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Abstract

The delay due to congestion has recently attracted widespread attention with the
analysis of over-all operation at the port. But, the complexity of the situation is evident
in view of the large number of factors which impinge on the considerable end. Queueing
theory is applicable to a large scale transportation system which is associated with arri-
vals of vessels in a large port.

The attempt of this paper is to make an extensive analysis of the port transport sys-
tem and its economic implications from the viewpoint thet port is one of the physical
distribution facilities and a kind of queueing system which includes ships and cargoes as
port customer.

By analyzing the real data on the Port of Pusan, it is known that this port can be
represented as a set of multi-channel with identical set of Peisson arrival and Erlang
service time, and also it is confirmed that the following formula is suitable to calculate

the mean delay in this port, namely,

R en(oN)
M1—p0) Dy_1(p-N)

W,

where, \: mean arrival rate
p: mean servicing rate
N: number of servicing channel
o: utilization rate (M/Np)
ey: the Poisson function

Dy_1: a fuction of the cumuiative Poisson function

Coming to grips with the essentials of the cost of delay due to congestion, a simple
ship journey cost model is adopted and the operating profit sensitivity to veriation in
port time is examined, and for the purpose of a future develcpment for port pricing

service the marginal cost is approximately calculated on the basis of queueing theory.
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able 4-1. Disiribution of times betvween Table 4-2. Dirtributicn of times hetween
arrival of successive vessels arrival of successive vessels
{Generzl piers). {Container pier:,

O .0 i i | 100 (;-:'! oo, Go
I fotn 143 TT. e 71,33 2 2,00 o7 ! )
LR ) S0 6L €2.08 4 500 (SIS
J-c 0.0 it 5145 51,85 Sw 7.03 463
Lo Loou 13,4 S~ 0,00 R
= !
It o9 25,12 35,17 5 24,80
G- e 510 oR.Ed 20,01 ? 28 RENOH 25.15
T T 51 RENESH 25,23 100 22,61 22,70
| |
S Bt 2 19,13, o107 G~ 17. 69 018 18,00
G 18 15.6¢ 17.60 18~1¢. 99 17 i4.78 14 7¢
10 1o on 17 12.65 14,70 20~81, ¢4 15 4 11,13 11,63
i
IREEE RN 150 1.7 12.28 22~22.99 15 i &.25 e.en
12--12.¢0 oD 10,07 10.25 24~93. 09 I i 514 7T
IR IS 13 | 850 .55 DE-L0T. Y 1 l 3.8% G.o7
RS 16 6. 82 7.15 28~20, 00 8 ' 2,64 O
SR DR IT I T 5.71 5.07 30~21.60 | 4 1.2 4.08
n 4.92 4.09 3203280 } 1 1.07 3,20
{717, G 7 INE 417 34~35.¢0 1 0. 86 2.66
' ]
I8~ 18, 4 T 2036 3.43 36~27.00 | 1 0. 61 2,15
16~ 13,69 30 o 2,01 P RS 172
I
20 ~ 20 50 1 2,24 2.43 | 2 0.43 1.40
21~21.90 1 1.7¢ 2.03 41,600}k | ¢ 0 .13
T
LR RS 2 1.68 1.69 :

20~ 2000 1 .12 1.18
20 0000 2 1.0t ¢.¢9
LIRSS NN 0 }“ 0,82
oh Q 3 ¢ /S| 0.69
& 4 0,458 0.5 ~ - -
- ' (2=28.15<
9 Aty oo 1 (i, 29, (h. AR T
f 2 BT
Diy e 1 0.1t 0.45 .. .
: SNtk (Crn 4-2, 4-3
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(o/o ) Vv =
700«1 — 100 - X = 9.322
X = 5.553 0= 7.98
90 1 o= 5.211 90 1
80 1 80 -
70 1 i 70 -
591 et °0 (21026 G
w =089€" 5553 ¢ =1 9.3
o 5. =08 .
40 40
30 - 30 1
20 A 20 A
10 - 10 1
0 30 ) 0 20 30° 40 (A%
(EEED)
Fig.4-1. Cumulative distribution of ship arrivals Fig.4-2. Cumulative distribution of ship
for entry to Port of Pusan (General arrivals for entry to Port of Pusan
piers). (Container pier).
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Table 4-3. Distribution of time spent at
the General piers by individual
vessels.,

0~ 9.99 140 100. 00

0~ 19,69 251 81.32
2w 20,99 172 56. 22
30~ 39.99 130 36.95
10~ 49.99 71 22,40
50~ 59.99 a7 1445
60~ 69.99 20 8.06
Y0~ 79,49 14 5.82
S0~ 89.99 ) 4.25
90~ 99.99 il 3.25
100--109. 99 4 2.02
110-119.99 3 1.58
120~129.99 5 1.23
130~139. 99 2 0.67
140~ 149, 69 9 0.45
150 ~159. 99 0 0.45
160~169. 99 o 0.45
170~179. 99 0 0.22
180~189. 99 0 0.22
190~199. 99 0 .22
200~209. 99 0 0.22
210~219. 99 0 0.22
220~229.99 2 0.22
229,990 A 0 0.00

50~ 29.¢

G0~ 99,

100~109

109.99 ¢

69
.99

|}

Table 4-4. Distribution of time spent at
the container pier by individual
vessels.

2E7EA (A7)

A

0~ 9.99 225 | 100.00
10~ 19.99 95 L
20~ 29.99 | 9 10.04
30~ 39.99 | 4 1.71

40~ 49.99

Takble

4-5. Time spent at the General piers,
arranged for comparison with
Erlangian distribution.

owa)

el o Lz |4
0.0~0.09 0~ 2.93 | T 1800
0.1~-0.19 2.94~ 5.86 | 39 \ €6, 22
0.2~0.2¢ 5.87~ 8.80 65 . L83
0.3~0.39 8.81~11.74 76 ‘ §7.37
0.4~0.49 | 11.75~14.68 60 TU.06
0.5~0.5¢ | 14.69~17.62 63 72,34
0.6~0.69 | 17.63~20.56 84 €3.29
0.7~0.79 | 20.57~23.50 42 23,88
0.8~0.89 | 23.51~26.44 65 5118
0.9~0.99 | 26.45~29.38 49 43,90
1.0~1.09 | 29.39~32.32 44 | 2841
1.1~1.19 | 32.33~35.25 35 | oo
1.2~1.29 | 35.26~38.19 45 26, 56
1.3~1.39 | 28.20~41.13 31 24,52
1.4~1.49 | 41.14~44.07 28 21.05
1.5~1.59 | 44.08~47.01 31 17.62
1.6~1.69 | 47.02~48.95 20 1445
1.7~1.79 | 149.96~52.89 16 12.21
1.8~1.89 | 52.90~55.83 10 10,41
1.9~1.99 | 355.84~58.77 14 .29
2.0~2.09 | 58.78~61.71 15 773
2.09 o] 4 61.71 o] 2k 54 G.05
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A&
Table 4-6. Time spent at the container pier,
arranged for comparison with 100 —
Erlangian distribution. 90
- 3 DATA
&4 F e [ Aweac | T [raee O R
- 70- K=23
0.00~0.09 0~1.18 0 100.00 60
0.10~0.19 1.19~2.36 2 100.00 504
0.20~0.29 2.37~3.54 7 99.57 401
0.30~0. 39 3.55~4.73 26 98.08 301
201
0.40~0.49 4.74~5.92 31 92.52 73
0.50~40.59 5.93~7.11 48 85.90
¥ T T T I T
0. 60~0. 69 7.12~8.30 44 75. 64 0 10 20 30 40 50 60 (##D)
0.70~0.79 8.31~9. 49 49 66.24 Fig. 4-3. Distribution of time spent at the
General piers for comparison with
0.80~0.89 9.50~10. 68 40 55.77 " Erlangian distribution.
€25
0.90~0.99 10.69~11.87 51 47.22 60
1.00~1.09 11.88~13.06 28 36.32
1.10~1.19 13.07~14.24 18 30.34 50+
.20~1.2 .25~15. 26.5
1.20~1.29 14.25~15.42 26 6.50 40-
1.30~1.39 15.43~16.61 20 20.94
1.40~1.49 | 16.62~17.80 | 13 16.67 30-
1.50~1.59 17.81~18.99 11 13.89 20-
1.60~1.69 19.00~20. 18 10 11.54
1.70~1.79 | 20.19~21.37 7 9.40 10+
1.80~1.89 21.38~22.56 6 7.91
0 ' i ' 0 25 ()
1.90~1.99 | 22.57~23.75| 13 6.62 5 1m0 15 2 5 (B8
2.00~2.09 23.76~24.94 2 3.85 Fig. 4—4. Distribution of time spent at the
2.09 oA+ 24.94 o} A 16 3.42 Container pier for comparison with
. . 3 1 . .

Erlangian distribution.

4-3 iAol S8 hel Mamngr W EEEol %
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stgeh ShiEMol A RskE MBS pEstyl B FUE B EEsbe W Rt &
FEA M 25 B8 94 Mg drEE M HEsde O, BE Sk SHT Mg
B A RS T B £& (R 4-T 2 (K483 R G 4D, (R 4B
BARHESY MMS oA Bt e A& BelFa e o, £2 FH FE A
M HEFEHEST —EEe ool B £4 4.0174, 0.575%0leke & &+ g+
Wi W] FPTFIEL kel s EROQ TS Aol LKkd o A
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Table 4-7. Number of days in which a queue Table 4-8. Number of days in which a queue
of ships occurred at the General of ships occurred at the container
piers. pier.

~ W g (LD E Aol v it wrag gk ol SR AN 2D | Aube] o 7} 7} bl gl ol 4=

0 ‘ 3 .

1 15 !

2 | 31 0 101

3 ‘ 32 P

i | 30 1 5 63

) ! 33

6 | 3 2 : 12

T 3 9 '

] i 9 3 : 3

9 5 :

19 | 0 4 2

11 i 1

1ol | 0 ) 4 o4 ] 0
- - z 1o Z ! 131

e i 181 o |

Ancher s fbeba] JEHE ol 057 o REAIE MAERSMEO R shalch. (32 -9k (& 4-10)
0 FURTRSH Tl o] VI BHEAES) AR Bl gt A, A% FR 894k, 468
B SRS o] ARGS9k 44 30 57RRR, 6.85Mol itk el Ael ST
BRI 7] 7 el CPEIRT-0 A8 1,36228 ] ¥io 0. 8ORSAe] 310 E Hiffo] Pel

(LN

el el A o] sbal o) TR R B TRl M A5 3LABKEH, T.710

Table 4-9. Distribution of the elapsed time per ship at the anchorage (General piers .

Voo o |oE RS
AR J‘ ‘»(» v | (A0
~ e Lo | a6~ 37,99 24 108~109.99 | 1
2o D00 17| 38 30.99 20 2 110~ 111. 99 1
~ 5wy = 40~ 41.99 29 21 112~113.99 1
P Ty 43 42~ 43.99 1 1 4~115.99 | 1
50 | 44~ 45.99 19 4 H6~117.99 | 0
2 b 45~ 47,90 21 0 118~119.99 | ©
55 1 M8~ 40,99 31 | 0 120~121. 69 1
82 0 50~ 51.99 1o 2 122~123.00 |1
B B X 6 5~ £9.0 2 61399
L 2u 54~ 55.69 g G0~ 0199 o I
2T | 56~ 57.49 6 92~ 93.90 | 2 160~161.99 | 1
53 | ss— 5900 | s 91~ € 5 162~163.99 @ 1
at | 6o~ 61.99 4 96~ o7 1 164~165.99 1 1
24 1 62~ 63.99 | 14 08~ ¢ 1 16616709 1
10 64~ 65.99 19 160~ 101. : 23223300 |0
19 G0 67.09 8 102~ 103. 4t 0 203.95¢] 45 g
o | o8~ 60,00 1 104~105. ¢ 0
4| 70~ 7Leg 15 106~107. 99 : ]
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Table 4-10. Distribution of the elapsed time per ship at the anchorage (container pier).

A | By [ A e 5T [ aeacw 25,7 | AarnAacn EF
s hu i N
0~ 1.99 303 I\ 22~ 23.99 9 44~ 45.99 0 66~ 67.99 1
2~ 3.99 22 24~ 25.99 1 46~ 47.99 0 68~ 69.99 1
4~ 5,99 12 26~ 27.99 2 48~ 49.99 0 70~ 71.99 1
6~ 7.99 28 28~ 29.99 2 50~ 51.99 3 72~ 73.99 1
8~ 9.99 16 30~ 31.99 3 52~ 53.99 1 : :
10~11.99 18 32~ 33.99 1 54~ 55.99 0 122--128.99 !
12~13.99 9 34~ 35.99 2 56~ 57.99 0 210;211. 99 1
14~15.99 7 36~ 3799 1 58~ 59.99 2 211.99 o] Ak 0
16~17.99 8 38~ 39.99 1 60~ 61.99 0
18~19.99 4 40~ 41.99 3 62~ 63.99 0
20~21.99 3 42~ 43.99 0 64~ 65.99 1

4-4 @EFES| A

R B IOREEE 94), 2, 7R 3,4,5,6,7, 8- vl HHEAR Rl R
BE 93 93er, S#EE HARRIZE SHAA BAAZA. 1982 1. 13+ 1982 6. 30
7 ¢ FRKS HHEd SAY & BE HARERE (E4-1D3 2o T ojv} WISt 1
B —BEEE 2es HEsle] FHEHEED qom —fgmE el bR HH R B B
v g 9ok, (RA—1DAA B vieh 2ol dEEEE A Y e o Bl RE

g S e WIS THAT L7 v Foleh. B
Table 4-11. Frequence of occupancy of

individual piers. 3F THEE AKX, HE 2 EA o WEERER

. T B = 5D o T WMiksHs 7l HAEl el =
1 196 =1 pEige] RolA Wk s RSk

oo e sl A B3 el ] W L

3 192 FCFS el 431 Aelul 2% Merhs vy

: 207 o, BHG BT RAST ELE AL H

i ﬁi 8 wEs T QE Efel 2R BT 2R

2 ( 1534 WA BT 4 goh @ £lEs 2

Hgh 1 kel BETRET BES 2 SER
[1.4] ~ & (Multi-Channel System)o] =2}t 2 & gomg, 2A —gymgEel el o B T o
o Vi EEAETALY R EMESH akS kst G 4—1D6 Vet 9 & B
o) LR MAS ddA A= wrteel o b 1 #Hige gD ERE A2 HA E
% = WEEge) Fisks ol 9= @AY At %A B o A P e R 4yhiel FIA
2 e got Eol Edvh 2E W}, oleldk AAMIT B Be mpg Jrolnz KK 7

ol AL BEE AR @ikt
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|;”< &

Ny= ;-’-ifjj?ijﬁ'ff;i DA =1/5.553=0. 1301 4 /1%itj(Poisscn dist.)

= Py e ) R ey ==1/29. 39==0. 03403 4 /i%f0(Erlang dist., K=3)
Nyz= 2] 11 1e) R Ny=6

o1= I =N/ Nysy © 0,=0. 882

107

»J\

= PEIR T N=1/9.322=0. 1073 1%/m:if (Poisson dist. )
pe==1/11. 88==0. 08418 1/n5A(Erlang dist., K=i)
W No=2

i HFH 4y 200 Erlang
- Ditgfie)
Kol 2wl

ok o o ' '
T . j
| Poisson A iz fliiche - i
AT S -
vl ©oored mbigs T
| |
©ooob ) Poisson gy qliE
a8 ST ST Y [ N S e —
=53k kel gy . | Lo ,
; : R |
Single-channel-Single-phase) A~ . .- T P = ler T e Lo
BT Fhat (orel 4-5)2= (orwl 3-4) 9] Fig.4-5. A Model considered Port of Pusan as a

complex of Single-channel.Single-phase.
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Fig.4-6. A Model considered Port of Pusan as a
complex of Multi-channel-Single-phase. L7'=W"g)
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HRSHA =1, e M-S S RO MAEE BESA o). oln) BRY ANY EE) M
kel o] HBACl A BHA =W $WEL BEBER Tt BEAREY BERE HY BKs 2
EIN# A (Surcharge) & Eisl FEF FoRslA S o, ol HWo] AL EA = FAo &
FEAD A2k FRe @ES Flhsle] MEY HEN AU BRAD L5 9o
fiRffio] HMpol A EEET ol MAELE RS WA MES To) @Rl FNMES = o

Ao 4 27 foled MES MBARA 29 REstd M2 g me HEgoe
2V H#CR BHs A3 JhA MEST % ERREE ERdcls e, o5e 89 o
=3 o] HEE EZHIY.

W: e =27 dwt)

ot MRS BARRE(S)

n: e EAER (vear)

Ve : #2# (n-m/day)

Dyp: A=) Bialol o] [HIgiEEREE(n-m)

au: MR 3 bS] EHEE($ /year)

New: A %

ay : BRBEHE($ /ton)

9ept A BHHE Vipool 49 545 BB 142 & (tons/day)

b Hell A A Rlsl RpERGY K

Ty - Apsoll A E#E oG

Ty, : Bioll A 143 weRS

by : SEER($ /ton)

7o FF (% /year)

7is : SRERE(% /year)

Tme: FERFE B JIEF FER

L,: M BEH%

Histe vl 2 & 5 et shd

DAB

T,= 7, T (G-

Holl A THES MR T,=
szTp1~+Tp2 ........................................................................... (5..2)
Ty} Th=
Ty=Tu+T.,
Tyo=T+ Ty
why Tt A A Aolu] 2 vk mg
To: BHol A Aelu) £ wro pkpg



HwEBAR Al 299 S Mg B

Bt T e A A plod el
GEREDL T 474F Brooar iibr

o) 1z, MMAeiv] ngly Tosh A
T,=Ty-T
To=Tu:+Tee
I LR R gk T
Ty T ATy ooeerveermrmmeneens R TR AT (5-3
ofrh. mik, LU (5-Dp (-39 b i

‘—TJ

 Tu+T+T,
olrh. vt E G AMGE ke AlEh

Sp:[\_'sp.[;'o — +7’.s+rm] (B /FQAr)  wurriercmhiea (5-5)

d"lr‘?o)
by ST O que Nl $ /year)e] s, il EORHEL: a2k AlTh

- Ve Dap _ @G Vi Dan 5
C’_{Z/ [ If 'J’] Qer 1/7517 - 1/33 20 (J 6)

wprbel, BRENTS AR faie] A sesob sieh M RIHALRE stz Wi b Fehrelet

W, g bR ekl Toebz obS SR A Aesle s B shAl slmE, M

2w olvpz o] mekoed sl M Lz AR BREIE 9 9l B HECE

Areh. el T EAells ve) s B AR St e
L are _vg'st/:‘DAB

K ’o(lﬁL’o) o GG Y ot Blan
Cs/v—'[\s;; [ (147¢) "1 +7’,s+)’m]+ﬂw Newt— Td T 1;'33[0

o ro(1+47rd" . v L., arqep Vi Dap
=Ko [y bt Nak o P oo

(8 /YAT) wervrreemmes s (5-7)

ghal, FEITACT
v L. ]
]esp:—,/;/.}t/ . T,%.’T_]LT (g/year) ......................................................... (D—S)
ofvh. & (5-Tyzb U (5-8)4hr] ARG AR T TS

Poy=R.y—Coy(§ /year)=by We 5"t

4[5’0‘%%.]\'{“(4 L ;,4‘/"(1511"( _IffsﬁfD,AE T (5-9)

T T3
R oo
Vip

b tonf ARSI Pyl AVEehl ehab £tk
D
AB?V _+-TS+TMJ

sy Vi Dan Vo o s
Ploy=bs WV, ep, T D e N (5-10)



178 BEEEASE KRB RE B8

R(-100¢ 2] BIRES WA 99 MEEREDS) Wahd S8 o), BEENRY EE
@ vape 22N o o goe e vdFn 95w, pEE BEAS A% ENAH
#(S)% MAKS (- Nodo) o8 BAES Yeise] 24525

2, T BRI o, RS KIS MRS BET WS gtk B, 23 o me
ARG ERLO T e MMARS O MAUKET B9 ¢ 9o MM MERE W A
of ToETh MR, MEEL B MUK MBIEEE o) Bloshe RS ZARSITS) Aol
e pEden ¢ 4 ok 2RmE ol WD Ho mEAGA WTEE R e
WP SRR R4S RS S BT BRE 22 slon ol4n g BEAA %o %M
EEMEL FEIDL ¥ 4 95

e, 714 BAE Bl oA BAY HEHA =2 FAs M) M vl =
P8 RAEN 25 4H% B9 ohg3k o] BEate).
E A
W=27,000 dwt Vis=V0=360 n-m/day
K,=19 m$§ D ,5=5,000 n-m
n=18 years a,=10,000 §
N,,=30 crew members 7::=0.04 %
a;=150 § /ton 7m=0.04 %
¢.,=50 tons/day L,=365 days
7,=0.12 % b;=20 § /ton

X G-5= +H,
S,=4140808.92 ¢
X (5-10)2 ¥ H,

P y=16. 142—0. 451(13. 894 Tk T) -+vvveerveervvresumaneiearieeaseearseeenseeaseeans (5-11)

P =16, 142—0. 451 (13. 89T ,) ++vvveervvvremsumreeiiuieeaniurnenaneresnreeesnnseesennns (5-12)
iﬁ‘;%PSIE"E%FEﬁ“’— BET M REARMC] 20H 2l ¢ 59%clx, WEEYE MAEMLSL
0.86§olct. XG-1DESH faMe] B2 21902 HESL o, MM MEpEe S8
21.99 & %317“ S AlS M-S EMSE & k] BAEYTE Aol

el S MANEAHE Aot A wAb Hoju ARl —&sldn ¥ o, ulY B =
€ BEE T oL Bl MMAEER He) BAEEY B4y fwstn, 2302 EHild
HPAIRERC] 20H A 25H2 Solktcky skl R(G-NE S8 vhEah o] MMM EHMko]
A=
1) T,=T,+7T,=20 days($=59%)
P,,=0.25 m- $ /year
i) T,=T,+T,=25 days(p=64.3%)
P,=—0.35 m- § /year



MR A =99 el BN B 179

: o iAol A kel #Afle) AEEE TRl

o) Al el W] 2 MRS FEOE SO

, Eiea s o« mw sk AEIER] S
b : olcb & 7iEialE (Opportunity Cost)-- 0.25

—(—0.35)=0.60m- $eletiz i & F
eh BLfeel A b 4 gl wbel ol R
BEEIE-S fREIe] MEEURel  BEE R
weloohulzh APl ERe sl AR 21
il JEMo| pREmyel MEH - AFFICl T BTG
EEL 53 glvh MPLEES MAES
she) HET 94 o sl sl B T
T2 w2z ¥z XG0T FAstd 24

S TerR0yS =N y// _ ;
| ) Folol WS Sol AT WER KG-1DH
Fig.5-1. Ship operating profits in relation to port . ) B
delay with service time as a parameter. Zrou], {3 5-1yell AR ¥ i

MR GE el BB e alth

L | 3802 ___ )= L~ -
#1389+ T+ T 13.89+ T+ T vy

S (5-13y0. ] Py Aelv] Ansie] —A Sl MUY AREIT) Mnel  JULTIR

P 4. 44--(5-13)

b A el A0l EERBg e R NG zﬁsn&-ﬁaai Bk SRS oW im0
Sfealsl Slstel, MR SUEAURE S BIZ kel Al wareh sebd fifel HVSEREY
wl gel MEKE S B Rl 2ol ohdth Ié‘ﬁ%ﬂii‘fﬂjil By flgad e AR
Gl FE ek ohuel ok BIBREL A= el o hek ARG vlalth cish ol B
o fadrh Al A RS WA ez F Rl ok w2 el
efup el sieh wbebAl. elelr SEBel i Aoiul 2 EpEEhe o s sk A aE EeHT

grincl ebelal w el gkslE RS Aol bhvh slES

- gpral ok Ehoh,

i u0lR ) AN e SCHR RIS SO
WA e v RN T e abh el e
ki ORIt St T el B 1 A B <Gt R SRS LS LI A T
JUE B gl ATl v ekl b MDD AR A “

e 75 L Jai % AR B BT ek k §2 o] B A A

o] e, obele] A WERIDEERS S K WAL Mk BB A kel




180 HEGHE AR KBE RNk B5 8

port
fime

Wl zcmiEese]) MEE BAdAY  REE
# (Throughput, #REsl FFEK), HpyelA
£ S FHRERMS slebe et(Parameter)
2 3l ®afT 4 glow, 1 —Ri Kt
L (a9 5-2)9 g T(@sh 2t

Hge BT $4 HmpdAde M
EiEEe] =g « I fEEt e REBAA H
gzo] fadfo]l BIES] ReMNoR MITTHRT
#BZ Jebz gk ey EiEe] selvt
MRS Bl veldwl M BEsEsis dod H=R HEE R 2R el A 8 T
FERE] ToluA Hx, 1 REEE ¢%(2¥ 5-2)7kx A&Ash il T R EHES
o Loz BERE TUNT st E A2mY EEeS(Capacity)el £ REI o=z, 28
g HEE Azdpel A piEEs OS5 mEl SR g EERe v BERRS ¢LTE K
LA Aoke AL B F Sirh

fufo] MMe] BT LIBE R4S 2T XU FED R A NS R B W
3 B&or ook, webs s (Ship’s time) S EEE st FHsIR time-coste] B T(P
= flow-costs] Bk C(= #B#AA F7 QL= ul, (¥ 5-3ell o] BHKE 2 Dlpe & &
BROEEREE =t FER) A BENL #E
iR st F A28 HAE B A&
ERmA dhfgolth. BI, Al&RY AMewl& f
ol AAESIA Y Mffe] @EEsled Aolul&
Fuc HmEiEe o B A, odx T HRE
FAT 4 vz BEY HEY FREE 44T
ohm FARAY & o FIARS wobd Aoz

7(q)

t
|
'
'
1
'
I
!
1
'
1
1
1
]
|
1
'
]
'
:
L

q flow

Fig.5-2. Port time in relation to flow.

REZ FIEBA Zoxl= FIARE o3 A
g 3 e v clme —H BRREC AXDR— LKL
Fig.5-3. Costs in relation to flow. C(S D(g)8 7rEEel A o] FoiA Aoltk. o] 78

B ro 2] A Aol 2fFEe FEstust st EAEY Bt Baioiels LW FER
Aol ol BES 71AA $E YEREB—olHT R Ae SBER WA A BES
27 greri—oln® Mol EEE s %1 #@ET RAEREH(Capacity) Tel A EES #Bel
EE - FHEIT o] Fo Ath

Blboz ¥} @@k Sl ohE AEeel ERe drhw b, faffic]l 144 g oo Bl A
o EEHAS Jdsie o8 Held B4 BAL drtd Eive sHE vebd e iREr BRA
BAS EEBERAS Sadd i CMCE Jebd + 3, BER oo HaA itgr RFRAS
OMC., i@ty BAFRS OC.2 vt webd FAE AMolu] kT BBERA Lol &



RO-1)3= D(@st CMCR #e] =] 1=

JHFT e

HERR A29g e BEE BE

AR e gel U

jﬁoq (D(2)—C(z)-z dz

LA ket @R el Aol

abat oo

‘?f E‘: M;
¢ el
vl

HRECBER

(o]

ul} &)

bl

W1 G-11) 8] = D(@)st

mEL 1, &8RELE T

P
bl = ol

................................................... (5-11

- FHshaah sk M
fep Rijes Ll <

LIS A RSN} - EX

v] &5 ek iR
CMCsy 72xh

RVl A AR TRA Aol ST UG skt M §
LS e v] 4TRel A 43HTEE nlsl e PoissonZ|iE, Erlang/&]o—} wl 2

8 I 4 3 '/:},’

2o1Sh el Fleel weka) 4
B TS 2% Quo) #ighel 2h shADel EaiA

Al
» HIfsulas BAES] MBS R(G-15)2k Ik

vl 5

Wk Stel

ACQy) AQ  x

e

0

T ol e E e Bt ELELT

O'] PJ]“'_ r'tﬂ}to' E} [)’I /}itv-

il
en{pN)

II’”(]»’: A,(

I—p) " D1 (0N

i A o] e A

Hi42]

a¥ /N 3

o+ (14 )02

LA K] gleb

151

SHCEIEREIS] BCE P b

AN
NERQ\. 1945 A% ... (5-13
+ -1 A" A 1 A 7
IV!/AN 70 7'1!/;" [\//b -0 !/1,"
CO7F dgig2 (s hol pk I #E T i
by BUARR A,
(5-18)

Ml Ststel syt

AN T Na—\

Nar-t AN N-1
N <*—'—n+

1 =1 + Z
(‘7‘2 7 17\/6 yn ?Z!/b

1\//6 noQ

STnlE Npsonlp’

AQ
(Np—\)* Sl

AN LT MY N S
> ]\llu'vl [\"/.6 70 H![.bn

N &=L ot )1
i J

2

< VY N1 N7 - \

N-1 A
)

mv+ 70 >n[/5" 7\"/4; T 77717!;;"
Y
Y= N
/\.N N-1 X” X N-1 /\v"
Nig + vt T\T’F;n!p"

R(G-16)el A A wisf HL

RIGHEH, ¢

1=

2 FHS BB ey MRS




182 GRS AR KB RICE B E

Qos, o e wMel AT Bl MmaR, Fiem BARME 2F MMTE AL wel
15

BLES) Al A MOl B MaEsl MAIMA AS ehn Feol AHTslE o, KK BR
BAE MHsh] BaAE M R Quol AT MET BET Tkl 2 &AL BT
RS RE L QH

HOK

6. & i

& Bol AL EEMEEEES shle) Aowoz mEsty, BSL Risy ¥EsE dd ®
B BES vAL BMEEEZ FE 9 AR, 000 SWEED Ehd RAsSE M0 &
HESINS BTV ARG BRI MM MM B Bl Ak PES SLES M ol
SEaeh, EmEel QelA) BAEERE FE Pt BESEERSS SETAERS BAN
o st o, EUNS BT uEstdn, S4¢ BMERAR QEES WS A
#alith. LS BAKRES s |

D Eme Mol d MEAA e BILES —REES Tl UBEE o TAL HASE
BrAsRoz ELE T 4 g0,

i) — g, o] M 55 MY B S Poisson el whEx, MEHAeiws M
Erlang/yfiel w2 A& MRS

i) e WA sk DD FERE FH EUEM A0 THEERES W=

L O o2 UL & 4 U

V) MR A e AT SR, MGG RIS RME whE MG MUK
Rl REAKOE BB vAhE A4 HEsA

V) AR A e BTN S R, SLEme sl HT mAsEEs idawn
BREAS LMK MES KXoz REshg

HS) EPEIES A A el E EE 9AX T T whE BEA A RS %
BHe KM, NEMESS BAEENE, WANNE AScEg EE 2 FREIAY ME
M3 2o od MESH HAKCD WM BAsnz, doz ot MESE $ET KREY
Fgeot ol Tol=lck ¥ A o= EEc

oz & Bydld RAT A4 WHES BT Fshe HAATA 2 o ABH R
g Qe FEDt

2 £ X ®

1) J.Imakita: A Techno~Economic Analysis of the Port Transportation System, Saxon house, p.1,
1977.



23

AR A 299 Sl BY B 183

A - AR BT AEL.  HRHEGIURRE, B0 pp. S3~62, 19T

2y Morse, P.M: Queues, Inventories and Maintenance, Jolm Wiley & Sons. Inc., New York.

—

—_
3

1038,
Saaty, T.L: Mathematical Methods of Operations Research. McGraw-Hill Book Co.. Inc..
New York, p.361, 1959.

i Gulf Publishing Company: Port Engineering per brum. Book Publishing Division, Houston,

pp. 245255, 1976,

A AR, (R, 414 pp. 40~47, 1081

+ Saaty. T.L:Elements of Queueing Theory, McGraw-Hill Book Co., Inc New, York, 1961.

v Hillier. F.S. and Licrberman, G.J.: Introduction to Operations Research, Holden-day, Inc..

San Francisco, pp.400~449, 1980.

'y Borins. S.F.:Pricing Policy and the Optimum timing of Transport Investments, Journal of

Trasport Economic & Policy, Vol. No.2, May, 1981.

) Dan Shieerson: Investment in Port Systems, Journal of Transport Economics & Policy. Vol.

No.3, Sep.. 1981.

P.1. Collier: Simulation as an aid to the study of a Port as a System., the 3rd International

Symposium on Ship Operation Automation, 1979.

J.H. Jones. W.R.Blunden: Ship turn-around time at the Port of Bang-kok. ASCE. Journal of

the Waterways and Harbours Divisions 94 (WW 2), 135-48, 1068.

TR RS - AT b BEO BBl TS BEL. HARBIRRE AU, FI6TER, 8)], 19382,
110 WP~ Zelfaii o £8Pk BEJT, BRI G UIE, H4TER, 10]], 1970

© LYON ASSOCIATES INC. : U s BB A, YRR 1981,

S BOEHY - BET ] e BT BRI, WESTIAGES. MOuk. 1982,
<) A TREER. 0 HUKED, 28 pp.1~95, 1981

BRI FOMIE LT, 1 EEE. A%, pp.352~379, 1980.

Sk CEREEE, AT IBGE, A5, 1981

Gk - WHARED T HRTEBAOLHR, ik, A%, pp.597~634, 1981

FUM A ¢ I MEN R BRI, S8R 1J3, 19824




184

wHe] Wt BT MR

H & B

A Study on the Tidal Characteristics
of the Nakdongpo Estuary

Jun Sunghang

Abstract
1. e
2. WG Bim
2.1 AT
2.2 F/RIFK
2.3 FAsre FE
3. AR FHk
3.1 G.H. Darwindl] 3% W FMoH HiE
4. By B WEBRER S
4.1 BRER
4.2 Wy RS
4.3 7] ot W Bl =& 7L
4.4 Fr D FEERS S
4.4.1 B FEHE
4.4.2 WS BALRSS HH
4.4.3 WES] HNRG i

5. # A
BEI
C i

.......................................
.....................................................................................



