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ABSTRACT

As port transport system consists of subsystems such as navigation system, cargo
handling system, storage system, inland transport system, and Management and
Information system, the poductivity of this system is determined by the minimum level of
subsystem.

From the viewpoint of elaborating the efficiency of integrated system, it is
valuable to determine the optimal level of harbour tug boat which is the most
important factor of navigation system.

This paper treats the optimal amount of harbour tug boat by simulation, and
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applied to Pusan port.

In the course of simulation, an emperical formula is introduced for determining the
Horse Power (HP) of tug boat by the ship’s gross tonnage (G/T) refering to the cases of
various ports of other countries, that is ;

Y =9.96 X°¢+569
X : The gross tonnage of vessel (G/T).
Y : The Horse Power (HP) of tug boat
The results of the simulation are summarized as follows ;

1) In 1987, three or four low-powered harbour tug boats, five mid-powered harbour
tug boats and four high-powered harbour tug boats are necessary in the mean level.
But, five or seven low-powered harbour tug boats, ten mid-powered harbour tug boats
and eight high-powered harbour tug boats are necessary lest delay should occur at all.
2) In 1992, three or four low-powered harbour tug boats, six mid-powered harbour tug
boats and seven high-powered harbour tug boats are estimated and be necessary in the

mean level.
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ofol wet FAGL A FEA B Ry RF@Jel] Wi (Table 3—2) o 2ol Hfy WA

(Table 3-2) Criteria of tug boat allocation (PUSAN PORT)

Gross Tonnage Class of tugboat Number of tug boat
(G/T) (B H P)

less than 5,000 1,500 Low 1

5,000~ 10,000 3,000- 4,000 Low 1, Mid 1

10,000- 20,000 3.000- 5,000 Mid 2,

20,000~ 40,000 5,000- 6,400 High 2

40,000- 70,000 6,500- 8,900 High 2, Mid 1

70,000-100,000 9,000-12,100 High 3, Mid 1

100,000 and over 12,500 and over High 4

t}, Low : Low Powered tug boat (less than 1,500 BHP)
Mid : Mid. Powered tug boat (1,500~2,500 BHP)
Higg : High Powered tug boat (2,500 BHP and over)
(2) Europe 3709 Ay A %6
1987'd IAPHo 4] %713 Report on Trends in Ships Characteristics’ Developmentel 2]
stwl London# 3t Rotterdamdl-2 918k Aute] 2ol olAle] Hezks xHsHA sHojgx
Southampton® & FE4(G/T)2 B8 o4 HFE5 A A sHoigleh, F o TAA2Z

dde g A=st AAHA = A F7 7|F o F 2yl (Table 3—3) 7 7,
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(Table 3-3) Criteria of tugboat allocation n*

Deadweight

tonnage

(DWT)

25,000 to 30,000
45,000 to 60,000
80,000 to 120,000
120,000 to 160,000

160,000 to 200,000

250,000

300,000

400,000

550,000

Towage-strenght required

DUNKIRK NANTES-ST-NAZAIRE LE HAVER

power (t) number power (t) number power (t) nume—r
60 t 2 40 t 2 60t 2
80 to 90 t 3 60t 2 to 3 80t 3
90 to 110t | 3to 4 | 80t to 90t 4 100t 4
110 t 4 100 ¢ 4 100 t 4
110t0120 t 4 120t 4 100t |4tob
140 t 5 120t 5 120t (4tob
140 t 5to 6 150 t 6 135t |4106
155¢ 6

180t 6

(1)* COMMITTEE ON PORT SAFETY, ENVIRONMENT AND CONSTRUCTION.
IAPH REPORT ON TRENDS IN SHIP CHARACTERISTICS’ DEVELOP-MENTS.

D. 4, 1987.
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51,190 16,800 4,200 4,200
66,600 18,400 4,600 4,200
78,900 20,700 5,175 6,500
85,700 20,700 5,175 6,500
90,000 19,000 4,750 6,500
103,500 23,000 5,750 6,500
119,300 27,600 6,900 6,500
143,396 27,000 6,750 6,500
160,460 30,900 7,720 7,600
200,000 36,000 9,000 10, 000

5) KOBEgtoll A RS v &AL v A 7|58 2 (Table 3—7) 3 7},

(Table 3-7) Criteria of tug boat allocation (KOBE PORT)

Gross Tonnage Number of tug boat Total Horse Power
(G/T) (HP X Number) (HP)
1,000~ 2,000 500X1 500
2,000~ 3,000 1,000x1 1,000
3,000~ 5,000 1,000X1+500+1 1,500
5,000~ 7,000 1,500~2,000X1+1,000X1 2,500~ 3,000
7,000~ 8,000 1,500~ 2,000X1+1,000X1 2,500~3,000
8,000~10,000 ' 2,000X2 4,000
12,500 Mariner type 2,000X2 4,000

PlEol Al ¥ol zb3o 97h=] dmft #FH ##S 2E4(G/T)E HHEd BEE el
= (Table 3—8) 3 #rc},
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I, @ PUSAN PORT,
® KMPA(ZH=E#-&-atA)
® Calculated HP of tug boat [|LE#&k—IX]
@ HARH LW & ik (0B 354 BE)
® Required HP of tug boat [1L8i{k—X]
® DUNKIRK PORT
@ NATES-ST-NAZAIRE PORT
LE HAVRE PORT
® KOBE PORT
(Table 3—8)% wdlolElz 3lod EE4H(G/T)oll @& WME &MEHS RES7] 91351
EFES9 Ao WE RHEEHY B#ESE o] BEFELRZ AEAE st
o R,
Y =9, 96X%¢ +569
(3714, X:FEF(G/T), Y: LE Afr EHE(HP), 3,000= X =100,000)°] Hiis]
o

o] EBROZ FESO HE LE AMENE FHEI
3.2 RMBRBR REFE

BIEHIES H48S pmslr] detode amAdolu A% LER v Rabel ARFEEEE R
R, mARS £33z, A AArel Bt % LEY dolelsl £3 EAslolef stedl, d
olel BAolM 712 Fod AL MEEHAEMMNECY BRFZ Sortingslo AAV AR
B RMNE o mAGE B B4 FAEZE Ho] glojok

s e MM E o] BRI Z Sortingslo] 3lE Holeld: #HAHYE Avv AVl 22
ol ulz} Sorting® dlolEtE a2 Ll Eol AFaloldE AAstd LT AMBURE R
EE 4 i, AVAIEEEER RN 2 HAE A B4l FAHELE Eof e dlolEE

& 7A%E FHEL wE 4 (Random Number) & BAEAIA Al Falolde A4l

L AR BRI Sorting® dlolEtE fEMslel Agdel et Hikg A
A ghe,
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<Fig. 3-1> Flow of Simulation Process
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H o4& #ZhdeEoe @8 B
A3 2A-d e el AdFn 74 Aubw-g Ak 7 $o A gslo] ¥rlg g
4.1 o|olElS] 47

(1) #fael A HEHC87, i)

1987 gl st ATH o2 245,667 (254 A [ 587,949,359 )¢ Auto| <ol gstE
166, 950, 999& 4 &35 91,359,823 £2 AZla g, 2 FolA EAgelE 351764 (&

28,094, 9585 A

Ap-g-a} A

E4 - 216,094, 952F) o] Aol AEEY 25,977, 44683 ESE
glabol e 2 65%7F &4 3,000 vlute] AMuto 2 7o) oA

shEolgleh. ARl E41d) L% b Alvtel

WA
N %e 4
b AE oA S 2

X% (Table 4—1)3 #Zc} (o]dtoll A ALL3 dlolel= 1987 sl E-of

(Table 4-1) The required number of tug boat for ship per time zone (87 PUSAN PORT)

» G,/T| 1000 3000| 5000 | 10000 | 20000{30000 | 40000 | 50000 { 60000 {70000 | Total
Taone | 3000] 5000|1000 | 20000 | 30000{40000 | 50000 | 60000 | 70000 |over

0—1 | 119| 67| 31| 2| 44| 62 6| 19 1 0 | 431
1—2 | 86| 41| 12| 36| 24 31 5 7 0 0| 242
9-3 | 84l 27| 16| 53| 26| 37 4| 6 o | o] 253
3—4 | 76| 32| 15| 34| 18| 33 5| s 0 1] 210
4—5 | 85| 26| 16| 20| 23| 40 5 3 0] o | 226
5—6 | 110| 31| 6| 33| 17| 35 6 1 0 1| 240
6—7 | 108 | 48| 38 72 40| 42 6 7 0 | 0 | 361
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(Table 4-2) The required number of tug boat for ship per month (87 PUSAN PORT)

G/T |1000 3000 5000 10000 20000 30000 40000 50000 60000 70000 | Total
Month 13000 5000 10000 20000 30000 40000 50000 60000 70000 over
Jan. 331 121 100 179 84 92 12 15 1 3 938
Feb. 331 141 134 173 86 113 16 15 1 0 1010
Mar. 372 169 135 165 96 112 18 13 0 3 | 1083
April 363 186 139 191 88 112 20 16 0 1 1116
May 346 144 122 172 86 121 14 19 0 21 1026
June 273 145 133 180 92 113 12 15 0 0 963
July 244 110 113 158 87 106 12 14 0 1 845
Aug. 261 91 114 144 83 102 8 16 0 0 819
Sept. 247 100 148 151 79 94 14 16 1 0 850
Oct. 315 156 157 207 90 105 16 14 0 0| 1060
Nov. 234 115 141 132 65 100 16 16 0 1 820
Dec. 382 161 145 200 75 97 15 12 2 0| 1060
TOTAL| 3699 1639 1581 2052 1011 1267 173 181 5 11 {11619
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(Table 4-3) The required number of tug boat for ship per(’87 PUSAN PORT)

G/T (1000 3000 5000 10000 20000 30000 40000 50000 60000 70000| Total
PIER 13000 5000 10000 20000 30000 40000 50000 60000 70000 over
No. 1| 507 233 833 88 12 5 0 0 1 3| 1682
No. 2| 427 55 109 382 61 0 6 0 0 1] 1041
No. 31 618 212 181 563 64 10 0 1 0 111650
No. 4| 616 714 284 354 154 8 3 2 0 2| 2137
No. 5| 10 .15 33 313 329 673 46 111 0 3| 1533
No. 6| 29 5 28 173 343 548 106 65 0 1| 1298
No. 7| 365 28 5 27 15 2 2 0 0 0 443
Central| 80 89 62 67 12 4 0 0 0 0 314
Others | 1047 288 46 85 21 17 12 1 4 0 1521
Total |3699 1639 1581 2052 1011 1267 173 181 5 11| 11619
(2) A#y B
198811 34 BIE Lol FEED AAY BIRS 29 (Table 4—4) 9} 7o},
(Table 4-4) Present status of tug boat in PUSAN PORT
BT B & 3 H | FEF| B N |BAFEAR| HESY| HBER
AL7+=9 | HE3S 295.5 | 3200 81. 8 | ZP(1] ¥
(5) Al e 235 2000 71. 9 | CPP[2] 3 %
A2 ge 235 2000 71. 9 | CPP ¥ 4
A123E | 134 1100 79.11 ZP o 3§
A 101 4& 90 1300 87. 8 | ZP 3 4
w3 oA | sz 13 197 2600 79.10 | ZP od 3
(3) w3 235 153 1500 81. 5 | ZP H %
23 335 160 3200 87. 9 ZP o 3
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AR Fg¢ | A= 205 2600 78.11 ZP o
(2) AR5 3 157 1600 81.6 | ZP 7
g4 A | = oA 2170 3200 79. 2 Zp Gl
(3) 2 =% 145 2950 88. 3 | ZP o
L 185 1500 81. 6 ZPp 5
3 A9 & A 186 2600 86. 9 ZP o
(2) & H 275 3200 86.12 | 2P o

A| 15 2992.5 | 34550

4, 2 AE3 oM (Simulation)

(1) 34T 2L iy &8 HE

19884 3 A HifE F Lol = RE #k(1,500BHP LIT) Hi%(Low Powered Tug Boat :
Low) 2%, & H#&(1,500~2, 500BHP) ##%(Mid. Powered Tug Boat :Mid) 5%, &%
4% (2,500 BHP LI E) ##%(High Powered Tug Bot : High) 8 #0°] 3hu s|of glow,
Wi Abfol lelel MIE4 5000% KiEel MffclE KENHK RAF 1 &S EESHE
5,000 LLEYE #ES 10,000874AE EEHER B 1% HEIR A 1E<S
BlEsle] @E2 10,0008 LLEYEH #@E4 20,000E7xE HEANHE wAr 2%
WmEZ 20 000% LLEHE 40,0082 & #@ES BENM /M 2E=s BEST A,
000E2E HES 70,0008 7425 EEIHE B4 2£3 PEOH M 1% RET T
0005-F B #E2 100,000E 712 = BEHE &4l 383} hEE Wiy 182 223 BE
2100, 0005 LAl Aol dmct ACESHAR, B Ll s Aolvlzel R BTERH
EE DR A4y 4 EE BEESA =il

A #srol A= o] H#o 2 (Turn round time) o] 60% Rijtkel =2 13] AR oirl=s) #
FERS 60502 stgion], B BB E & Al 2 H#o R WMAE WA i
ol MmEol uhel AAVS ARESEE B W ZAd Aadoz sho] 1987F 147 Eil
Jeitsoll A Aol wlstol AAlddlolebf ko2 Al Ealold shalH

(2) wApel AL
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1) #E4 10008 LLLo ARAY-H @t BEste] Agaleld & A% KEH, HESH,
K71 dsrel HAEES B#smE 29 Fig. 4—D3 2,

day
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<Fig. 4-1> Distributions of tug boat served

olwl, %%, HES, MEN "AFel TRt HHA7 BAS o, 2 48 EEG B
1 fRiEER () B BES amEs 2 (Fig
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<Fig. 4-2> (1) Distributions of delay numbers per day
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day
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<Fig. 4-2> (I1) Distributions of delay time per day

o] A%, ERENE A BY FHEMAESE 190, P 1805, fFHEIKE 4@
o3 WEHME Aol HE FHFEMENE 17E, HHEES 1050 HENE At H
B FHEAEEE 150, A S & 4 Ak

awlEE, B OBIE R4 3 EES R 1% R FHEMAEES 9.58, FENE
WA 1% B FHEMEEE 340, BN wr 139 B FHERERT 1 9H
A= & 4 Uh

day
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P \ X High

; 9 5 R
10 4 . ' -
b = ~ . ..
0 t—_. U ST SRR SELY e hour
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(Fig. 4-3> Distributions of tug boat numbers



#A e FERE REd st 23

2) BEST 3,000& LIES ARfTE RANS EESI AEddT AL KES, HET,
S5 afre] FREES B#sAHE L Fig 4—3>3 2o

ofdl KBS, FHEN, EmEH "kl TRt FMAL GAsted, 2 8BS AHEK o
friieEf (57) o % B9 Fig. 4—4 (1), (I)$+ 2ok,

day
1
!
30 1\ B Low
i
i ® Mid.
it
ot
200 “"'\
10 4 \ff
'
h
)
|
I
R UL S
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0 1 2 3 4 5] 6 7 8 9 10 11 12 13 11 15 16 17
<Fig. 4-4> (1) Distributions of delay numbers
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<Fig. 4-4> (II) Distributions of delay time
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=S

o] 7%, (REBEAEE AAr HE FHEABNKE 9E, SRS 23502 BENE &
o MRS 17, &S 8aolsl EENM At HAEEE 150, it 8+

A
% & A,

qeloE, B OBUE AR BB A 189 BY FHEMEKE 450, FLEEe
o3svolm RS 14 HE FHEMEKE 340, AL 8ol mENM Ak
1&9 8% FHEAEKE LIEYE & F ARt

3) cheoz, Hae mirol MEMESIol Jolob MA TROZ AT MAR Al FHN7T B
halA e 4 QlisbE otolwy] gste] Az AGeeldsd FEF 100085 Ll
GOl A e RS AEY BBt 2E4 3000E BLES] Ab#ol MY mAS EUEY B
LB RAre SRR DebAme fERE ool ¥ (KE ) AU A2 chaxek
B, &EH, afel Yold 2ES 10005 LS AHETE AMme AEY mBs FE4
30005 LLESl AMASE MANS BOET HLEL MRsolor ¥ MmNl A 2es % &
9 et

B BEsa o) A% 7 makel LESHE H¥SAHE YFig -5 (1), (1D
o} 7,

o

day
20
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® Mid.
x High

100

R =

MO TUG 1 TUG ZTUG BTUG 4TUC STUG 6 TUC 7 TUG B TUC 9 TUG 18 TUC

<Fig. 4-5>( 1 ) Distributions of the required tug boat numbers per day (G T 1000 ton over)
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¢Fig. 4-5>(11) Distributions of the required tug boat numbers per day (G,/'T 3000 ton over)

of 71 A AL sAESA 27l A %S KRS M FE 10008 LIES #F
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M, =2 Xb=3 4(0)

k

n
o714 k=FERERMS] #
x, =it A PERER S Bk REKE
fi=i1= FEARERS
£ 30008 LIEe] #F#ATE R4S BT AT EKEHRAY FHLEER (M) =2
)
& FES Rire] THLOEEHR My =4.1(H),
57 AAre FHLESE (M) £3.9(H), o] Hef,
aelog B Zhise] HES M) st LEY R4l Ty f#He, KEH Ak
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(Table 4-8) Estimated ship’s number(’88~’92 PUSAN PORT)

YEAI({; S 300075000 5,00(1 10, 000 o OTzo, 000 |20.000 over |  TOTAL
1988 1,579 1,207 1,720 2,003 6,509
1989 1,623 1,271 1,748 2,219 6,861
1990 1,663 1,334 1,776 2,435 7,208
1991 1,705 1,397 1,805 2,651 7,558
1992 1,747 1,461 1,833 2,867 7,908

5%y sufrel (A= AAgr 3,000~10, 000 Aholo] HAHAAMESE 5E% 19.9%,
BRI EATel RS Mg 5, 0008 Ll ko] AIEEE 5 Fi% 31.6%, mEIHRMel
FEl = AEEE 20,0008 LLES ARMAEEE 5 H1% 52.9%% &£& EmsAl HE ¢ + 3l
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day

O Low

® Mid.
=~ High

NOTUC 1 TUC 2T 3 TUC ATUC STUC 6 TUE 2 TUG 8 TUC 9 TUC 18 TUC

<Fig. 4-5>(11) Distributions of the required tug boat numbers per day (GT 3000 ton over)

AZ|A FIZE BAESA VIS RAY EWT BR SHE ZES 10008 LY #
TH AME BED A KEN A FHLEEHM,)

M=

Jfio3 g4(a)

n
of 714 k=FRERS] #
xi=i A FERER ] PRk REME
fi=i~ BREMS

Mu:i

FET 3000E DLLEe ARAYE AMe BT A KEHRMAY FHULEER(M,) =2,
3(A),
w3, FEN Gt FHLEER My =4.1(H),

mES A FHLEEH (M) 3.9(H), o] s,
B2 B ZILES] mEHES Helsly] Sistel LEI WA By EHE, KES A

o
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1983

[MLl]+1:[3.4]+1:4(7§|> T [ML2]+1:[2.3]:3(71‘1‘)
RES Aol (Myl+1=[4.1]1+1=5(H)
EEH afte]l [Myl+1=[4.1]+1=4(H) & ¢ F A=k

4.3 BfEol BIEMK B8

(1) dleolets] s#f
19784 -8 19874742
(Table 4—6) 3% e},

10918

Z ol

A

s o

(Table 4-6) Trends of ship and cargo

fES

. " Gross ton Cargo (ton)
YEAR Ships (G/T)
IN ouT

1978 23,235 79,976,827 17,703,947 9,509,207
1979 23,618 97,482,276 18,271,299 9,692,337
1980 22,873 96,634,458 14,596,042 11,103,949
1981 24,697 110,001,465 16,522,522 13,193,514
1982 26,403 124,511,559 16,311,338 12,801,105
1983 27,868 142,079,222 17,503,341 14,003,928
1984 28,905 156,162,340 19,575,429 16,108,378
1985 30,364 170,380,624 20,369,861 17,039,345
1986 31,959 187,848,743 22,321,893 22,835,870
1987 35,176 216,094,952 25,977,446 28,094,958
TOTAL 275,098 1,381,172,466 | 165,773,418 154,382,591

FREG 2 Rojd

104 Sk FER WmEel ABKWS 46.7%°] WmME BT HEWHS T 195.5
%9l BiNE Mow, HMAM MO MERE 51.4%9 #WmE wol el A ERE 170.1
%< WINE Rol A KRt MiB Kol xoh & Fog Mmmsdn el wsA
Egoh B 2 Zoz wmades ¢ 4 Ak

SoB, 4MAe RN EH BEIT UE BAE AEKRS 1056 5 245 B8
2 E4astel velwi (Table 4—7) 3} 2,

— 100 —
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(Table. 4-7) Trends of ship’s number (*78~’87 PUSAN PORT)

YEARG/T 500~3000 | 3000~5000 | °°°% 10000 | 0000 | 2090997 | TOTAL
78 4845 1989 | 1053 1070 96 9053
79 4991 1977 | 964 1003 304 9239
80 4986 1303 859 997 482 8627
81 4875 1310 | 870 1241 608 8904
82 5055 1402 | 837 1449 734 9477
83 5399 1200 | 867 1596 954 10016
84 5438 1398 | 821 1557 | 1144 10358
85 5493 1279 | 1017 1857 | 1309 10955
86 5659 1612 | 1091 1661 | 1485 11508
87 6326 1525 | 1151 1656 | 1831 12489

TOTAL | 53067 14995 | 9530 | 14087 | 8947 | 100626
& F 9% e e, B, 7EYSE

ALY LEEHS Rl e Aue
HEFA S efste] FEAQL AN Pegstedof s, 2 shshvrt o

2 ofgo IR Fn K @molAe (Table 4—7)9 dolels: M
slod Mt 5 4R AR 85 RS,

(2) T

(Table 4—T7)oll A ®<l dlolel= Ff #EhiEe] 2 olnz EFHTESE HET WA
FRKES WL £ 897 sl Foll & @M E “BEHTFHRECR #HESI 1992474
Ao PLEEMBIES BB A,

of Jjikell whet mitk 54ER] WEHES FHHSI] Jebllw (Table 4—8)F 2t (3714
FiEATE a =055 H39S)

ol

— 101 —
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(Table 4-8) Estimated ship’s number(’88~'92 PUSAN PORT)

YEAS S 30005000 5‘00(110, 000 o 00~020, 000 | 20-000 over | TOTAL
1988 1,579 1,207 1,720 2,003 6,509
1989 1,623 1,271 1,748 2,219 6,861
1990 1,663 1,334 1,776 2,435 7,208
1991 1,705 1,397 1,805 2,651 7,558
1992 1,747 1,461 1, 833 2,867 7,908

KE Aol FHE== @4 3,000~10, 00048 Abo]o] i ABAMAESE 5 4% 19.9%,
e RAve]l A= Mg 5, 00008 Ll AMAEES 5 F% 31.6%, mEARA] {F
sl #adE¥r 20,0004 LIRS #AAEE= 5 5% 52.9%% && BmstA & o4 4+ 3
o},

olell wtel, 19924Fel FEL KES &S FTHEH(E, o En)t M2tk 19.9%
shh FEE(E,) ol & o] glomz

Eu=M,=3(#) =¥ E,=M,=4(H)

BEL AR FHEH(EY S Myith 32.8% #Einslos

Ev=[My - (1+0.328)]+1
=[4.1x(140,328)]+1
=6(%)
EmE Afe] FHEEE)E My 56.6% st
Ey=[My - (1+0.566)]+1

=[3.9%(1+0.566)] +1
=7(A)
AL & 4 At

4.4 BRSO EIESRE RE X FIBEE oM

BoZigel ool smfxoinla F vh BEs A B/ KBRS Bty LEEHR

— 102 —
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T AR 10000 Lol AnAfolA e MARS BLEY BB 4%, MEB 3,000 LIES
Aol A - RS BEER A% 3%olx, dENRMS] T LEEHE 5%00, HE
Nafge 1 LREHE 489S & F ok =3 5 8% 19924 B A L
2 Bl viaA KRR BT LESo FEARMES 1%, BENAMS 3£
wme 242 stuz KEARMS THEHE 3 =t 4%, PEHAMY FHEHRE 6
&, mEhase] FHxss T84 &% LRES 4 5 UAdH

=3, ZA47e BERES Tobe 24

O

i

k
2 Xjfi

i=1

Q
i

—x (4714 N=S £, 4 : 5%)

|
=z
—

5

oL

6 .,=0.8

e

ocu=1.5

~—

Sl

O y=

it
M
o~ o~

Racd
29
lo
)

ol

A
Oml 2 T

wlo

LM mAE Aol izl s #48A 7] A3 UE RivERs KRl
LR 1,000 LiES] Mol A7 E RAre BES B8 78, @R 3,0000m L EYE &
ie BUED BB 5 %elx, hENEMC] 1080 EE &M 88U < £ )

RAT] EEREE A T LEERY BA LESH AoldA mEdAw @ £
fitol o lojoF BIERIL st MEE A SHE W BE—ES o A #EE
el e e BA Trade-offfifS ZEstd gEsloior & Zlolu, wWhEsic}
WOAARe TReZ W HAH Ml A, 58 KM &7 B4EA 25E o
of ghet,

FEF By AALY REES 29 (Table 4—9) 3 7t}
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(Table 4-9) Estimated tug boat number (’88~’92 PUSAN PORT) (unit: ship)

YEAR
1988 1989 1990 1991 1992
HP
Low 3 or 4! 3 or 4 3 or 4 | 3 or 4 3 or 4
Mid 5 5 5 6 6
High 5 5 6 6 7

o3 7]+, Low :Low Powered tug boat
Mid : Mid Powered tug boat
High : High Powered tug boat

HsdE #¥ B

A el E, HEERA UM BARA 2 S EHEsle Mo dod FEF
BAe] S PEste Hikol A3l WRSIA
WA AR BEE =t ME BEEeRRT [IE (Berth interdeparture time) ©] 5%
T waa, % Y AEe 2707 B3 A A Aasre] SEe BT e s el W
|5 B B BRI AY S Fgsty o AAL RMBES REsH] ddAE AE
dloldg Hifiske Aol M MRMAS ¢ + U

webA 2 EAEGE ZES EES BRfd o el FREe o & Algdeld S Hiti

feeri oy
[ajay
ol
i
AN
B

1) HAE el e wE LB "M BHsE: ZAste ol24E F=3te A2




& el HERE REd st 29

= AERL 10004 LIES] AEffol N A4S EEY B 4%, AER 3,000 LIEo
Mol A FE BAS BLET A 3%oln, hENAMY Fiy LESHE 5Eod, SE
hasre] T LEEHT 48T 4 F U =Y 584 1992Fl S B odare]
B OBl vlsiA KEH A Bne LEYo U HEHAME 1%, SEHEMS 3%9
BinE H22 SR (KEHRMY FHEHE EE 48, PREORAY FHEHE 6
&, SENRMY FHHSE T84 &85 LESS 4 4 Uk

, Aol BERES Tt v

=

ok

k
2 Xifi

i=1

o = N

—u 2(3 7] A N:gkfi u L HE)

cu=11(%)

ol o
o a

n2

T UeH

L AR fArfne] A7) s B4t o] 93 UF smsEss (K57 a4t
PR 1 000E LLEol Aol A el MALS RIS S8 74, @Ry 30000 LLERE &
firs BUEY 508 5%ely, hENAM] 10&0]n BEHEM] §HUL o & YA}

AT BEREE A Tty LESHO BA LEER AloldA mEsxar 2 o
Bdre] o lojol BEI/} SlE MBS AM HBE B BHE—ER St A FRE
el fEAafEie 1 A Trade-offHIEHE ERstod smEstolol & o}, wheatch
ooEAe TROE WS HAE AR AH, 53 AMALS) AHICL R s BEE 3o
of gtrt,

TR T &S] BRMES 29l (Table 4—9) 3 2},
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(Table 4-9) Estimated tug boat number (’88~’92 PUSAN PORT) (unit:ship)

YEAR
1988 1989 1990 1991 1992
HP
Low 3 or 4! 3 or 4 3 or 4 | 3 or 4 3 or 4
Mid 5 5 5 6 6
High 5 5 6 6 7

o371 4}, Low :Low Powered tug boat
Mid : Mid Powered tug boat
High : High Powered tug boat

HMed & E

& ol A, BEEEA oA A Age S Eitiste] il T2y FEY
el HIES fuEshe el Fste] BESHAT.

M AMAES BIEA E& AF H3EESR RIRE (Berth interdeparture time) ol ¥#5E 515
£ w2a, A 9 AR 2717 A2 A% A A wake) e BTeye R Atsel W
feslAal HiR B AMAAY S BRsle o AR AMHES REsH] ddde AlE

thebs] Al ofeg FAlolnZ F3 3 #H dE ¥ ?‘L%%—OM AA AREER e
doletz e ohga 2L AYPAS FEA

Y =9. 96X*6 4569

(1714, X : Aute] 2E4(G/T), Y LELAEHE(HP), 3,000=X=100,000)
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AN e HESE REd W3l 3p

2) B gl B RS KB (1,500 BHPLIT) dufto] 24, hEH(L,
500~2,500 BHP) #iffol 5%, #%7(2,500 BHP LiLt)difte] 8#ald], LiLdbise hA
®3h= Andcl dpel FRo <lsted fgsiol st 297t 87 % ME RmTY By
< BN &Ml FES 10008 LLES] AMAEYTE A0S A A 4%, 2EZS 30002
PLbel #afiyel wate WA 49 3%olmz Ty 2% b %0 REH2, HEH
wfiel 5ol LRSEE AAse, HES o] 4o LFEInE HF 480 BRI
QS RS o,

3) 19924741 AR AEf1S) BRUEIC] ool REARA 162 199150l B
ofef shiL B EARE oln] FEMRH 82 dite) oo BMMERY LEs QoS
Wk

Lefvh RHFRE WElY Sohwd AR MBI BV BESA 27 9d mare i
BEEHS} RALEEY Aol BE Kol d BELE S8} sEsolol & Zo|oh

=3, BB del MAIEE MHS RS E2E4 20,0008 LLES ARigrololA] &
el FRoZ <l Ao fHie VAT wle) 2 KRS XTI WEER T Faw
AT FEMRSIol KTUALS] Bl B4R WEE slojob gho)

oL, AL MiaEel HHE 22 BEEEY 5% HE &% Sdimp
A Trade-off RIS ZEsled #sEdlodol gho},

ol

of el

2 £ X K

1) J. Imakita : A Techno-Economic Analysis of the port transport system, Saxon house, p.
36-51, 1977.

2) WEMEE . AVRMY —FOF v =y iEXE, p 2—4, p. 18—20, 1979,

3) IRk AR T o RS, BIL%, p. 39—45, 1979,

4) FAER - KRR | ERALAITIIER, HEHEE p. 24—37, 1979,

5) FER A=Y THMER, B, p. 6795 p. 151—160, 1981,

6) tREGIE @ HEAHE, K3it, p. 398—433, 1986,

7) COMMITTEE ON PORT SAFETY, ENVIRONMENT AND CONSTRUCTION SUB-
COMMITTEE ON SHIPS, IAPH :REPORT ON TRENDS IN SHIP
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WMAMBE L B2 % B 1, 1988

CHARACTERISTICSDEVELOPMENTS p. 4-8, 1987.
ey oAy EE Y EHEEEEGIEYTAHRA A8—135) A9z,

s -e-akabd ©sl-FahabA SAGE, 1979—1988,

oAb ubel g euby A SR 715, 1987,
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