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An Analysis of the Port Transportation System
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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 that 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 Poisson 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,
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W.— 4 ex(o-N)
‘ Ml=p) Dy_1(p-N)

where, A: mean arrival rate

4. mean servicing rate

N: number of servicing channel
p: utilization rate O /Np)

ey: the Poisson function

Dy_y: a fuction of the cumulative 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 variaticn in
port time is examined, and for the purpose of a future development for port pricing
service the marginal cost is approximately calculated on the basis of queueing thecry.
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Fig.3-2. Structures of Queueing Model. Fig.3-4. A complex model of Single-
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Fig.3-3. A model of Multi-channel-Single-phase.
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Tabie 4-1. Distribution of times between

Table 4-2. Dirtribution of times between

arrival of successive vessels arrival of successive vessels
(General piers). (Container pier).
! (i‘% ;\{)751 ﬂ(i)ﬁL— “F-?i/%)ﬁ:—II f1=0.89 e*s-;T A ls‘l a1 ‘i‘-l-‘f-&io—“i‘:il = -E
ds % ¢ =0. 41 zb A G ! fi=1.02¢
0~ 0.00 203 100. 00 100.00 0~ 1.99 93 100.00 102.C0
1~ 1.99 143 77.29, 74.33 2~ 3.99 67 80. 0¢ 82.20
2~~ 2.99 88 61. 30 62.08 4~ 5.99 59 65. 74, €6.41
3~ 3.99 72 51.45 51.85 6~ 7.99 40 53.10 52,80
4~ 4,99 74 43.40 43. 31 8~ 9.99 38 44.54 42.24
5~ 5.99 58 35.12 36.17 10~11.99 35 36. 40 24.89
6~ 6.99 51 28. 64| 30.21 12~13.99 28 28.91 28.15
7~ 7.99 34 22.93 25.23 14~15, 99 19 22.91 22.72
8~ 8.99 31 19.13 21.07 16~17.99 19 18.84 18.23
9~ 9.99 18 15. 66| 17.60 18~19.99 17 14.78 14.79
10~10. 99 17 13. €5 14.70 20~21.99 13 11.13 11.¢3
11~11.99 15 11. 74 12.28 22~23.99 15 8.35 2.€3
12~12.99 14 10. 07| 10.25 24~25.99 6 5.14 7.77
13~13.99 15 8. 50 8.56 26~27.99 1 3.85 6.27
14~14.99 10 6. 82 7.15 28~29.99 8 3.64 £.08
15~15. 99 7 5.71 5.97 30~31.99 4 1.93 4.08
16~16.99 7 4.92 4.99 32~33.99 1 1.07 3.29
17~17.99 7 4.14 4.17 34~-35.99 1 0.86 2.65
18~18.99 7 3. 36 3.48 36~37.99 1 0.64 2.15
19~19.99 3 2.57 2.91 38~39.99 0 0.43 1.73
20~20.99 4 2.24 2.43 40~41. 99 2 0.43 1.40
21~21.99 1 1.7¢ 2.03 41.990) 2} 0 '0 1.13
22~22.99 2 1.68 1.69
23~23.99 3 1.45 1.41
2424, 99 1 L12 1.18 e- 55— 1.02 - 5im-gon, (413 (&
25~25.99 2 1.01 0.99 4-2)¢] Percentage® RF{{L3led Bl AA
26~26.99 0| o078 0.82 o MBIl MY RESE Hhwd B
27~27.99 3 0.78 0.69 BB Aol o 4 g (Curve Fitting) & »
28~28.99 2 0.45 0.57 W, &4 BEE 263 206) B4 X2=28.15<
29~29.99 o 0-48 38.95} X2=21.74<31. 4124 # 95% ¢ (EHm
30~30.99 1 €. 11 0.40 2 uod. (29 4-2, 4-3 $z)
30. 690} 4} 0 0
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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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A RET 71 e

4.2 MERAMO{H] ABEM 2 ST

& HES MENEHRS HEE <3 HBHERY BHE SUHEEESE RHERS
B.C.T.O.Cx Xy ##s19x, 1982. 1.13¢ 1982. 6. 3071 KL% & R HET & 1,361
#£9 oz HMstdrh. —BBES Tol VBRI 2T BEMNTE Rt 108 BRo=
AFS fEtda, T BRE (R 4-3) 2 K 4O 2ok BEAA BAT £ RS FER
M-S —MEEESL 29. 39ER, ool M 11.88mEMC] 3L Ak &4 25.38, 11.508:e] git.
BEEA o] v] 2 Bl H s Erlangf el w&che ¢ BEsIA T, o #9 M —fEEt K
=3, Eslo]BEE K=42 ELUtE 5 3igivh. Morse P. M.92 20Bifyel #3 o45o FHT5
e ®astn dE dl, o AFAEkel wel AHTEE (E 4-5 B (R 463k B MRE L+
o (H 4-5)9} (& 4—6)ol Ao MEESS BELAS VioRMe K 1/104 20%53td
wEs EEESG T RRoHBE /1086 WEes HEIA
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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,

H 7 A (HD) AL A AT 5 o 7% 4 (" ) Aurel o 7|7} kAl g A5

0 3

5 n 0 101
" 22 1 63
g ?2 2 12
: 5 3 | 3

|

9 5

10 0 4 2
11 1

110] 4 0 4 o4 0
2 | 181 3 181

Ancher® zhobs] ShiEHE Wk BEZIZLA o BEMIS BERMICE stgrh (& 4-99 (& 4-10)
& —fEEES} Eelo] UMEe] BAEREY A4S Bolx v u, ££9 KR 804%, 468%d
Bl Gl A9 BIEEY  EHEE &4 30.578:AE, 6.85m:fo)l Avt. &= Mol SEIME
WA BIEe ey 7R ARl FERE-S K8 1,3624 e 0.86RATcl Slo 2 fiffie] Aol E
et Aolu| 25 WA o P BERMS —BEE 3 el UM &4 31.43mH, 771k

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

A D | T | areAacn [ 5T [ awedacn | 5T [ aredcn | G
0~ 1.9 | 24 36~ 37.99 | 24 72~ 73.99 5 108~109. 99 1
2~ 3.99 | 47 38~ 39.99 | 20 74~ 75.99 2 110~111.99 1
4~ 5.99 | 42 40~ 41.99 | 29 76~ 77.99 2 112~113.99 1
€~ 7.99 | 43 42~ 43.99 | 16 78~ 79.99 1 114~115.99 1
8~ .99 | 50 44~ 45.99 | 19 80~ 81.99 4 116~117.99 0
10~11.99 | 42 46~ 47.99 | 21 82~ 83.09 0 118~119. 99 0
12~13.99 | 33 48~ 49.99 | a1 84~ 85.99 0 120~121. 99 1
14~15.99 | 32 50~ 5199 | 12 86~ 87.99 2 122~123.99 1
16~17.99 | 3 52~ 53.99 6 88~ 89.99 2 U J_— 9
18~19.99 | 20 54~ 55.99 7 90~ ©1.99 6 : :
20~21.99 | 27 56~ 57.99 6 92~ 93.99 2 160~161.99 !
22~23.99 | 53 58~ 59.99 5 94~ 95.99 5 162~163.99 !
24~25.99 | 41 60~ 61.99 4 96~ 97.99 1 164~165.99 !
26~27.99 | 24 | 62~ 63.99 | 14 98~ 99.99 L 166--167.99 !
28~20.99 | 10 64~ 65.99 | 19 [ 100~101.99 1| 232<233.90 1
30~31.99 | 19 66~ 67.99 8 | 102~103.9¢ 0 233.99¢] 44 0
32~33.99 | 24 68~ 69.99 | 11 || 104~105.99 0
24~85.99 | 14 70~ 71.99 | 15 | 106~107.99 0
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Table 4-10. Distribution of the elapsed time per ship at the anchorage (container pier).

AR | T 1| v | 35T [ A [ L5 T [ | BT
0~ 1.99 303 ' 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--123.99 1
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 o4t 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

44 BEALAEL] A7

LN = 1OREEIEE w4, 2, hk, 3,4,5,6,7,88F7 Slev]l BHAK Rels 6BHE
Bz o Qolon, SEEFE HEABE nE Ml BRAAIZ 1982, 1. 1x¥] 1982, 6. 30
Aol FreHs PHEY HED & HBEY SEAERE G4-1D3 2o EE o BES 1
N —REFEE w248 HEso] FE-ESdD o —KEE feld A HERC] ¥ BH
= 4mFe et (EA—11el A i ule}l o] hRBEE HAFX 7 w2d o Hiie: AE

HEet BEFHIHE A el =

Table 4-11. Frequence of occupancy of

individual piers. 3 THEEE BR, TR 2 FA9 2E BER

el = D e T2 WEEHE HEEEol ] = Bl B o
1 196 2 Bl AolA WEw HHE Yatch

ép 12; SEEshel A R el el ®MFAH U A,

3 192 FCFS Fijel ksl Aoiw| 2% wEote BE

4 297 o, BT SOEE BRASIT B Adel ¥

; - o REED g ol ZE BEITH 209

Py -~ BB RET 4 A TR BUKS 2

e L So] HEAREY BES Zve SER
[ 4] 2% (Multi-Channel System)olgl % 4 gloo 2, A —KEHFe Lol o] RIS + Ky
o8 Vb EEAEETEIA A o2 SEAEst TS fTetleh <E4-1DA et Qe & HER
o LHHHS AL oA A= Weuc o grh. 2 e HES BRE -2 e 5
A ol HEEEsMe] mEkslel R WAV dHsb B 9 sEA el 2 =Rl aHrel A
A e ot Fo] S9th e, oled FAET RS Ky EWRY FEol=m= Kol &
#rel & Ao BEE nx]=] ok

4-5 JAMTHNER BA
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o] BHEME A BHMES HEN 2 o FLUMCE oF & o] gu g AL ¢ =
e,

oH D
(B 2ol & Poisson £759) K] MM B Erlang 9 Aol 29 B SERMN
Al&wel Biste] TS, (OH DAL B BEAFEY HES Holuart —E(K=00)
T 58S 2Rl st T 2ab BUEE 44 (1Y 4-6)3 e SBEENAY WA
BeEstd ohga Zo| BERME *T F At

pN,e(l—P)N ] . (1_01\’—1)
(1—p)- V22N [#-(1—0)-(N+1)-(1—p”) ]

1) —fxsgg - W,=41.34 BEig/%
i) Zelol Mg : W=4.35 mefill/ %

BofEe LES & oo Zelolu ST ke RS Uxw 2dAE ol o HAL W
BeA st glovt, —BEEHE oleldt Y RES ¥ 4+ drbe ALE vepda v a2y
o] =l Zulol VBRI o] Aol AT BT o TN Hojul AMS —wstA BT 4+
e RS A Al e 2 HAES S B¢ AoR Ao MK Tl
BTl B Egol sHelw AR

Blbez F5 B —REE 6} Tolol R 28R £& 2EEINAN 2 BED
RBTFIZRE SELMET + e AL dkeh

TLE B glolA, BEERC K Rt MABERE 29 RillEe 498 2A e
o ged, 2 BHEe 2] BERRSD AR ¥ BETH . &2 L MEN) e Aoz
i

WIHU=[

il

°. HMEBRC| ¥

5.1 #HE®z RS fafacl & Mol EHKAE 0iXl= BB

finfiio] ¥MpIol 4 BT o 24 FAst: EHRMY Btk BAe M AR BEMIT 4
Ao, ol MM BHAL BMER ¥ WHEY R @Boe EHAA 2 A At @EY
LS BAS vt 29 oy EERC 22 BEX 32 AL ohvdh. siusld BEE, #HiF
B, BAMENA L MERY LRY £ gl A Eolth. MM Tt AE A4 Biste BY
o ERHEE BBl e o o9 Bl sl o] M Foiel WEREHET MEAA =
< REBRE AR € HBE o, Bk, B8, BE 8% SRE oS #ASA @ 2
el she] EEEARC] HAFA E@stx stz W 7] 3 ¥ -§(Opportunity Cost)o| sl =&
dl, ol ANl FEHT BT BT Ao HET MK B R HEBER =
BRERER A el BERShe WMERALT T Mol EXd FTAslE dsle Mol BAS XZHE
Al shedelm 4] fifrel = vhabzbA| ol vh. ey ol WAl mikEE BAL AE 2 MEEY T&e



BEEE 2299 SHTel B B 25
FashA S=, MieE e =S e MAEE AR Atk oF FRY AN @& E
Halod el HMpclA Bl H= EWEE SRR =t BRRA B2 BL #Ke o
& /n# fi(Surcharge) & %#s FE2 ERsA H& o, ol g Hikel A A HEilldl & FAR] ®
#sl o Wl EEY ERS ksl #ET AR QEede BRAA T Stk
Befite) AEMpel A EEERT Wlo] MANERE BESY Boete MEY o6 HE2: FEMEE £

Afmoz As By Sshd MEY HERA 2Ue REstd Sl E ek RMd HEEL
2Xy HgEom ®Bye AT sH4 WY % ZpREE Endcts fEstt. 2e B =
T3 2ol HEE EHEIC

W gl =27](dwt)

K, : el BEAECS)

n: iR el (EAER (year)

Vi : #i#(n-m/day)

Dp: A} BiAbol o] [H i BEME(n-m)

a.: B ¥ At EHESH(§ /year)

Ne..: B9 A%

as: PRFHE($ /ton)

Gep: AR KHMBE Vool 49 317 ML & (tons/day)

b : ol A 4 ¥ R RHTERE] K

Tyt Al A THEI KA

Ty : Bisoll 4 JH#TL Refil

by EEE($ /ton)

7o : FIFH(%/year)

?is: fREEE (% /year)

Ta: HEFFER B I EF R

L,: £/ BBHHM

Egiste o 22 ¢ +8 Tt sk

Mol A AT MR T
Tp=Tp1+Tp2 ........................................................................... (5-2)
Thzt Tpe
Tp=Ty+Tun
Tpe=Te+ Tz
why, Tt Aol A Aolul £ b2 KRG
Ty : Bl A Aol & w2 KM
— 925 —
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]ﬂ 919 ATl b gadde] JHa HEeialol

(S foon) DA HEA Y& RS FEOE SHZ o
l.Oj\ BN A, 1= Hetd BMERC Mits)

9.9 \\\ - ook & 7] 3] ¢ -&(Opportunity Cost)-& 0.25

o j\ N s —(03)=060m-$elBE RE % % 9
0-54 "\ SN[ T Brsws B LlbelA] o 4 e wkeh 2ol el

=7 cays

5 -BcYs BPGRIES Mo EATKEY BES A
s 2ab ohel BPGEES HEol S Mo
W HMe) fEXRP EE - WHA T EE
T EEE Ao vk BPGEES  fiE Y
\ o] BHFRE oS o BHEEs sty B T,
T w2 Fiu KG-9DF FAMsd 9
= 5 Yo + uEd 5-11
Fig.5-1. Ship operating profits in relation to port R B 1 & A =t
delay with service time as a parameter. 7o, (29 5-1)o] FEHREIS ko] wl&
AT L HHE B}

_ 197.1 ~2 < 38.02 159. 08
13,89+ T+ T, 13.89+T,+T., 13.894-T,+T,

R G-1Doztel iy Aolu 2mMe] —Ed Hil, EHKRS EREM) Mind KA}
‘}E‘ o} &

P,

+4. 44): —4.44...(5-13)

52 BBIBBHRY BARA

S Ml e Aol o) EEHR o NI EHEEINS) BNV EAKIE oY BEL na
vhE WAsh] sk, BES ABRATES M B 4W vy 2y Be) AREES
R MAES EATECEC R BB RAlE Zle] ohiel, BRI BAS HEANCD  AEwE
B HH ek ohdeh 29 B Aaw SR E Acisl B 9lald. oo 2o M
AL ALZTE Aolvl£ RE HHEAL 224 Y +8 3o, o2 E Holu ~ARMEE
oAutAl ek webad, ol & Sl Aelvl A Bitsts o) T BH3 dojul 25 wlog
ffiol ZivkelAl 2 =] BT BA G0l BV HEE KA HEE s ok st

L2l B AmPe] ZCH\RBEMEE BT MRS BT BREK 2 A8 JFeeRry
EBREBE We) w2 HAS Fol $tvh. 223, Pigou®s| REM#AS %o 2 3 Rk B
i RS —Rmel MEZE T vl @ARA fou, BEEE ¥ msEsd Y oo
Afle Bl= Qe BiEeleh whebA oleld Hpke WBLKLl ¥ ABEHRINEYD MAs: A H
Hiel BMEH 3 EE] S K Ao YRl

R e L2 3 ABETs B MES ash=nt B 92 BN Y mmEse KK
o] gleme, obefell A MBAEIEES BB KT EES ME L REAAY 48] 2,

— 98 —

e
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HEB e MEs Bl Ao ManiE
& (Throughput, BE} BFER), kel Ao
£ HAne EHFTERM-S shebe e} (Parcmeter)
2 et mualfbd F o, a1~ fEE
& (29 5-2)9 s Tk Zreh

fhif el RBFEE o> AMael A kel
Wmige)l A& = B #gErt ol REAAM A
HEo) fitffol RS MR RITIIRETH
8BS vrebd L gleh. ey afieRe] Srelvt
MATHERT S BEel viehsl M- MENEHSIA $od qkslnE EBIERA YR
FRERMC) FolvhAl Sz, 2218 Rige ¢*(2¥ 5-2)7tx ALAcel difg T(@2 3l @aTs
Lo boR BARE Fuvr st E A2y RAKH(Capacity)d &= B lom R, 2o
RS A2 el A MAEEC o S BmstAl = BERe BEF W HREKE ¢LTE MW
PEHA et A Bl Fa gl

ffro] ol E[FESr DIAE st T ol A=l BRI AT MANS] ZEREERRU-S BTN W
B3t BGRZE leh whebA wefg(Ship’s time) S EfME @iistd FEEs time-coste] B T(q)
5 flow-coste] AR C(= B F7+ Sl o, (¥ 5-3Doll o] KRS 2aleh. D(@= 4 i
BREERE T HER dl A B

port
rime

7(G)

B T R

flow

Q

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

Cost

O D HEZ st F A20 AL BaAAE «xd
RS el I, Aol AMolwl &~
#el FFsrstAg Mffo] Wikstel Aol¥ £
sl T ok AEIEel o e o, ol ¥ RS
Cef------- D@ AT & deha MEe S8 BPES 44
c o el FAZUHC]l %2 o AUIH wobd zelx
: FHE FBRIEe) wobdw P Fobi 2

” .

g G flow olm® —Al RAEMl #AxE— HEEs
Fig.5-3. Costs in relation to flow. C(S} D(q)9] #2BEN A o) Fo] A Aol ] 28
e do R WA Ao i@ e Al st LHES Bt Belulel T Alsm (1 it
ol = obF-ul BB 7142 gk Rk —ol ol e MBI At BBILLA Aol As BEHe
AR gerh—olme el i 4rA BT @YY RAREH(Capacity) Tl A HHs ii#e
S - AL o] Fo] A
B2 36 @ik Aol e Ammel ERel flehn ahw, o]l 1Y S @l o BEyel A
o) WEHIR sty 22 Wb BActe AL dvhvd solve R Vb & e B
BAS WRAME A4 Wik CMCR vebd <+ glu, @iEE o0 #HalA itaw BRyE%me
OMC., i@ty BARNS OC.2 ek, webd B Aolu] AW TFolA % 2ol 2
— 929 —
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