% v sl e}

(1H 42w UGS FAES FHMRES FRste ded Aseld Hgs m—at
Al FIBISC] R AR o BN e EY 4 oo FEBEY A S
7b WEARR Al BRE 4/ 2RE JehiI 9ok

il ol F Bl Aoju) & ppfile] 53R5RT LIAEE S &R &3HA] ®|instn A
Wl £ pERe] 330 LITE-El = FURES R4 MRS MHe 50%7F Hx dowme
Aol u) AFEHY 337 489 RS HE, oA we) BAED ok 10 WA 60% 6T
¥ OGOl MRS BA/L D NS ROvhe EH(Trade-ofh s MEE Mk
s JEUIT kel 2 4 glowlel st

4-2 BAEe HE

ol Al gLtk B RG] Hele HMEAARS %A REYT AUE et =
oldlol = BM MEMHRA Bkl Mine FEIHME J2A RFHHEE BT Adsts
ezt qek. ol & FiTEIl Bl & AR FIERMS b B Eiahe
Bhed Wokell Addo] wke]l A S o, = AA AW S AE BEHE BISY 416E
A7 3 IR Ao 2L BFHigd K3 HAERC =& BRLME WEHLE
BEAA A Ewol A gt

i) Aelely Hig
B RS B o2 ERE o
R BBl K3 Aoiul 2 BERIS &E(ES A

DLLsl 7ol Al Eale] Ao £E B#al FEES] Hojwl24Ee HFWaAA AEslel4d 3

2 #iAE (FE 4303 Zeh FEERREe] 3.68RH SRS, E2#Ed A ke Aoy
if;amﬁ] FIEI AR ] 6.667 BERzt HoEstd BIfES] FISmRRIRcE 2% MER Ak
S WA KW FIRAEL BALE S 100%7F Hu B KRR g 4t B 50
B ol Abe]l HEAES FRHIRIAE BB 17 Eolvk v Aol #HHlsjord R
96.3% 2 Adkshe ALfATEEE A wbAglo]l Mojul2E whr Bake] {EN BEERIS ok
& Wikek=E R 10,000 DWT Ll ko) fk FEIAFTAES 87} 29 ol v —fiiasA o)

Sl e hebel o= A AR phAge| v},

BAESY FHEEE 60%BE ZA obd BEFHM-S 42050, BEAAZEL 90.11%71 5
o RRUIRERS 2. TReR], RRHD RTAE ARANE ¥ MEEL 6% 9 41.4%o|th. wkal, FEERR
MFRS BifER o 40% BE EmA ok, FEe 4.8 FIFEL 79.8%014 #i
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Table 4—3 Results of simulation by extending ship arrival in container pier.

EHAZAZSAH) |l & (%) | AN HAH(H) A 7125 (%)
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

BEN-E 220500, FR) TR BB H RS 3% 9 15.9%0|

E3 B8 FEBR 50% Ll A0S AMELS HE CEEAN SR &ists b
e A glod BEFIALR] 31%2 Hod-8 ¢ 4 v},

Blibel gk <29 4-3)9] fllreiie] Emozyel, Anolifge K& & [
meilsh FIRZSS] M7 BiEketd FIARSGH0] 5. 1R ol #pIwsRgs Einst 2+

o] ‘:H
tility te:
:‘% 100 :lvaliting r?irie : " — 15071
k:y : /{]
80 F 1407
60 130
40 + {20
20 110
0 1 . . .
5 10 15 20
EZA 7}

Fig. 4-3. Coafiguration of utility and waiting tims. (container pier)
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- USRS B =18 ERER o6
CERER KT A o] RIS EIES O
BlEst 7ol 27FA FE #E] A4S BEAD G5 4409 2ok, old FHmgR o]
2. 5050 F, —RIBIAS] FHFIFHEC] 3.484(RfEl/ &)l mnr, B FEERT 40%7)
A BEFMAEL 100% 7h7kol 5w #RRFES 17.4 5ol #RHITTAE £ 21
Lol AMSHs —BERRY B ARz Jvdsier & WHEMHS 87.1%2 oiuts] ¥
o, ubd, BUTRERIE MAAEIEBOT BlE 2l 10% Em3dvhel FERR] MIMALL
87%017 £% FUFERI-S 1.6 B5R0 = BIITTAE EME 6 £oln] AWM BHITAEML
28.2%o] t},
FriRERde] BAQL B MRS EBMZERIE BEY TEKRC 15% Bl FiER
filel 4 mghd, HHEHS] FIMZEL 65.1%°] o MRS 0. 1R:M), A E8E 3 &l
I WREME 2.2%2 A9 JdElA golE e}

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

ERAAZAR/A) | ol & (%) | @AARAED | AAAFE) | A EE(%)
2.5 ! 98.6 17.4 21 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
12 | 28.4 0 0 0
14 | 25.3 0 0 o

| .
16 i 22.8 0 0 0
18 1 21.1 0 0 0
20 | 19.5 0 | 0 0

(29 4-4)F BLES) KRS FIHHE Bl B8 FAE 3 HUEHNS Jeilz gl
. :
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40t \ 110
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Fig. 4+4, Configuration of utility and waiting time. (general pier)
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