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Abstract

A ot of studies of ship’s economy are on the traditional [ickls such as reducing propulsion
rosistance, raising cargo handling rates and lessening building consts, but there are few researches
on the merchant ship’s cconomy concerning their deadweivhts and speeds  according to shipping
cumpanies managerial cercumstances.

Contrary to the contemporary trend that ~the biveer, the bhotter, if the cargo handling vate
could increased sufficiently to hold down port time to that rate of smaller vessels™,  this paper
demonstrates the existence of certain limits in ship’s size and speed  according to the coditions
of the freight rates, vovage distances, carco handing rates, prices of fuel oil, interst rates cte.

From the curves of criteria contour for various ship’s deadweights and specds which are
depicted from the erid search method, one can got the costs and the yearly prolit rates under
the conditions of large volume with long term contracts for the transportation of bulk cargoes.

In estimating ship’s transportation cconomy, the auther takes the position that the profit rate
method is properer than the cost method, and introduces the calculation  table of the voyage
profit rate index.

The use of the criteria contours will be of help to ship owners in determining  the size and

wpeed of the ship which will be built or purchased and serve in a certain trade route.
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Table 5.1. Maximum profit rate ships when freight rate is taken as a variable

r—ER($) 15 25 35 45
YBPC (%) ~3.2 10.3 24.3 38.7
V (kt) 10.0 11.6 12.8 13.8
WDWT (1) 136500 136500 124200 113100

EEARS BB AEMA e E ) ¥ RERERE RS Ke2 Kistd chgah Aok
(Fig. 5.1 &)

WDWT = —27 75FR" +840.25 FR +130814 ———— (5, 1, 1)

V= %’oLos FR'-+0.216 FR+7.1 (5. 1, 2)
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Table 5.2. Maximum profit rate ships when distance is taken as a variable.

< DAB 1000 3000 5000 7000
WDWT (1) 58100 74200 124200 192300
V (kt) 13.8 13.8 12.8 12. 4
YBPC (%) 62.3 36.0 24.3 17.9
ML R TR ] W Ko Aordlke oo 7o) (Fig. 5.2 &)
WDWT= %03—(5) DAB’ ~3.37 DAB+57430 ———— (5. 1. 2)
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T able 5.3 + Maximum profit rate ships when loading speed is taken as a variable,

o Tz 1000 4000 7000 10000
WDWT (1) 59000 94200 114100 133200
V (k) 1.2 12.6 12.8 13.0
YBPC (%) 3.6 18.4 23.3 25.8

ol F Ao fyietd vhgak Zeh, (Fig. 5.3 2M)

z

WDWT=—~%§%~-WLU+&&MWLO+MM&4- (5, 1, 3)
YBPC=- 8382 . wio4 064 w0 9018 — (5. 1. 4)
10 100
Vﬂm%o?ﬁ”r(i) YE’C(;é)
201 L | 25
15h-
15 ~ _ DR ‘“E:rm
I e T
T e :
[ | ,// Lo
5%-
51 ,
// }5
4,000 7.000 10,000 WALO(tor/dav)

1,000
Fig. 5.3 Mamum profit rate staps when losding speed i taken as a vanable

4) #AE (BSHIP, fAEBEK)
M ol #E)2 EMFIMERA TR WHS ol 2ok ME EL EHFI R L2 of-Sat

[
71—[;].'

Table 5.4 - Maximum profit rate ships when ship building cost rate is taken as a

variable.
BSHIP () 0.8 J 1.0 1.2 1.4
YBPC (%) 36.7 [ 24.3 15. 0 7.6

(Fig . 5.4 &)

YBPC=--48.3 BSHIP +74. ¢ (5, 1, 5)

_..89__
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YBPC(%) YBPC(%)
40

N

N
30 4 30
N
N
20 - B 20
10 Sal 10
T
08 10 12 14 BSHP

Fig 54 Maxmum profit rate ships when ship bulkding cost rate 15 taken as a vanable,

51 whfR (PFEL) ¢} I8 (RINT)
HE ] e GERURIE R o] M-S do vl =3 FIFRE Mine ERFEES HE

ROV E ARy 9 4 ek,

Table 5.5 - Maximum profit rate ships when fuel otl prices are taken as a variable.

PFEL(S) 250 300 350 400
DWT (t} 115700 122500 128300 136500

V(kt) 13.6 13.0 12.6 12.0

YBPC (%) 25.7 24.6 23.7 22.8

(Fig. 5.5 &)

Vikts) DWT{ton)
205
20
15K,
16
154
144
131
124 10R
1
10
5 Fe
54
|
T l
2508$ 3008 3508 4008 PFEL(S)

Fig 55 Maxmum profit rate shwps when fusl o pnces are taken as a vanable



Table 5-6 - Maximum profit ships ‘'when interest rate is taken as a variable

AR R )

BOICEB S RS T TR

27

RINT (%) 6 10 14 18
YBPC(%) 28.8 25.9 22.6 19.1
(Fig. 5. 6 &)

YBPC(%) YBPC(%)

30

25 e -~

yeec T~
20 N

" 345 67 B 91011121314 1516 17 18 19 20RNT(%)
Fg. 5.6 Mwamum profit rate ships when interest rate 15 taken as a vanable

5.2 §HRKehid (Criterion contour)0f CHE} EE

4 Boll A JEHEER ) BBl oA FFEEKS FEKE MmN Amdtdled ol E HHE
thig v EXE R ERFEERER el ek

o] M LR ) EAMFRHRS ST REM A HEERLS] Ml A FFEHES
718717t BBt pEMme EH) ¥ MERERAA HT AR s EXFE R EM
FlifR e b= =) 9boh, e JEEERFLe] zholl =hebd cl2 ol S RECERL 344 LU
Toll 4= FEER O 715717 Asbedalch  wheld KREESA Ao Kol #tbe 8
EE Lol SEHA R S wEps LAl e,

wheb 4 @R el Handy size® @ébv ZAfolle @ R DEEMe] KEL K 12migg 2]
g7 2 LAY Aok Aok @ LERY 1Lor°l Byh, 1l @A BFES EEEEK
wifol] o2 FEMC BEE T EH 2 sk Zleo] GREjelch

5.3 EXFManiR T EMFIMEIRO]

ELF‘P}HB%R—"— D bR dE o] 1EBIK RS BIZsk K1Y lonE EXFRE RIER s &
Bl o2 S, EHFIRKEER-S LEBA T obxl —EIE M LEFENA A BE
ﬁ/&t’ﬂ HEh FIRS o R shel jridfa-S el
AF 4 &0 HEMMREEC A EYUEM, STEED, FIFR & e KEES
of SERUFIE-REEER £l BAM-S EXFEMR LS BEMETE ENE 1~ 2knot WED
gdie 2~3&A Hele AE 2 4 Urh
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M RRAR ) AL Wl WS R Wl LRSS akS Birshel AEeh - B Lol
BOER )3kel Fribe Ae] oblel, olwrh BT WX e gAc) BAHIMEME Lo 4
e olehod Hiatal s Aol musr Aol

6. AORREMFIRSIEH

6.1 Hire %! Charter base2} #L#0:E S ERIEH

B2 a4 Aol sEATl =S RIS SHES= Kol TEEXE A oleh wivh EAUFE
= PR AR E A vheb Az EBURIRA L] kel o, MM EE I 2% Kele K
Lo = AR ok Aol {yEshelar &)

Lt el dpER N A MEAEMC] =2 RN | ¥ 22 Hirs baseg} Charter base?| }
e olisdl, o] ke HR bsbEe] mbE ko R 4 fARne] BRSNS REBRERD
ox B oo MXRES 1WA 30HE-S AR ek Aelvh

Hire base+ #ifte] g MH#iolil, Charter baset~ MHRIERTIo] gt Rk ol 2 2 3} EHEE
ol Hbid ozt s vl FEE Xl o Kike| MEHF MEOBEAE ety dolld MMHEE
el SERUFIM-S st vl #fskeb 3 5 olek. Mol R ERAE BE 42 cf27
Aol fH e AAAN Sl AU ALY 42 oo R ool teEl FliGel 47k
shebA) MAMUERT] =2 RIS 1R ASA0 el ATEER) FIMeb-S sk eel LRl R) b MAE A
Bie) FUE 2 fibf ol fedish of o] Fikol #et FiM s Hed + v FHEHE LEso

R Er #A SEMUFIRIE B (Voyage profit rate index) = MALER Sl B RS ks A8
Frol A vk SEARS R O] M A 4 del == FIE-S AA 10840 g HEESl KES HEk
gt ol L@ MRSl Miden RINAE-S 7 FH el Mol o8 fidgel BME Ao ¥E
B M st Holceh,

of 71 A BAMGEAT FIHERA R (VOYINDEX) +

VOYINDEX = Heto (R A <100 000 -~ (6. 1)

A3, 1814 &litehd, A6, 1 )% vhdok 2ol Znslng AL MEmMAMEERe %
- AaALE AR AR B (YBPC) oF b

YBPC

VOYINDEX ~ 355+ (6, 2)

6.2 MAaERFIERES HERX R O EHE6

HOAERTFLE SRR ] BHEQL i S8-% 57 sisked 1 iPEEBAS) 19806 HE ~ &
el gbftal  -AARRTERAT M/STALPHAL S5l el 4 HEE 2 JtEdle 2w obSab 2rl
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AR L IRBETE &
19805 85 9H
s % °M/S ALPHA, VOY. No. 19 DETE I 19685 8 H
0 B 56, 809. 10ton it W O B 8 (Hufk)
o AEY © 95, 926ton Wi H H 1978'F 10H
¥ i B ) D MAN 20,700 HP He 1% 8 #% : 5,085, 168.00
Ki {7 ¥ : DANPIER O F X 1) (knot/day) | @ #EIIEHEE (miles)
W {4 ¥ POHANG (14.5) 348 3580
@ ik F @ B0 G HEI RS 1 8 ORERE L L
21 7.5 350 12
® 1 hilE @ & =1 H T #
D LTI A
D Ore 91,740L/T 6.678 611,905.80 §
MO M) T e oA % #
@ MEGD (@ B E @ ¢ 4 102364430
U ] 0.2013
AL P 9 % B oK %
© t W b . i 152,555.00 $
w " 5l P&l 5,085, 168 $ 0.03
K ® AR @ o L 220 440 308
U S 0.24 T
@ # i1 W (OHEHR SN RN -
D # iy % = - 303,800,00
© S 30 11,6408 B
@ il OFO+B+0 2.740,439.60 $
@D B EBTARSCHRAL (20/6) 228.,369.97 %
MU @ LHERREERE L | COPRELWIRT | Ay 11 B
| F.O.59.5L/T |@ 211.348%
¥ | D. O. 1.12L/T | @ 250.078% 21
@ PRFHY T v
fE | @ THPRFHMEER | COPRFIYE | REu1 8
1| F. 0. 80L/T |@ 211.348
oM Yy ity ] D. 0. 1.12L/T | (@ 250.07 % 7.5 284,731.96 §
w B B S A
@ e @ 1R @D firfekt4
0.088 7,339.208
91, 740L/T @ kg
B ot
® NIL NIL
HE 1'¢ ] ol 15 fof (2
35,0008 | 21,100% 56,100.00 %
GD EEEMGERY D+EO+E+ED 348,171.16 8
@D HEEMACEMFLY (D - (@D+ED)) 35.364.67%
T GEME S @ — (CD+GD)
@ BRI Lo @ 100, 000) 24. 40
@+®@®) - @

Table. 6. 1. Calculation table of voyage profit rate index.
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Table 1. Sample Ships, Dry bulker (Single screw, Diesel engine)
w”ﬁw G.T c“ww. DW.T oxwmwms L xB <D E\,M BH|L/D|L/B| C, |BHP JMS \w\_r ﬁEH_\U D/H | L/H
A 10287 | 21490, 16016 9,200 131.50% 22,30 < 12.25 | 0.745 | 2,424 | 10,375 5,897 | 0.797| 8300 | 16.3 | 0.785 | 0.478 | 1,353 | 14, 460
B 10182 | 21696 | 17337 9,396 | 136.00~21.60+12.20 | 0.799 | 2.304 | 11,148 [ 6,296 | 0.788| 8000 | 14.6 | 0.691 | 0.469 | 1,301 | 14.779
C 12367 | 25337 | 19796 9,895 | 146.00-22.80~13.40 | 0.781 12,304 | 10,8961 6.404 { 0.769 | 10900 | 15.2 { 0.695 | 0.488 | 1.354] 14. 868
D 16319 | 34220 | 27702 10,224 | 163.00~24.60=14.20 | 0.810 | 2,406 | 11,479 | 6,620, 0.835| 11550 | 14.6 | 0.631 | 0.476 | 1,389 | 16, 134
E 26196 | 49277 | 37800 12,123 | 173.20%27.60 < 18.50 | 0.767 | 2,277 | 9,36216,275| 0.850| 12660 | 16.0 | 0.671 | 0.531 | 1,526 | 14,595
F 25709 ¢ 50026 | 41643 11,025 | 184.00x29.50 16,70 | 0.872 1 2,676 | 11,018 6,237 | 0.836| 9600 | 14.0 | 0.570 | 0.513 | 1,515} 17,000
G 30745 63016 ; 51672 12,425 | 191.0032.20> 17.80 | 0.820 | 2,592 | 10,730 | 5,932, 0,825 | 16000 | 15.3 | 0.611 | 0.487 | 1,440 15,532
H 334421 69141 57911 12,086 | 210.00%32.90x17.30| 0.838 | 2,648 | 12,139 | 6,563 | 0.851 | 15000 | 14.8 | 0.564 | 0.483 | 1,431 17,548
l 35020 1 72103 | 59859 12,398 |21¢.00%32.20x17.70 | 0.830} 2,517 | 12,316 | 6,770 | 0.828 | 13800 | 15.2 | 0.568 | 0.485| 1,428 | 17, 794
J 39938 | 84395 71695 13,079 | 232.23+32.20<18.70| 0.850 | 2,462 | 12, bwi 7,212 o.mww lemAcoc EW owmm oﬁ,w 1,430 | 17 995
K 44018 | 90878 | 76324 12,873 | 236.00x35.30x18.450.840 | 2,742 12,791 | 6,686 | 0.847 | 18000 | 15.1 | 0.543 | 0.484 | 1,433 18, 540
L 46434 | 97894 | 82617 14,093 | 230.00x36.00>x20.00 | 0.844 | 2,554 | 11,500 | 6,380 | 0.839 | 17500 | 15,2 | 0.553 | 0.474 { 1,419 16, 490
M 53964 | 127638 | 112021 15,869 | 228.00x42.00x22.80 | 0.878 | 2,647 { 10,000 | 5,429 | 0.840 | 16880 | 14.0 | 0.512 | 0.420 | 1,386 | 14, 685
I'Z 63218 | 131545 | 110906 15,629 | 249.00%37.60x22.40 | 0.843 12,534 { 11,116 | 6,288 | 0.854 | 23200 15.3 |0.535 | 0.480] 1,433 16.245
0 62250 | 133851 | 115535 16,742 | 248.00x38.00x23.70 | 0.863 | 2,270 | 10,464 | 6,526 | 0.848 1 20000 | 14.8 | 0.519 | 0.465| 1,416 | 14,037
p 68010 | 135893 | 115721 16,031 | 247.00 x 40.60x24.00 | 0.852 | 2,533 | 10,292 | 6,084 | 0.845| 21600 | 14.8 | 0.520 | 0.500 | 1,497 | 15.775
Q 65798 | 140220 ; 119514 16,921 | 244.00x40.20x23.90{ 0.852 | 2,376 | 10,209 | 6,070 | 0.845} 232007 16,5  0.583 [ 0.469! 1,412 14,728
R 60934 | 149390 | 128370 17,529 | 247.00x40.60>24.00{ 0.856 | 2,316 | 10,292 | 6,084 | 0.853 | 21600 | 15.4 | 0.541 | 0.406 | 1,400 | 14, 408
¥ 2,487 111,003 6,308 | 0.834 0.476 | 1,420 | 15,870
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2. IAEERT - HEKE L (Deadiveight - displacement ratio, GDD,

WDWT

GDD= wwsHmp

£ 1ol A 2= shel Fol FEAHYE T EFL - PRI Bie) oL sbell vl

lorm g olF PEKWS wifrid mRAbskA vb ek ok
GDD=—6.4761x 10" WSHIP*+1.7439 x 10*WSHIP +0.7397

Table 2. Deadweight- displacement rario {GDD, Sample Ships'and computed values)

kel g s) ol

SHIP’S NAME A B C D E E G H
WDWT/WSHIP | 0.799 | 0.745 | 0.781 | 0.810 | 0.767 | 0.832 | 0.820 ' 0.833
EE O ] 0.774 | 0.774 | 0.780 | 0.792 | 0.810 | 0.811 | 0.824 | 0.829
1 J K L M N 0 p Q R
0.830 | 0.850 | 0.840 | 0.844 | 0.878 | 0.843 | 0.863 | 0.852 | 0.852 | 0.856
0.832 | 0.841 | 0.845 | 0.848 | 0.857 | 0.857 | 0.857 | 0.857 | 0.857 | 0.856
WOWT -
GOD — Wt ,
P 0.85- as
A
A A
0.75-
pay
50,000 100,000 150,000 WSHIP(ton)

Fg. 1. Deadweight-displacement ratio
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vh B & E )

Aol BRI 1) -5 B ek Sk S Modelds-8 FIUBSH: (5o ik K2 BB i 179
BN5 Fekiz &% of el b 4ok 2dvh

A Rl A= Modelfd& MM EAI ] 2] obr E# Ol BRI ) e 0 )5 ERR Sl HEK B
EN R St Fiishe HiLS skl

of Folli= %18t Admiralty thEe] Fikiob #Rel 4 [#iHsha ol Ayre’s method , 7} 9luh,

Admirelty $RE= BEIBIE JJ& #idE Reb- Ao ed MG RO RS MES BE HMsto
Ayre’s methodell 2ldkod Mifel 47 )8 kalol stgdel

Ayre’s methodell 2]t #i#1 #H 2B /)

el A ) BEKE L Do) pile A BHISHE Bl ol 4 B L #IREHS

A=A g Folq chgab o] &rgbch

LAYN g
E.H P S D

Dol A el s Coe Mol MR VAT 9 2ol — BEARIE /A Y #aano] Wi
= YEbY) =4 Appendix ] ol 4 o)
of C,ak-2 thAl Mol K () (R EL(C,) L b — vz K LE (B/H, 7o) Hia el {Lhrii (L, C. B.)
HOMAAIS] Aol (MIEHEE Soll oz Kk ol & 1500 shod BIRC, Mk s}
a) Aol —PERK B (L/a% ek Mgl (V/yT j24 i TCHt
Q] BAS ob BTN E DS iksAl i o Lol HiKESkA= Appendix | ¢ TC,3t%
EALske] fEHsEA $lsked A EUAMIS] Aol —HEKEIL S Rébed M chgal o}

Table 3. Length-displacement ratio of sample ships.

fia # A B C D E F G H

L/t 15.99 15.45| 16.30| 16.47| 15.50| 16.38| 15.74| 16.78
1 J K L M N 0 P Q R R 4]
17.181 17.31) 17.22| 16.37| 14.85] 16.06 | 15.9 15.76 | 15.40| 15.25]| 16.11

PR 4] L F¥ylo] —HEKEHE 16 110 vl, #iMel Aols kil i Miitsts] £
gl Benford K& KindfEIEsle] Amrstet g
Feet#if{ir 2 &3t #3Me 72778 (Cubic number, CN)+ vl23 7ro] Kpisho},

_LBD 445 1.D .
CN=55 =035 5 -4

— 9 9 P,
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S Csk DAL D Table 171 REAHRS PN o o elgsh

2 0.35 ¢ ek ~
CN£0.357 yg3q ~1.424-0.594

Benfordi= #a#12) 7lolob 7 JiBehe] BfF 5 vb-&ab 7re] Korstn o}
L L7 y‘s 15
CN=1 00
el ffel ARMEE] S MRS RIS Sl wbl osvko] EE ROl st 9] XS kN
F-g FIMstod Fiiske] Nl ubSu) gbe) I ogho] 5T ubeEl ubebyich
CN=0.5964 100 | "1%‘6): L ‘feet

100 , L .

A~ 596 | 100

AR FERLS RIS ferb F kol A

x=3.159 & 1t :
4159

L=1(100 x0.596x4" ®@

WSHIP(ton)
TA (ton)

160,000 -
140,000 -
120,000 -
100,000
80.000 -
60.000 -
40,000

20.000 -

1 T 1 ST T N
400 500 600 700 800 900 L(ft)
Fg. 2. Computed length

- 100 —
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@l EELE EHst k@ Kxsta
VVL =V/(100*" x0.596 ) ° i
— 8 ROl el L/aYel 2k 16. 1100 wiat BBk @R Ayre] TC,gtab o] &
HRAES) W R o) 3R o2 K& TC,zHS opSal 2o},

Table 4. Ayre’s TC2 and computed approximat

V/VL 0.312] 0.351| 0.390{ 0.429| 0.469 0.503| 0.547 0.586| 0.625
Ayre2| TC f# 400 424 443 456 465 469 470 466 459
it 8 TC, @ 397 424 443 457 465 469 467 462 453

V/vL 0.664| 0.703| 0.742| 0.781| 0.821| 0.859; 0.898| 0.937| 0.976
Ayre®] TC,(# 443 424 405 388 370 354 341 315 289
it E TC,f# 441 426 409 391 372 352 332 312 293

TC,=1364.69 (V/VL )’ —3562.74(V/vYL) +2582.9V//L —103.06 —— @

b) Coll #3t 51
—# BRI hREFREGRRE A 1.00] 77hE gte e 25 MafAol dkidolch
aheb 4 AyrefGy M2 BBIFE (fullness) = Co A viebli= Zo| —#yolznt, C, 24 KR
st el IS atESE e K&V flebe LS ekl ek
5 F 52 Appendix [oll 4 & ERtol =2 B4 C, & Edhd F3 1 3ot B &
9] %ol $3ted Fullo]® TC.oll oHdt HirE MEREFHES Appendix[l ol 4, Finee|® TC.of of
3 B MEMEE Appendix o] 4 Kahet.
chub, Fulled Z4-$& o] @0K PEpibiie] 31z &Ml C, & 3 25 Appendix [« o
2 TCfidll A #EBRstet.
o 7|4~ BETRIM S ¥ C,(0.834) ¥ @RI (0.59) 24 Col #He BEME Kilds
C.fficll = & BES 72 otdteh
B Appendix [l 4 V/A/L =0.59 &t tde C,i= 0.79, FEMH C,ok° %+ (0.837-0.79)x
0.0440] 3, #o| tH#E C,oll HY H7E-2 5.57%0]ch
Appendix [ o] 4 5.57% o &t #iEffi+- —3.120] 22 C. 9] C,o g i+
—3.12x 3 xC,=—3.12x 3 X0.834=—16
C,e BiE3 G
C,=TC,—16 @

- 101 —
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) #g — 0z Kt (Breadth —draft ratio, B/Hjel & 5E
Ok R — K B i 2.00% sk on el oletd Il It E 0.1 ek C
1f5et ahs a%w'r o‘M TColl 4 f gkt
PR 2] #15 '1 =2, 490]pi
4.9%C,=4.9%0.834-4.09(%)
— WKkl el B g

o 4.09
S oo ) ' ©®

d) HiMEEL o) ALV (LCBIofl ofgt fiE”

RAAATEC o A7 (Longitudinal center of buovanev) = - #io)l PEAR RS K0y BUEIRE S o
bk - AU OE Full Mo 2 4 4 A (Length of entry) S 2HA]l dled = 75 k4E
fiol Al A of v, [Tl A& KK (Length of runi-& %740 A Al ske] dp s <allsha, i el
Mtk Tt A o e Bl BEMES Folis Aol Mfieleh web4 LCBE #F M6
o8 Al sl

A EIE-2 Appendix [l ol 4 iz itoll w2 4= LCBO| MEdEf & 2ro} 4] Appendix[[[ ol 4 TC, 2|
EJIE I REE S I SIS

FER SRR o) P @ RIE(0.59) o] cHgt Appendix [ o] £E4 LCB= L2| 1.83% #E /i
2R @EFskan vk

of FS —ik WEEMN A Ll E wbol = 4 ol o R HBMEISE BIES Al ofugic,

e) Aojoll edk fBIL

Ayre?| TC,zHe M2k o} Cruiser sterno|il ZL Zo]= BN (LBP) 2] 2.5% Ao
B Rishe] odedal gholvk =hebd f# 2] Crusiser stern®| Zol7b o] pE#E(Eiol c}E == 1
#% (LBP+LBP > %0% poll elah JegD okl JL mRS TColl Fshel dejal gho A o

ol TColl mshar &3 s TColl 4 Mkl
of fEilLx FEdE zlol i Hstel Bilsl«l obrighe,

C,=TC, ~TC, x 410%9 16 ®
ob B WS 1 (BHP)
Ayre®! Mo 4ahiE H o fihidn o) A AL aaer stoR ol o] gislclh

. Ay “
E. H. P. o @

ML) M )0 EREBE o) o] AfTIRIES A M Sl HhE S k7 gholet.
Bl o) s g Dol ot fihHE D2 Q) HEAEh# (Propulsive efficiency, PE)% 75%, MKKi5
B A 5 o] $ar #Hel Sea Margin (SMYS 2005 od RG2Sl 5 MddE R 115 218

B o) irgs i ) (BHPV)Y &

— 102 —
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1SN L 10
BHPV = I)E hHPlW. EHP
O

M-S ERIRMA ¢T (Bulbous bow, BBEV & $F&l-§ e+, #5% <) Kol Fof &b,
ol & Wi J1-E Bk ArEIE ol il
BHPV — (1+SM)(1 —BBE)

A - EHP
_ 120x0.95
T 0.7 EHP
~1.520 x A ®
WHMEEE T V knotE Wl S1gE BEIE 12 BB KIS ) (HPVE) 2| 85 %ebal st
B 1 _ AV 1.52
BHP =BHPV X 15y = ¢ % §'gs ©

4. ZMEERC MEDHRER

FOHAS) MR EE S HEAK O] %—ﬁ_ EF1e) 3 Mol KR,
of M AAAHo] K ROl thEfol MEALAES] M-S FTRE B Bikolch whebd i - fol
RSl PRS2 1 BEKBUES weld e —@a s} LgEstch,

I VNS SN TR
szk ( D. )* x| VJ, ) xF, @
D HEKE V IEN F BT 1 i B R 2 : Ballast fifg

Table 5. Fuel ol consumption per day in ballast and full loaded vovage

Full Full Load It Ballast I
A 1 Displaceme | BH P , . F
-nt (R/7T) D, (K/T \’(KTS) wam D, (K/T) \/’(KTSi KT

Korea Pacific] 57,983." | 12,800 57.700| 10." | 37.° 29,050 | 11.” |35.%

Korea Rainbow| 57,983." | 12, 800 57,500 | 13." | 41.° 26,110 | 13.* |32

Kimhae 67, 507 15, 000 68,500 | 11.™ | 37.° 35,400 | 13.* ]40.°

West Junori 126,953. ™ | 21, 000 126,850 | 13." | 83." 58.250 | 4. |58.7

L, 29.05 0 1L36 . - ;
35.34— k! 5770 7 1005 37.0 k1,046
g = &J_l_ ) 2_69, I r <
32.70-=k( 57 50 Jo ) 1308 41.5 k-1.172

00— pr 3540 D 1328 . . -
40, 00= g1 68 50 [ 1153 1% 37.8 k=1.228

58. 24~ p( 28:25 )¢ 14.42

2282

126.85 3o | 6314 k+=1.153

kSl P A k=1.15
b oFs 103 —
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Table 5ell4 %i= ulel 7he] Ballasthidghye] PEKE-S MEAERES) Bk B A9 ook
wheb A YERBLHERY H2 o2 fiEdhehel B RE RS 5 EATEERE Hshed
F,~1.15x | % AX WFELV (WFELV=F,)

—0.724x WFELV ®

5. MafaiRiEs® (CHULL)

fifi ol Wk ol B FHRel A M0 S ‘ﬁ?F e heES BE sEsieh 2y MERKS

S8k Froes TalAl vhxl obuisheh. MMALET- Mafk. A W RCREE. B 3 ER, Mfpel
Heked FMfeol ALHE vra, ool #uel FIRE & &eted RIS ol #ase drk,

ol’l i HEE GGEMATOl A Bk dx e 1 GRSkl Mol whel sbE 3 gt
o Bl 4 1 PiEE ibshol el gl 2 elw ol vk

A gEfel A= fifnel REEE A BIMEME Byskel BB ERIE 2 BT
Midks X7 Gxlan, osbe A2 B ks skl BBel: FES sk sbel o E Jik
ol et FEFE ALt & EHE ALES 5 2ol Lz vro 5 Beshddeh

BNl 2 fif ERAATAl A1 1980 19814 ol [R5 sk Mifoll sHeh PR #i¥te otbel Ke}h 2o
ol & TiFRZ shol Mt MANel widkchl K& 2] BB, BB R4 B e KD mEE
Yob g FRE O E sk
0.39807

CHULL ~— <5500 WSHIP +209.6691W S HIP -+ 4021037 - @
H, o] X HEERME 15000tonk) I 250.000t0n Kl Mol M8 =lcl,
CM= L2802 pyips 4o 7581 BHP 45633050 — — @
1000
{5, o} X-& BHP 50008 /11 &= 45.0008;)) BRI 7E=] g sl 4 o}
Table 6.Ship building cost BUFHE Y o EE) WS
i % i ($) W% ] B R
DIST'T T | BHP L xB xD
Prs bw B WO BB | W R

23,941 19,009 | 8,2200 146 x22.8x12.5| 6,578,000 6,422,000 |13,000,000 | 8.812,570{6.473,731
30, 303 25,000 | 10,900 | 158 = 26.0> 14,0 { 12,000, 000 } 4, 000,000 | 16, 000, 000. | 10,009, 110 | 6,959,324
33, 488 26,5721 9,000 1 167 x22,9x 14,5 10,886,257 | 8, 113, 743 } 14,000, 000 | 10, 596, 030 | 6,604,331
58, 445 46,850 | 11,850 1 215 32,0 15,2 | 11, 441, 860 | 8,538, 140 § 23, 000, 000 | 14, 915, 420 | 7,156,423
72,727 60,000 | 15,200 ] 224« 32,2218, 0 | 18, 344, 165 | 5,535,835 | 25,7880, 000 | 17, 168, 160 | 7.955.753
185, 152 1 111,500 | 21,600 | 264.5 - 0.8« 228 | 23,638,710 | 9,361, 285 | 33, 000,000 | 25,087, 010 | 9,934,622
149,697, 123,000 | 16,700 § 264. 1~ 408> 22,8 | 26,219,656 | Y, 744, 343 | 35,964, 000 | 26, 487, 580 | 8,366,335
167,273 138,000 | 16,700 | 266.7 24350 =258 i 28,919,811 | 10,080, 186 | 39,000,000 1 27 4954, 830 I 8,366,335

[~ 2 IES N e 5N BN OT0N I VG IE B S e
1

~r =]
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11.000 4
25,0001
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7,000
10,0004 6,000 .
5000
5,000
4,000 x
0 T U U Al L T T Y, w
50,000 100000 150000 200000 250000 8000 10000 15.000 20 B
Fig 3 Hull cost WSH#{ton) Fg 4 Machnery cost
6. Mt MR

FOlE Mg Beile] #Esell =hel4 1 Bl oA el o)) gt MES MR 4ol <)
o RS MEE el ek g}

fadi el MEBALE Fae Blikel BORMQl Ml A odeizbal Fiko] ok fuAne] AT
Brol obxl JEMEAYel olulell 4 fHIK O R wol = £ & ERikol ohE MBS ot Wik
o) MR &L el

ERE dod A KL mAELE MBS = = gl BHHERS BES B o
g s S MRS Biel A’ EEMHER A et

A Grol s BABERTTS 49 FI KA A -2 158, KRMS 127, b e
Fo @i Uon® oo w22 el NSl MAEM) Ak =) HE QL B
FEMEE S 10%2 3l

%S RDEPe} shad
CSHIP(1 —RDEP) "= Ls—llz)’—lﬂ

RDEP=0.1201

Table 7. Ship’s life and depreciation rate

w A F R 0% 11 12 | 13 14 15 16 17 18 19 2) 21
e A k| 20.8618.88|17.46/ 16.23] 15.17 | 14.23 | 13.40 | 12,67 12. 01 1410 10.88 1 10,39 9.94

Bl
(8

N&-2] MEM A4 (ADEPN)
ADEPN=CSHIP (1 -0.120)" ™" 0.1201
NI F2 2] #8027 858 (CSHIPN) &
CSHIPN=CSHIP (1 -0.1201, oo o — 5
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Ship’s age and its value (Ship’s life assumed to be 18vears,

(A

3%
[

3 b i

1l

13 15 |16
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ERXA

frns.l

bl 4| 52

46.4140.8 | 1.

.00

19.0 712911
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1981VIERE A 8 Gl /F sk el
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Fig. 5. Ship's age and its value (Ship's life assumed to be 18 years)

®

A A -

Llsbin Wy 27Fo] AeRishe I B IR bk ek

AL

Table 9. Crew cost (BT 19805 WAL S
& A ES A E - ot | ey g | seown R W upman | oA
- R | A B FOE | HEG | et | A Wi e | 0 it
W | 2 [osms| a9 657 ] 28| Lae0] 3128] 3285|5505
VBl | 3 |23 w3] 1aw4| 5.966] 2544 L292] 2983] 4.®27] 56599
omt - | 2 | 9.737] 3319 2435| 89| 8| L217] 3285 2L 440
340 - B | 2 | s3] L1 28| 62| 519 Loo3] 3285 1820
B b 3 |17.057] 3.914] 4291 Lao] Loz| 2ur|  4ws|  suse
Tk A 3 13207 3500 so04] Loi7] 7| Les2| 498 28 43
F ik B| 4 |1697] 2359] 424] 120 W8] 217 650 3639
OB A 4 16,429 2,211) 3,87{ 1,125 N0 1,99 6, 570 32,021
oWk B | 4 | 1480 2.083| 3720 Loss| e8| Lsso| 6.570] 31,066
it 27 | 145.011] 48,330 | 36,253 | 12,464 | 8,459 18, 126 | 4438 | 314 %5
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8. Mtk N HRRSIZR

o) EREBRE BRGHE AL el fRiel U 27 alRell b4k ol RIMIS shubel
ot

B ASANS] AT Y BERE MO R MEE ML BN Mol B s gl
o B Y MG % S WHUL fERQCL

ROl BUAS ) MRSl BHL Y U Hebel T plol ARt WHskel

A Bjeol A BN GBI ] BG 540 LISl 11 ] SR FORL obsl, MRSl AR
BEE 24 ahi OB R 79 804 2fEiES] S Vet 1E EEAR o
Ak Mtk BEEE B MEERT ERE o3 BMIEREE B BB ke
shod BUERES RIS @ Afksh Aol

Table 10. Hull maintenance and repair cost

& #| v e} 2t o} u} A ot 2} At 7t
& " 5 6 6 9 11 12 13 13 14 18 19
WDWT 31,775 | 31,972 | 31,972 25,633 38,913 37.236| 5Z,1896| 15,532| 17,187 48,927 | 25,358
LAY 3t g 9,261 13,613 12,849 | 24,886 | 23,246 | 34,834 | 43.443 | 37.668 | 33.416| 36,258 26,796
STEBEER | 9722.7 [14036.1114036.1 | 22616.0 | 27440 | 29402.5 31681‘7T 30312.8 | 32170.1] 39936.3 | 40441.6)

CHMR (Rt 4%) —7881 (- WOWT oo (4 jomm ®
100 (N=5)

Table 11. Machinery maintenance and repair cost

L4 B v e} eh o} u} “ o} 2} 2t 7t
L4 4 5 6 8 9 10 11 12 13 13 14 18
B H P| 7.200] 86%| 6710 55%0] 7.200| 8110 7.980| s.100]4.070 | 3.640] 7.920]
WWBETR | 21,608 | 29.080 | 18,490 | 58,069 | 99.406| 54.243 | 81,279 | 101,368 | 87,891| 77.971] 98, 686]

SPEBERER | 17820,8 [ 29041,1 | 45700 | 52427 .6 | 60622,6 | 67986.6 | 74387 | 807861 | 76628.,9 | 81476,8 |108570,7

_ BHP oom g 4y om ®
CEMR (BRER &) =15270 ( 75 ) (N—4) NS E] Y

B 4F LUTF #F 2 BMBREs 54 DLk el Rl A #k el HE Mt
shel HeEHy AEESl e A5 & ek o Jikel «hE e ftkEnit-

— WDWT o 036 . 4529 5
CHMR 7881(——«——100 ) / (6 ~N)"® o—— (¥
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Table 12, Huoll maintenance and repair rate when 5 vear old ship assumed to be 1.0

'Hu‘ s 1 b4 3 4 H 6 7 8 9
fs P 1% )t 0.427 0. 480 0. 559 0.693 1 1. 443 1.788 2.082 2.343
it o 10 11 12 13 14 15 16 17 18
B A It 2,580 2,799 3,004 3,197 3,381 3,555 3,723 - 3,884 4,039

F ) 1 P o 1= .
CEMR = 15270 ( BHP )/( 6 -N)"™
‘ " 1000

Table 13. Machinery maintenance and repair rate when 5 year old ship assumed to be 1.0

s W 1 2 3 4 5 6 7 8 9
% %t 0.333 0.388 0.472 0.623 1 1.605 2.118 2.578 3.002
" W 10 11 13 14 15 15 16 17 18
= B Of t| 3.400 3.777 4.138 4.485 4.819 5.144 5.459 5.765 6.065

9. MAEIESE (COTHER)

i ARl G, leah, ARSI, ARG 2 MBS AMMEES 5% W
skl vt

dTREAR Ol B PRS- BNAIE EED MU Jefilsh Ao mob, WEskE K-S sk
shan olond o Al RBETECMA Sl A ELBZE Aol B sk HELEE MRS o) U o)
WES e v Aol Zigskeh

BN &k el b EHtell A

Table 14. Cost of fresh water, stores and etc.

;«T—m LB D m: Bip a:——xl%)(%\* b (B A seinis: | /a8
169,69~ 23.35 < 14.20 | 11,200.0 | 7.264.0 5.000.0 | 12,2640 | 116.623.0 | 9.509.0
169.09 - 23.35 - 14.20 | 11,200.0 | 7.264.0 5.000.0 | 12,2640 | 109.116.0 | 8, 9010

172,04 25.40<15.50 | 10.600,0|  8.297.0 13680 9.665.0 | 120.489.0 | 12, 466.0

D | 147.30 2280 12,50 | 8.400.0] 6.034.0 41320 | 10,1160 | 123,167.0 |12, 1140
[ E 191222705 < 15.01] 15.300.0 ] 9.195.0 56100 | 14,809 | 188,819.0 | 12,7500
o 12,0000
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COTHER=12000{< CN_ 4,  BHP >*}

1,000 1,000
- 0.5%6WSHIP %, ,BHP .3
= 12000] (LSBNSHIP o, (BHE 5,
-84, 9856WSHIP*+120BHP*—————— (0
{H, CN = *LT[(%)’ ({8 L, B, D1-ft) CN Cubic number
10. # & (Port charge)

el Ao fiAo) HEMS A, GRSk el A 8k -b)e] fi ol o).

R 2 MY, E 4ol (Line handling charge), 24l 71 (553 % &8 FRFt
AEEvk ojeld WA MR GHEeboE 2ogho] thER R e Filik (1981, 2)-% Hdsslo] g
s Tiiskadch

@ # ¥ (Pilotage, C PILOT)

EH Y R K ¥ EHRERG Ko FiERol Eske] Alrk

HAF e EAKEL KK3.0m (10/8), ALK 1000tonol] ¥she] 378, K 1 f£1(30m) i
el ReARE 2 10%, ALK #E 1000ton Hifnol o4 HAKEL 10%E MMESH, 1 K
fkFioll = 30%, &= 50% 2] EIRES @l

1 Sbell Pilot boat & BINE TE3EL}

CHEfE: RITH F2ME L2, 800 2, 1)

Aol A= FAFIRS 4082 S BIATRES| aTHEMES AHIBE J66) Full draft® Biggho.2 4

ol & WRIREI= Ao & o)

CPILOT ={ 40+ 4 ( WET L1000 4 «10))};»( gl —— @

2, o714 He feet
A KL FIHsh kM 18% el BHFE JtRehd b3k 2oh
i, WGT /WSHIP+= Table 1 &

o

Table 15, Pilotage

% ] A B C D E F G H 1
WORIP 1 21,490 | 21,606 | 25,337 | 34,220 | 49.077 | 50,026 | 63,016 | 69.141 | 72,103
H (m) 9,200 | 9,376 | 9,895 | 10,124 | 12123 | 11,025 | 12.425 | 12,086 | 12,398

MHH (S0 ] 6305 | 6413 | 6963 | 7759 | 994.0 | 943.6 | 11160 | 1144.9 | 11838
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(4
Him) 13,073 1 12,873 14, 093 15, 86Y 15,629 | 16,742 16, 031 16, 921 17,529
HESK 1S L 13128 i 13517+ 1469.2 1788.9 1806. 1 1882. 0 1860. 3 1939.9 | 2045.5

& Al 1 K L M N 4,0 p Q R
— % ; ‘
WSHI 84,305 | UOBTH | O7.K04 | 127,638 131,545 | 1338511 135,893 140,220 | 149,890

S) MRS A 2D R O I She S TR o B s ob S 4ol

CPILOT  /0.2195 < 10 “"WSHIP'  0.5149 < 10"WSHIP + 0. 1414

C10WSHEP © 35730 v 4 e 1))

D HERENFC Wharfage, CWEG

MR 2] BEREEUTRE S MO TS BRI o)sled RXIH )

AEMULRET Aol ol EBEARR - IR 10tonol] tHdbod 120N BEEEF S w) 0.33% 0]
m VA 0.668 / VUL o)),

wpehd FERATITH (CWEFGY A= vb-&ak ko) Pl slc)

C o WGT Wh W

W FG =0 .b() ” W‘ié’“‘ . Wt()_ 4 erTI: ! $ / vovage
- ' Q{?@WS_H_]MP‘ N WP . wp I
=066 10 ! WLO f WUL ) -

3 # # K (Tugboat charge, GTUG)
Aol hiEreol v AR (i shedok abef MU METT ol (KEE MEARIKDR obulel pr)

Table 16. Tug boat charge. EM R IT . 80 2)
LN Al AR (B / hr) | & 4 05) f 42 0 S5 K fis £

1,000,0 | 2

100 S TP R B, F. 0. &S gita
2,000,0 L ) N 239 she},

2,500,0 217 271

3,000,0 245 306

3,500,0 272 340

MaAn ol mEfER Ol ArEisli- QAR 2214 DW, 10,000 tond 10ton®] Wit M &N lEs @
s 10008 foll g%E sk R el sk,

paanel gire el Bl ATE s - TugPIHBEITS- FF) TR~ LS 305 BEolv g of v 4
¥ lHffil o2 tEstel

B Lol A W 1000HP /hesll 1508 2 Wol ffikHiGTUG -

WDWT
10000
GDD -WSHIP

ML A “150 4 0]
10000 150~ 4
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@ it AR (CGUD)
JEBEIE HETT ol ek 6 AR S 0.328 /ton, BEIE®S 0.195 on?] EWIE AdkEE S
Heka gl
Kigel 414 o] FERD #iH AT 0.25% /ton o iFE ekl
CGUD—0.25<WP x2 — e
5 RIEIEE 9 L #fSH#E (CETC)
wianel 1{E#koAl Adkshol Mk w72 (CHIESE, CAEAE, 3o I8M. 2 EWE %
WLk Bl Sob ol #rskel LM#EIE 15008 2 SRS 4 oolv)
CETC=1500x 2 @
A2 ~®E 8k gtol ## (Cpory) 7H=lch
CPORT=CPILOT+CWFG+CTUG+CGUD+CETC —— - @7

A
&9
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