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Development of Ship Performance Index (10 mode at Sea)

by
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Kunihiro HOSHINO, Yasutaka KAWANAMI, Shigeo OHMATSU, Kazuya SHIBATA

Abstract

In the face of a growing need for reduced emission of COz from ships, which is equivalent to better fuel economy in
ship operation, a simple and user-friendly index for ship performance evaluation alongside the technique has been
developed.

This newly developed technique results from a practical and brand new approach in combing a numerical
calculation with a simplified tank test, striking the balance between the costs to be incurred for the tests and
expected accuracy.

The technique has been validated through tank tests conducted by major tank organizations and the numerical
calculation by major shipbuilders. The data obtained through the measurement taking place onboard the
commercially operational ships were also used to verify the evaluation technique. It is concluded that the evaluation
technique developed is deemed as robust and valid.

It is strongly hoped that the index as well as the evaluation technique will contribute to the increased construction of

ships with better performance in actual sea and to the promotion of ship operation resulting in less COz emission.
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BEAUFORT FORCE &
WIND SPEED: 22-27 KNOTS
SEA. WAVE HEIGHT 3-4M (8.8-13 FT),

LARGER WAVES BEGIN TO FORM, SPRAY IS PRESENT
'WHITE FOAM CRESTS ARE EVERYWHERE

BEAUFORT FORCE T
WIND SPEED. 28-13 KNOTS

IVE HEIGHT 4-5.5M (11.5-18 FT), SEA HEARS UP.
w—mE FOAM FROM BREARNG WAVES BEGING TO El—
OWH 4 STREAKS ALONG THE WIND DIRECTION

Fig.3.1 Beaufort Scales and Weather Conditions®
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Fig.3.2 Studied Vessels of 10 mode Index Project

Table 3.2 Principal Dimensions of the Three

Vessels
. . Container Bulk
Kind of Ship . PCC .
ship Carrier
Length between
perpendiculars Ly, 300.0 190.0 | 217.0
(m)
Breadth B (m) 40.0 32.26 32.26
Depth D (m) 24.0 32.0 19.2
Draft d (m) 14.0 9.00 14.0
Block coefficient Cy 0.65 0.55 0.85
Lyp/B 7.50 5.80 6.73
Bluntness
. 0.056 0.077 0.39
coefficient B
Engine output NOR
50,610 13,530 | 8,160
(kw)
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H, wave height
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N, yaw moment
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Y Y

Fig.3.6 Coordinate System
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Rtw = Rt + Rwind + ARwave + ARh + ARr (3'2)
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Yw = Yuing T Yn +Yr (3-3)

Ny = Nying + N + N, (3-4)
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Ny, =0 (3-7)
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TIT. W FAHEEREOADERECTH D,
Fh. l-wo S (V) OREME LTUTOL
B ERHET D,

1-wy =Cyo +CV (3-15)
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FS NS T R D A2 I I ( AV perage) 1+ B %
R - A 45° AR TR LSA . Miko
AN D . KRS K0 BET S,

AV erage = %(AV (0°) + 2AV (45°) + 2AV (90°)
+2AV (135%) + AV (180°))
(3-17)
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TuaRXTHES (X)) X, FARkBFOTa AT H
MWRBRICE D, RO LB FAKRE T 1T HE )15
B O(Ky) O ELTkRkDD,

Xp = pNp?Dp K (J) (3-20)

PP DT T HRE (Kp) 13, e
D3REBTHRBTELT &b, ATETEHK
(J) OFEKELTUTDOLEEYRHAT D,

Kr(3) = Kyo +Kpid +Krpd? +Krgd® - (3-21)
5wty
B NpDp (3-22)
Eo. 1-wp (3B-15) K & AR IC kTS,

1-wy =Cyo +CV (3-23)

3) BUCE D HEE— A |

FUCE DB E— A N ( Xying » Yaind » Nwind )
(N FHBEICLYVRAINL, O/
( Cywind » Cywing » Crwwing ) 22 JEVIR "C 0D 78 3 B s SR
I A KRBT 5 ER CTEB L BRI

HOE Ham FES (P21 ) Al

Tl
S
E=m
=

©

XWRET S,

1
X wind :EpaA‘TCXwindUr2

(3-24)
1 2
YWind :EpaALCYwindUr (3-25)
1 2
N yind :EpaALLOACNWindUr = X6 Ywind (3-26)

I, pyt ZEREE. A RHEARBLAE X Y
L O RO EE R S, A FFE
R K 0 E 0 TR R 0 ) 4
B, Coung® BUERTH AR, Copng® JEVEHE )
3. Cyng© MUEBEAE — A > ME%. U, :
KR, Lot 2F. xg: BOOME FHLE (7
EL. ERREVEIFEZELTS) Tho,
WX (U). WX (5,) 12, BT 0@
Yk BB,

U =V2 4 Ui + MUoing 0087 = ) g 50
3 Uying SINy +Vsin g

7, =tan
U ying COS ¥ +V C0s 3

(3-28)

T I T, Upying FHEGE, y SEHREATH D,
JEEHHT (Ryjng VT LT D LB O RD BN D,

Ruing =X wind (Vw'ﬂ'Uwind 7) (3-29)

. 1.
Ce COsy, +Cy (sm re=5sing, cos? y,j

Coxwind =1 . . 3
siny, cosy, +Cp g Siny, cos® y,

Fxu (7r =90°) + Foe (7, =907)

(rr #90%)
(rr =90%)
(3-30)

Cyuind = Cer sin’ 7,
1., .
+Cy,,| cOSy, +58in’ y, cosy, fsiny, cosy,
(3-31)

CNwind = I-NCYWind (3-32)

El, HREFIUTOLEBY,
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A C
+fy——+ P — <90°
P+ Pu LB B Lon (7 )
B H
Cir = Pao +ﬂ21L_+ﬂ22L_C
0A 0A .
A (7, >907)
+Pu—o+Pu—y
Loa
(3-33)
A Ar
S0 + 0y L+ Sip (7r <907)
LoaHer BHge '
L Ar
Cyy ={%20 +0xn H +522A_
oA Br L N (7, >90°)
+§23 L +§24W
0A BR
(3-34)
B .
510‘*511%‘*512? (7r <90%)
C._ = L 0A
ALF Aop )
S tén, = {7y >90°)
L
(3-35)
, o Fu (7 =80°) + Fiy, (7, =100°
Fiy (7, =90°) = xu (7 ) > xu (7 ) (3-36)
, o Fle(r, =80°) + Flr (7, =100°
Fi(y, =90°) = A (7 ) > ar (7 ) (3-37)

, . 1. .
Fxu (7:)=Cxy (S'n}’r _Esm 7, cos’ 7’r]5m 7r€0S7r (3-38)

Facr (7) = Cae siny, cos® y, (3-39)
_ Her
Cr=ap+y - +a, _LOA (3-40)
A
Cyui =7—5+Cyy )
OAZ (3-41)
710 4‘3’11i (7, <90%)
CYM — LOAB
o 3-42
Yoot 72 AODZ (7, >90%) ( )
0A
C T
Ly =0.927——-0.149 ., — —
N R (7r 2] (3_43)

22T, B:oiE, C: RS ER oMl
BeEma (A) ORLE ToEEE (271, Mk
R L VEIFZEE T D), Agp: K LA 5
FIZBIT 5 EHEwoOHE a7 —%7 v
X EEREW O, Heg: KM b LEMEEY (7
U D) K EHETOBHS, Het KEMD EFEo
MEHEEEE (A) FTLETOHETHD,

(228)

Table 3.3 Coefficients for the Calculation of
Wind Forces

aj 0.404 0.368 0.902

1] -0.922 0.507 1.162

ﬂ..

12| 0018 | -5.091 | 10.367 | -3.011 | -0.341
1| o0.116 | 3.345

Vij
2| 0.446 | 2.192

o L1 0458 | 3245 | 2313

1ol -1.901 | 12.727 | 24.407 | -40.310 | -5.481

| 1] 0-585 | 0.906 | 3.239

2| -0.314 -1.117

JBE S KON — A v b OHEE T MR
Table 3.3 ZfEHI 5,

4) WiZk BN

Oz & 2 HEHiH M

WA X DB (AR ) 1E. D Fm ALY
N7 & (E) &M PHBTHIIN O 8 3 55062 B 2%
(Rype) PMEHERNADEIZEY, kRICLVE
ET Do

27T (0
ARwa\/e(\/)=2j0 Io WE(w,a)dwda (3-44)

SIT. w0 BRI AEE. o f L B
Lo (AlEE 00 LT3). £ AR EEE
b5,

BHI T 0 PRI (AR, eV, 8)) 1F B
D%, KEPSHET 5.

ARwave(\/vﬂ):ARwave(vcosﬂ) (3-45)

@B AT L AHHTHN

R P AN (R e N1 E . FHEIC L D RO S
AT M R B 1 X 2 BLHTE R PTIEIN (R, ) (2.
KAEHBRIC L VRO OEN DB EHEAL THA &
DA X 2 BN Ryt (R, ) &M
ZTCKRDD, 2L, ROBENHIEHE (90deg.
<a<180deg.) TITHLANM FIFIEMIT 0 & T 5,



g Eaefr e e pT IS

* Rur (3-46)

wave — Mwm

4-1) My PAHEENC & 2 BLANEE TR BT N
iR A B 1 2 2 BRI P RO I (R, )1, IR
KR THEDOEHR VNIV KD D,

47[;{— J.m3+ Jm JlH (m)l2
(m+KyQ,)? (m+KCOSa) dm [Q <1j
Y+ Ke,)* —m?K, 2 T4

me =
4,,p(_ [ [5 ]|H(m)|
—% my ¢my
2
(m+K,Q,) (m+KCOSa)d [Qe >lj
Y+ Ke,)* —m?K, 2 4
(3-47)
o N ®°
Q. =——,K=—,Ky=—, @, =0+KVcosa
g g %
(3-48)
- Koﬁ—zgeh/l—me)
e 2 (3-49)
- Koﬁ—zge—,h—me)
2 2 (3-50)
B K0(1+2§2e+,[1+4£2e)
Ms == 2 (3-51)
__K0(1+ZQE—«/1+4QE)
‘e 2 (3-52)

2T HmM): e R RRASMICK Y IRE
6Fa'§fﬁﬁtf%éo

4-2) RS IC X 2 LAY b B
BRI IT 5 LR BTN (R, 1% . sk
DMz LR B,

1
R = 200,88, 2,1+ C,F,) (3:53)

%12 (K d)
717 (Kod) + KE (K d)

% = (3-54)

Fok Fams FES P21 F5) il 11

(3-55)

B, = %{jsinz(a+ﬂw)sin Bl

+Isin2(a—ﬂw)sinﬂwdl} (5:56)

ZIT., By 7“?‘/%4"Xf%i&\ ag @ BROKJE B
B BREK. C o MERBEK. F=V/[L:

= R L, ﬁﬁ?'ﬂﬁ K BRI i %
H1AE L Yk%éﬂ%\yt/v%a%n Ky 85 2 1 WT
Wy LB, B, KB O ER A
LI :Fig 3.7 IR HA#E TH D, 2B, By <0

DEEIX, B =0&T 5,
a; ~~~~~~~~~~~
=== X
M____ /2/' a T
--”““‘--N«-________‘w waves

Fig.3.7 Coordinate System for Wave Reflection

R B E (Cy) F, M (a=0) TOHRHI
WP HUINERER 2 5. kAT K vk 5,

Cy (@) = Max(Fs, F¢ ] (3-57)

(i) Bi(a=0)<By .

AN
=

F X Bi(e=0)<B, D%

Fs =Cy (@ =0)-310{B, (@)~ B; (@ =0)} (3-58)

Fe = Min[C, (« =0),10] (3-59)

(i) Bf(@=0)2By | 73> Bi(@=0)2Bs 4

Fs =68-310B () (3-60)
Fc =Cy(a=0) (3-61)
-z BfC=5—8, fsz—GS_CU(“:O)T*z%)Z)O
310 310

(229)



12

4-3) W BB A SR 6D D KAl A R

T BMR A A R 0 D A RBRIC BT o T
IRHFHRPUE I & o 2 BICHA T2 2 &b R
BRI E MR WNIGE B RS R ADFER E OB T
NS BHREEOMRANE /R b —
J7 . B E N @ WSS WK BIABE O IERIE
BgnE L, RBRENEDbs CLEW, #Y 2
MPAITONR N EICHEETOIVNERH D, 2072
W, BRI EIE, EMA S —L T 3m IS T B8
A DfE &3 5, 7272 U, BT 05 BR B 0 o i 49 %
W& BEERMIZTFRE LCHREMER] 1/100 £T
W ERECTE S,

R R T OB PTHE N S BTN s £ T
HDHZENL, HERBORBRER (0.5L, LT &
T5,) O 12K L CKERBEEITS, £2. §F
WAL EE L. RESNT-BREETTREHE SR
HZEM N W ETH T — FEOHMN S 3 FEEDL
Fo#ESTITI,

4-4) KRB B U AR B 00 B

U BRE (Cy) . AKHIEEBIC XY S
IR (RDT) &L A B SRS
SR IS < W P IRFN (Ryy) %I,
I 0 B B R D 5

CU Fn _ RE:,z(Fn)_me(Fn) _

EPQCaZBBfad

! (3-62)

B D) TARERBRZITWE ST CyR 12D
WT, 74— R (F) (Zxtd 28/ 2 RIEICXK
D, HERELE (Cy) ZIRAEZEBDEMOME
LLTkoD (Fig.3.8 M), 7L, 71— F
IR 217 - 7235613, T O E %
LCHLNECUF, DIEE WD,

CU I:n
A

> F

o H : : > F,

Fig.3.8 Relation between Effect of Advance
Speed and Froude Number
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5 BIC LB IR RE—AL b

RHILIC X D HBUEIN, B KO E— A 2 b (AR,,
Yo, Np) o iE. BORGKERES A IO A BB D
TWHETHRBALEZFERK OICLVEET S, 2B,
BHTES L O RS 18 b oo 7= o | HRBHTLRL A 1 I3/ N ERE L
R L 2FEMBLOHE AN W 5,

1 2
AR == oL dV2AR!
h =5 Pl h (3-63)

_1 2y
Y =2 ALapdVEYy (3-64)

1 2 2N
N, == oL 2dV2N
h =7 Plo AV Ny (3-65)

2

AR} () = RV) - RilV cos )~ cosp

Yi(B)=C\ B +Cp BlB| (3-67)

N;(B) = CopfB + Cop || (3-68)

Cyp = %ﬂk +1.9257chiaa

o (3-69)

1-C,

52.9d K, —0.12473 (C, <0.6)

—0.1700e,, g K, +1.08 (0.6<C, <0.75)
4.17kC, e, —0.4475(0.75 < C, 7oK, <0.35)
- 0.4784% K, +13 (ZOMoBHE)

Cyps =

(3-70)

2

150.668(d 1-Cy e;KmJ
B

Cop =k

—23.819(d e;ij+c P

(3-71)

2
Copp = 43.857(d 1‘Bcb e;ij

(3-72)

—3.671(d 1_Bcb e;KmJ+0.086

1 2p!
Ri=PmdV R (3-78)

L
, %(Jﬁcpa)




g B et e it

K, = [i,+1.5i— 0.33](0.95% +0.40)

e Lo (3-75)

c. _JL976 0.0133<d 1=
pO

1.802 (ZDOfhDBHE)

0 & Ko 30.0144j

(3-76)

TIT. Gyt IR, Cpt MR ULE 2D AP,
FCORMEH, Cp' RIS AP ET
DOABRERIFI T D 5.,

6) WHEIC LD WM E— A |

BREIZ L DRI B KO ' — A > F (AR,
Y,, N,) i%. #EEENORBICHEFOX 124 H
U BRI R A BRI A KRBT L BB TR
BLERX sy BET 5,

AR, =%prpdv2AR;

(3-77)
Y, = Lol avey,
r — 2:0 pp r (3'78)
1 2 82N
N, == dVv2N
' 2p|‘pp ' (3-79)
AR} =(1-tg)Cssinagsind (3-80)
Y/ =—(1+ay)Cssinag coss (3-81)
N; =—(Xg +ay Xy )Cssinag coso (3-82)
A, 6.13A4 ( _szz
= — =R [1_wge
® L, 225+ Ag RO (3-83)
% =0-7eh (3-84)
1-tg =0.28C, +0.55
R o (3-85)
_ _ 2
a, =0.201-1.3854C, +2.609C, (3-86)
2
7e = 4.0197d 1-Cy +1.9776(d 1ch" e;j
(3-87)
_ 154424 =% 5 be! +0.218
1—Wgq = 7.4406d S
pp
(3-88)

42390722 B, +0.149
LPP

Fok Fas FES CEAL2l ) Efmsc 13

. B 2
Xy =—0.0691-8.1412C, +9.6701C, (3-89)

I T Xp=Xgllyy  RRELL D DTSN E TORE
RTCHRRE (7272 L AR PR VAT 2 B L %),
Ay s EERE. Ap cHEDOT AR METH D,

3. 3. 2 FEMH

Table 3.2, Fig.3.2 2"+ a7 (BE
300m) ZxHic, ~NA TV v REFEE (Lltk,
SPICA Lt 55.) CHANMETE&2HE LAEREY
LLTFIZRT,

HEDANA RO OEERF % Fig.3.9 5
Fig.3.14 }2 (X Table 3.4 IZ/”"T, HE S N7=# 7
ERD, BEBR L OMREETNLEN Fig.3.15,
Fig.3.16 127~

eyt Ik, ERF@BFO)TOE S, BE
HRPCTOFERNMMETETHY ., 2% Table 3.5
W,

C, M5
2

0.5

20 21 22 23 24 25 26 27 28V [knot]

1 1 1 1 1 1 1 1
1 12 13 g VI

Fig.3.9 Resistance in Still Waters

Kr, 10Kg, 7,
1 . .
| | |
R I Il — — |- — — - _ |
| | |
0.8 i i i
| | |
F—— === — - |- — = -+ ===
0
I [ L
| | |
| | |
04 \ t
I — T
. [l \ [l
I R T
| | |
0.6 0.7 0.8 0.9
J
Ky 10K, N,

Fig.3.10 Propeller Open Characteristics
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1-wp, 1-t, 1
1.2
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0.4

0.2
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1 1 13 g VMl

_ 1w, — 1t —— 7y
Fig.3.11 Self Propulsion Factors
Cmedv CYwindv lOCNwmd
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Fig.3.12 Wind Forces
RAW
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Fig.3.13 Added Resistance in Regular Waves
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A RWB.VE
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— —— _ F,=0.200
_________ F,=0.225
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A Rwave
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Fig.3.14 Added Resistance in Short Crested
Irregular Waves (Upper; variation of
speed, Lower; variation of wave

direction)

Table 3.4 Hydrodynamic Derivatives and
Interaction Coefficients

Cys 0.2036 ay 0.4028
r

Cyps 0.9125 Xy -1.2753

Cop 0.0994 1-tg 0.7320

Crpp 0.0092 1-Wgo 0.4454

Ve 0.4301
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Fig.3.15 Power Curves
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Fig.3.16 Decrease of Ship Speed

3.3 AIC&kdH - E—+Y FEEEDFE

1) =

iR D SBUZR 2> & M I E ) 2 HEE S 2 W

SONORRBWNRGIEEZRY BT #EEEICLD
i R D ZEOFAM 21T 9,

RO BT EIEOR ML TICRT., Yo%

BRI E D7) F— A FRREZERBICIDE
B, ZOREPREBRT — & ZF M L 2=
WCEDHEEFIETH D,

+ Isherwood!® : 49 DR T — & i & HEE A

DINT A —F e PiE, ROICHAENZ W,
F—Z YT 1960 FEROMBFLTHY |
Kz o5 F = PCC 2 o Ui & & £ 97,

< Ly - FEHE 10 38 EOMBRT —F M, K

J bR T A
KH B D18 68 EDORERT — F M, oy

Bk HFHim

Free s PR 21 1) AiiamsC 15

Table 3.5 10 mode Index for the
Container Ship

weather |ship speed [knot]
BFO 25.88
direction decrease of
weather [deg.] ship speed [knot]
BF3 0 0.20
BF4 0 0.36
BF5 0 0.73
BF6 0 1.31
BF7 0 2.35
weather direction .decrease of
[deg.] ship speed [knot]
BF3 average 0.07
BF4 average 0.13
BF5 average 0.28
BF6 average 0.53
BF7 average 0.98
TafE 1R R A
RS (1998) 19 : 68 HORBRT — & .,

A B A R, HEENSEE R Lo A B
BUFRIHTIZ &V FHDONT X —Z 2 RIE,

BEF 5 (2005) 7 71 0BT —# M, &y
SYEER AR R, ATRC & AR, ZEREURSITIC &
D ZIHD NG A — B & ki,

2) JRJE PR O HEERE

B2 7o il 71 (NAR - X v —11, S
%% 13, LNG + LPG6, => 77 9, Ro-Ro* &
fit 15, M 3. T O 14 ; Ly, D&/NME 22.2m D
B, RORIE 336m DX U —) S L LT,
JEE S16% 50 (Cyuing s Cywind s Crwing ) P R A
EHETERE R & D E A IEUEFR 5T Fig.3.17 IZR 7,

I 2T, BEVERE SEest 1. RO T L
L. Cyurg PHEEBICE D ERANSHET S,
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Fujiwara et al. (2005)
Fujiwara et al. (1998)
Z1 Isherwood |- —
71 Yamano & Saito |
Yoneta et al.

Fig.3.17 Standard Errors of Calculation
Methods for Wind Forces

T Ns

S_EEST :\/n;lhs ;Z(CXwindij _éXwindij)z (3_90)

j=1

7272 Uy Cyuinall @ BT 1 BT £% 2 0 38 54
Cowinall * HEEMETH %, F72. n,t EIAFAHK 19,
ng: o7t RE Licio 71 Th 5,

s, BB 5 (2005) D IR R b R HERR 24
DS WERHEN D, JBICED S - E—RA |
DR EEICHEIR (20050 Fikz AT & &
L7,

3) JEE ) £ %5 o 1 F B

Fig.3.17 OFE RO | HEE R D B AT 72 BRIR &
D J71:(2005). Isherwood. (LB « 75HED 1L T
JAE SR DE R A24T - 7=, 5T, Fig.3.18
ZRT Ly 23 216m O3 T T ThH D,
B AE L SRR R o ik 2 Fig.3.19 (12T,

Fig.3.18 Projected Lateral Area of the
Container Ship
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Fig.3.21 Hydrodynamic Force and Moment in
Oblique Motion (Container Ship)
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Oblique Motion (Bulk Carrier)

(236)

0
-0.001
-
< -0.002 r
. o With BK
-0.003 . = Without BK
-0.004
-8 -6 -4 -2 0
B (deg)

Fig.3.23 Difference of Hydrodynamic Force due to
Bilge Keel (Container Ship)

WAZ, WRAR ) o HE iz 2o HE s FE S AT 5 i
B D RAHEHUC R T HBIZ OV TR L 72,
Lz L ToATER L, ABRMEREL b LI
RHILA O ZAEIC X 2PN O EIE & Fig.3.24 I
FKRL, BLETARBTRLEFEICLVEREL
TR b RT,

AR X} cos-Y|sinp (3-97)
Ry C,
22T, Gk PiRETH D,
0.6 ——| = Fn=0.1
= Fn=0.25
0.5 Cal (Fn=0. 1) ;
0.4 1 - - —cal(Fn=0.25) e
€ 03
3 02 Y r
L
0.1 3 N o
0 : =
0.1
-6 -3 0 3 6

B (deg)

Fig.3.24 Ratio of Added Resistance due to Oblique
Motion (Container Ship)

b, RHREMERBFERO -2IR, FE
MRS+ 72 RE TR CE 2 2 0B 005,

3. 3. b ERBPERENETEDFME

1) HE%E

BRI T OB NI SV T, Bl R E RIS
LB ERBIE L D—HNRBL RN LD,
Bz 35 < WP HE EE 0 ETE 21T 5,

2) B 1T S < PR AR BT
ORI 55 < BRI (R, ) 12, 75
FARH (By). WRAJAWEO I (o). M




g B et e it

HHEIE (l+ay) WCEVHRSL, RO EBEY K
LoDy (R

1
Rur :EpggazBBfad(l+aU) (3-98)

ZIZT. opl WAREE, g mEMME, 0 AN
WIRIE, B: fECTH 5,

2-1) WK JE i 5k B

WK A B (ay) 1T, §FIE U 72 8 S0 BE ({8
SEHHFED 2 F|HOLEET 280 V& HIC, fiE
THMMICR LT, HEEERGHETELI LD L
LCHHALY, kOoLBVFETSNTE T,

%12 (Kd)
Ay =5 2 (3-99)
7717 (Kd) + K (Kd)
TIC. K BAIEOMHE, d AL 1 H 1

i1 RERS BB, K B 28 1 RERAN
yE VA TH D,

Fo. BB DMK E 50%IE N & EF
fi%4T 9 HE2DHRD LBV RENTVD,

B 7?12 (1.5Kd)
%17 (1.5Kd) + K (1.5Kd)

% (3-100)

T D OHEE ISR U AKE BRI LTI,
IR C O BTN O HEE IR BRE & B v —
ZARTHOO, PEHEERICH LT, Ko
Bz @ sncng 9.9,

T, BAKEELSETHRIRE LD AN
PRWENLEERRL (2T AL Sy U T
A7 : Table 3.6 & O Fig.3.25,Fig. 3.26) (2 L v |
A EB ZE T L72T 4 7727 v a REETOK
BRI X 0 KRB EBORE LT 72 9,

KA BR O fE B & Fig.3.27, Fig.3.28 [Z7R~7,
KRB OFE RS BKE R EIL, 1tk
HERIC L, LY EEREMETEEL WD D
&L BUKOREAD IR LT, fEkOHEERD L 9IS
WELRNWZ ERRENT,

Fok Fas FES CEAL21 ) E#msc 19

Table 3.6 Dimensions of Sample Model Ships

e G i ;’V‘;;;
i R (m) 5.5 5.5
A iE (m) 1.0 1.0
it B2 7K (m) 0.35 0.35
ek 2 8 (m3) 1.113 1.377
7T R AR 0.056 0.382
%ggéﬁé@) 7.5 7.5

Fig.3.25 Wall Sided Model (Container Ship
Type)

Fig.3.26 Wall Sided Model (Bulk Carrier Type)
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Fig.3.41-d Decrease of Ship Speed (Z,,=300m)

Table 3.8-a Decrease of Ship Speed (Z,,=150m)

N
BF oV [knot] v

ref
BF3 0.00 0.0%
BF4 0.00 0.0%
BF5 0.02 0.1%
BF6 0.12 0.5%
BF7 0.58 2.6%

Table 3.8-b Decrease of Ship Speed (L,,=200m)

N
BF oV [knot] v

ref
BF3 0.00 0.0%
BF4 0.00 0.0%
BF5 0.01 0.0%
BF6 0.04 0.2%
BF7 0.15 0.7%

Table 3.8-c Decrease of Ship Speed (L,,=225m)

N
BF oV [knot] v

ref
BF3 0.00 0.0%
BF4 0.00 0.0%
BF5 0.00 0.0%
BF6 0.01 0.0%
BF7 0.04 0.2%
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Table 3.8-d Decrease of Ship Speed (L;,=300m)

Y
BF &V [knot] v
ref

BF3 0.00 0.0%
BF4 0.00 0.0%
BF5 0.00 0.0%
BF6 0.02 0.1%
BF7 0.10 0.4%

Tn L0 R R RES) 2 D < PR
Mo 7E(10%) 2 FE . BF6 (A - ) O%5d
OENKTRERIZEZDEEE, MEZE X TR
L7=fER%2 £ & T Table 3.9 IR 7,

IS ER 150m TH K T DOER 0.5%
THHZ e, ME 150m BL ED K& 2T
F IR CARFIENE A D 2 E R R E T,

Table 3.9 Effect of Accuracy of Rawm on
Decrease of Ship Speed (BF6, heading

weather)
Ly, [m] &V [knot] \?V
ref
300 0.01 0.0%
225 0.02 0.1%
200 0.04 0.2%
150 0.12 0.5%

3. 3. 7 EHESOFME

a7 GIRE 300m) % xSz R R KPS
I (Wind), i & FFHE B I (Wave) 238 71K 12 5
ADEBERADL-O, REWSR (FE - mE)
TN IO FEE . 20 L EOFAKRPIRGL A
100% & L T# L. Fig.8.42 12777 20,

InoEnb, MoV A XU, RN
KIS 5 Z LTk, AT ORI RN R
22 EWynD, Fio, FERPEPUEMEZ, BE
EH e _C, flc ks, HAOKRT
ICRERWEBERIZLTWDL I ENDND,

3.3. 8 M TJYy FHEZOREHEA
TR TOMER FFREZTIICHIY | HEE

T 7T NN T e T NS D5

ELLHAEIN TV I E2ERT 5720, v

HIZ D W TG R AT ) 2 & &2 D,
TOYE, Ta s T AOEN L LK T O

ERIZOWTHREHZEDDMLEN D DD,
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Fig.3.42 Components of External Forces
(heading weather)

LUF O Rt 2147 - 72 29,

(1) BEEORFMIZ L2 RIC X DM
R T v 7 Z N (4P 0 SPICA) 1T XY fif
WTFEZEELBRE., KERBRICLE
B Bk O RPN & O E 21T 72 Wit FIE
22) (PLF., No correction &= 9.) (2L 0
HK TR E2EELEZERLE O

(Fig.3.43,Fig.3.44),

(2) KEHEACRET L2707 T 4EDHE
BEENA RTA TR TANAT Y v REFRE
W, BB CRAET LT e T ALY
MEEKTEZEE LEMERE, BT 7T
L (SPICA) I LV Ik FRZHE L7
Rolhig, 72720, ARRERE R I3 EHIR
TEMEEFCTEM L-bo 2B THEHT 5,

(Table 3.10)

THNMBLUTDZ ENnnDd,

(1) ARMERBRICE 2 EEREOBRGUEINEOE
IEDOFMIZ LY, BF6 [AJA - A% T i
TR (AN ) TR 1%DENREL, 2
DEEHFET D LT TE RN,

(2) BETA RTA LRI AL T ) v REHHE
HBEITHEN A T EE T RO FEZ{T -
=% 6. BF6 [AJal « [ T o s K T =

(AN, ) OEWIFE0.5%LL FRETH
Do



g Eaefr e e pT IS

RWBVE
4pg¢ BIL, F,=0247  a=0deg.
4.0

35

3.0 f{é\%

25 ; ' \

2.0 / \e
15 f\/,'" \
10 /Z / \\o
05 ’&‘_i_.j / \\ N,f

0.0 0.5 1.0 15 2.0
AU,

SPICA @ Exp. (3m length model)
-------- No correction @  Exp. (6.3m length model)

Fig.3.43 Difference of Calculation Method on
Added Resistance in Regular Heading

Waves

UEomi»s, BEFHE T v 77 L4407
077 LEEATOHE BFET 7T NIIH L,
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Table 3.10 Comparison of Computation Code for Decrease of Ship Speed (BF6, heading weather)

9 &

B4y RS CERk 21 F)E) &

w29

V [knot] BF3 BF4 BF5 BF6 BF7
27 v v \ 4 A\ {
26—

24 \\
23
22
0 1 2 3 4
H[m]
SPICA No correction
0= 0[deg] —mM— -
0= 45[deg] ———— @ .
0= 90[deg] ——mM -
6=135[deg.] —— -
0=180[deg.] ——m8M— oo

Fig.3.44 Difference of Calculation Method on
Ship Speed in Actual Seas

No
4 B SPICA ' I i v v correction
AlL
PP 0.3 0.5 0.3 0.3 0.5 0.3 03 0:5
(3 BR ) (V)
Vet [knot] 25.88 | 25.88 | 25.88 | 25.88 | 25.88 | 25.88 | 25.86 25.88
V,, [knot] 2457 | 2458 | 2456 | 2459 | 2466 | 2457 | 24.58 24.84
AV =V =V, [knot] 1.31 1.30 1.31 1.29 1.22 1.31 1.28 1.03
SPICA
|AV —AV |[kn0t] - 0.01 0.01 0.02 0.09 0.00 0.03 0.28
|AV _AV SPICA|
L 00% | 00% | 01% | 0.4% 0.0% 0.1% 1.1%
VSPICA
ref

Vg : BFO TOffpi, VFA g7 m 7 F 4 (SPICA) (2L D

V, : BF6 (& - [[) Tofprik

AV SER T, AVSCA L jERE S5 4 (SPICA) I KV EFE S MBEIKT

HE N7 BFO TOMIE
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3. 4 KiEHERE
3. 4. 1 BmKEBIZHITHMmMERER
1O, EAKHFRRBURER 21T 5 R E o

% Fig.3.45 |Z- 7, BAR OFIE TR e » NI
K VEIBAEHWVT WS, kRN, HEREALTAH
Thod, £, AR EMIE Y e LT
HEUUHTEE L TWRWESD., &5 REDR
EANIFRETH D, AL O RFALE IOV T, A
BT ONALE, mSFMIEY v 7 MIfE s LT
b, X, KHFIZER L TR WA, A0k
DRI FE~ O GBI & BT 5720 AR O
72Dy T TEEERY FIT TN,

Heave rod
{Heave & Pitch free)

e —

Blade wheel

current meter
™
—_—

= OO0

Heave measurement
by laser reflection

o

Damper les

Fig.3.45 Measurement System for Resistance
Test in Still Water

Torque motor Surge Heave rod Wave probe
-~ —
[ e R .
oo — ool
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[ Roll « pite
= Shaft height - itch .

Fig.3.46 Measurement System for Resistance

lcis i

Test in Waves

Heave rod
(Heave & Pitch free)

“/ \W\kﬂ
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EHOI0)
Y
Load cell
— e

Fig.3.47 Application of Measurement System
for Resistance Test in Still Water to
Resistance Test in Waves

Heave measurement

by laser reflection

— H
Damper len

BR P RBR L@ R . Fig.3.46 IC R T EEEIC LY
Thid, THIFEICE Y K& RpkEE N E T
TOHRHUNFTREREME L o TS, AL, &2
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—EDOETHIVLRIR T MICBEIT S Z &2 A hE
T, BEPLIZESD L) M7 E—F %> THE
RMICEIR ) Rl T 5,

— 5 VEEE TORRT R L T 5561,
WSASEE 25N S 7= . Fig.3.45 [ZR 4K Pk
FrakBR O e C . BLAUR AT G IR E L 72 i FHIC
R2TCHEFEEZRETDIZLICIVFEHTETDH
%, b, EERECIIMEESN IV L
25, AR OHEEBER AR EMICEbE D 2
ERIEEOBAND REL 725, Fig.3.47 [ZMEHE
ETOAKERBREZIT) OB EZTT, 2
OEA. FAKRFRBREIT-12%, TOE EHRP
REBEEGT O EAAETHY, ZOHE, K
RBR TR OB E KIFICHEM T2 2 LA HKD,

728, Fig.3.46 X O Fig.3.47T I3 &b 5ok
B MBGEFF O R D3~ DR EBIBZ BT 570,
HARIWIR O D7 7 v 7 H¥EEZ I 1T T D,

T TR R & K R I 1 0D T\ 23
F OB HE (opy) ICRIETRELFH
N Fig.3.48 (2T, ZOX L0 Pk EHE
BA2AWGE S IR P EIERE &SI REE 5
BNDZERNDMD,

16
|

4 o mim
12 1 @ PKHAEERE
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Fn

Fig.3.48 Effect of Different Measurement
System on Added Resistance in Short

Regular Waves (/L ,,=0.3, H =0.06m)

3. 4.2 BDI10E—FHR
1) B S M

PR PRGN T & D 2 SISl T 2 2 & A3
HMoENTWD, Zokd, ABRE&ENMEVNSEE
RS E AR L OB T/ IIES R D FHA
FEEEDRERNIREEIC 722 2 &, —FH ., Bk »
BV, MARITLIAREFEDIFRGIE R AL,
ABRIEN R D Z L & | WEYIZRFHAIAT D
NN BT OIHERD D,
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Zoky, RBREEIT, EMRAS—1T BF6
DA FWEEICH YT 3m OMAIFEOME T 5,
7272 L, BRSO fE O E I L EIR X iT
THRE L CHEEMELL 17100 £ TlE 2B T
5,

2) JRAERIER 2> B S R B 0 oD B B AR AR

K
NS

D H
B B R BTN o0 3 B R AR A (Cy ) 1.
BRI (A/L,,, Ly EHEME) 2205 L FO
1 FEOWEE T, BEEOEE CTIT 5 HARRIC X
DRk BND, ZDE X, BK - FEHEEE
(aq) PITFE 1 L2y, EEEICT LMD
FhE N F e GEEBNICE S EHUEIN G I,
AR, KRR LV FH S8
RIS PR pTB NE (RE®) &0 3R S h 2 E#ic
S WIRF BTN (Ryym) Z AWV, (3-112)
Rl LV HEEBEZ R 7 L — REEICRD 5,

EXP

- R awm
C F — wave
U'n 1 )
Epgga BB oy

-1 (3-112)

3 ML L) TREHEBREIT WG ST
CyF PN T 0 HZED 7 /v— FEICKT 5 fix
N2 REICKY . HERESRE (Cy) ZRAE
WAOHEMOME L LThRkDD, ZORAK%E
Fig.3.49 lZ/R”T, 7272 L, & 7/ — RE CHE A
RBEEIToRBAIE. TOFHIMEE ¥ L TH-
CyF, DMEZ V%,

CU I:n
A

> F,

0

Fig.3.49 Relation between Effect of Advance
Speed and Froude Number

3. 43 BERIEMHOFELEY KR

NA TV Y FEFRE TS 2 BR TR N
RBRITEN RN CTHEZAEHE L TEETLHHDT
bo, ERICHEES AR, Eio, FIRE DR

HOE Ham FES (P2l ) A3 31

BAERNELN DN E I MO T, KELO BT
KB AZGET2ENO 6 REBEEERS ML, [
—Da T FTHRER AR E D | P KA R 3
1Tz 29, a7 FIEME 300m TH Y |
T E L 6.3m TH 5,

TS KA BRI &0 A S 7o PR R R N
ORBAEREEA L, ~A 7V v FEHEIEICE-S
TH AR T R&EZHE LR % Fig.3.50 (TR 7,
AR Z L o R oE T/ E <. BF6 MA - 17
HWToOHNETFE (fy) OEN0.2% (K
0.04knot) INTHH Z &M RENT,

IS DR G Z O KEEER 5 E N
BN BRI NI,

%% £ TIC Fig.3.51 I HE Y RBRICH W
2T IO TR ERT,
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Fig.3.50 Decrease of Ship Speed; Calculation
data are obtained by different ship
model basins (heading weather

condition; a container ship)

Fig.3.51 Scale Model of Container Ship
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3. b EEEMEIMEY—ILORRE

AT Yy REFREZFIH LT, O 10 £ —
RISED B BN TN 7=, WD 10 T — NEEIX,
SEARHFHE ) ERRERIER TO 10 FEO MK T
TERbEIND, "7V v REFEBEICL DRI
LA NEEFEL, O 10 E— RIEELHES
70T T LEN =SB SPICA)E LT
b 72 25

Tua 77N, FIHEOENRS T A2 &,
Microsoft tf Excel # 7' F v N 7 4 — AT L
7o ZHICEY ., T—XHIE, 1EXR ED Excel
MrEzF AT ENTED,

AT L% Table.3.11 237,

Table 3.11 System Requirement for SPICA

CALCULATION ITEMS

Added resistance

o
o
O Hydrodym
o

In short crested Imegular wives

Excel X — g v~ 2003 / 2007

Windows XP / Vista / 7

FR—FT 4 VT AT A
(32 bits / 64 bits)

T ANVER # 10MB

SPICA @ kv 7iim % Fig.3.52 127§, 22
T, 4 FEHOFHEEH 2 MRS 5 2 L8
BThd, sHEEHI.

(1) J30 TE A 3 B 3 v S s
(2) BT » =— 2 v MR
(3) FHLIRIA IR, TRk
(4) HIIET

ThbH, ANNAEHITV—27 2 — FRICEE SN T
W25, £72, WmEEHROATI R ETIE, ANI A
ZR< =0, BHEIMEEIC XL W AT — X OFBMN
T s,
FREAEFETT L LRI IN T —27 v — RIlC
WA &S5, Bz, (1) o TEA R P
WMEFHREST A & PREM AL LT, BRI
RIEE) O JE OSBRI (LT, M5 . HHIE
FHRPUE N O R EORE BB A s n b, (4)
OERNETEFHEST 2551, FRE 1L LT,
EMWEG A O RE IH#R EHT AR 2 D
S,

SPICA I L 5#ED 10 =— FfEEO M N %
Fig.3.53 l2 "3,
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Fig.3.52 Top Menu of SPICA
o ship speed G direction| decrease of G direction|  decrease of
knot] deg.] |ship speed [knot] deg.] |ship speed [knot]
BFO 25.88 BF3 0 0.20 BF3 |average 0.07

BF4 0 0.36 BF4 |average 0.13
BF5 0 0.73 BF5 |average 0.28
BF6 0 1.31 BF6 |average 0.53
BF7 0 2.36 BF7 |average 0.99

Fig.3.53 Output of 10 mode Index for Ships
(e.g. Container Ship)
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4. EMBRIC & SHIRET

4. 1 EMHEROBER

3ETHAZL DI D 10 T— FHEFHE
DIFEMFEE LT, KRB L~ LTk, 27<
EH RGO 3 & ZIICEEPEL Lo BicxF LT
EtaeExonlz, —J., 7y b HIRE
TOMREIL, ERICBILIBETCH- T, Dk
DITIEFE R 2 T2 @R O FR RN M3 L /e
L, TOHAICHKLBEEOSKLI L /D 0OI%, Eff
M OEARLE . FICZ TSR - KEDE
WTH D, Table 4.1 [ZWIZIB D PCC iz %t
THENENOERFELZ KR LT, ZZTxRL
T BRKFSEX, BF5 3L U BF6 O EHEICEIT S
BB+ 2EREE T, COEBIZR LT
HIEIT B%DOREE AT R LG Z i L T
b, ZZ T, Hw_error 13 %W & . Vw_error I
JEE . Vs_error I EIC T AFAEL EWR T 5,
FERBRIX, ZoORICH D EREE L+ LR
LHRERDHY RBRITELENEEAEOH D B
DT TUT bRV, FRICHIEITEZE T, Wik
REOEEN2 ) v MEL bHBILENHIICE
ZAHNDHDT, MAKEHFEZHNDLZ LT LEA
ADZ &, ZOENTFEAMIKEIN TN DL
NdHbH, £, BES 7 U v DI L 7= B
P ThdEEEYSLT) v HEKRORE T
RIAHENE SN WEAENSHLOTEERETH D,
HEix, Table 4.1 IZRT X OIS OFHHIEH LV
R ENEMEND T, GO b OH K
BRBENZ N, LTzRNo T, HABREDKEL R
RLU7Z ECAHBIMICHNTE 5 v 27 A&
HITENREFE LW,

Table 4.1 Required Accuracy for
Measurement Items

BF6 BF5
Hw_error 0.35m(12%) 0.5m(25%)
Vw_error 2.3m/s(10%) 2.6m/s(12%)
Vs_error 0.2kts(10%) 0.2kts(10%)

4. 2 AEFOHBEICEHT S FHRHERHAR

FKEE o JE D

FHAREZIEE S 720, 2K

200m 8., 1@ 40m O KA 2 o B —m i LAk~
72 15 FT C o Ja 1) R 0 3l A AT o 7 Y,
B, BONRES T, 3 BOEEHITHIC

FEhE L7 (

i 6

D o B ORI L2

#lE. R, M. Young #EEREEEH AR F R FE 1 B

(No.1)

. Gill Instruments #E 52 2 vk 7o 8 35 i 20 &

MEEE 2 5 THDH (No.2&3) . Fig. 4.1 |2

L 7 Jal i Ja i
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# (LLF, EGHEE) %, Table4.2 |

TNHOMLEERT, 5, SOREETO
WS % Fig. 4.2 12R7%, No.l IZME 7+ 7~ A b
FICERE . No.2 I3 G i L3 0 AR 2> B8 2m &
S, BT No3 MY A & 7D IR D b &
2m OHFICERE LTV D,

-
k |

Fig. 4.1 Anemometers used in the Experiments
(Left: Vane type, Right: Supersonic

type)

Table 4.2 Anemometer Specifications

Vane Supersonic
Ua Range 1—50 m/s 0—30 m/s
Accuracy | 0.5m/s in U,<10m/s +2 %
&Resolution| 5 % in U,>=10m/s 0.01 m/s
Ya Accuracy +5 deg. +3 deg.
ng(')zl y 1mis 0.01 m/s

» Anemometer (No.1.2.3)
No.l '_C“iN“z No3

No.2.3
e )
Data recorder Data recorder :j albtAm ] ‘

]
K abt.186m ’ abt24m  abt2lm

abt.21m ) =

Fig. 4.2 Arrangement of the Three Anemometers

4. 2. 1 =EEBER
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Table 4.3 Principal Particulars of the Target PCC
Unit|  Ship Model
Loa m | abt. 200 1.4

B m abt. 32 | abt.0.23
Hg m abt. 30 | abt.0.21

Fig. 4.7 Experimental Setting of Hot Wire Prove
(Left:Bridge top (BT) setting, Right:
Fore top (FT) setting)
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Fig. 4.8 Experimental setting in the wind tunnel
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Fig.4.13 Time History of Significant Wave
Height (During voyage from
Tadotsu to Nagoya)
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Fig.4.15 Time History of Significant Wave
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Fig.4.16 Time History of Wave Period (During
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Table 5.1 Studied Vessels

. . Panamax Twin
Kind of | Container

. . Bulk skeg Bulk
Ship Ship . .

Carrier Carrier
Lpp(m) 300.0 217.0 300.0
B(m) 40.0 32.26 65.0
D(m) 24.0 19.2 24.0
d(m) 14.0 14.0 17.9
Ch 0.65 0.84 0.81
Lyp/B 7.50 6.73 4.61
D, 8.8 7.1 8.5
Brcp 0.034 0.422 0.311
0.9
08 SN
PanamaxBulk _ )z’
07 :
u e i
,’i’ ,/, L, ¢  Oontainer
> 06 ’,'
* o5 ’,’: *wins egBulk
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Fig.5.1 Resistance Increase of Three Kind Vessels in
Regular Wave
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Fig.5.2 Propeller Efficiency Decrease due to
Additional Resistance

5. 4 HOPEZRAWE>——PU0HRE

Ve — U LR EHE IS B D FEME I RE
EER LB DB THY . £OJRE ORI
WERTHD, BERY—~v—V 0TI, K
TR ORI X 2 PR P IRBTE R 2 &
KRBT — 2 2 AT, HEMKICE T 5 EM
TR EERTHLENDH AN, T T, Ba—
74— b 3LLFILERREDPERE IS TUTWV & L
FlobBa—74— b TULRIEFI R G4h & & 2 v
—w =V SMW)BUTOXTRITES L L
726

SM =K x (2ABHP, + BABHP; + yABHP;)/BHP,  (5-12)
ABHP = (AR, + AR )xVs x1,' 177, (5-13)

ZZTa. B. yiEENEN, TOMKIZEBIT D
Pa—74+—hr4, 5 6 OEMHBHEETHY I
BERT —HAR=ZAMLRDHZLENTE D, F

HOE Ham FES (P2l F8) A 43

72, ABHP I3t a—74— b n 2B 5E H
MmM<THY n=0 T FAKKZE2EKRT D,

ARaw [T IZ K D IRPUHE I & Ran 1T EUC L DK
PUEnE 42 &3, BARIMT LR, JEm & &
EORBBELZBETILERND D0, HEOM
& B 2 oG O K R BUBE B 13 A B B )
MERDZOT MBICLOTZOREL KRLT
BLU 72, KIZRND B OR D B 3T 2 i o B
FLTWDHEEZDN, 22 TIEEHNIRBLAED
LEHEL, EFICHLTRETSZELET S,
ZoFHE, V==V BT LIDE., ERE
M WIEIC X T A ORI L . B v D
WBHEOEYHBEAAEZIFIC R0 fEHIcHAETE
5o JLRFEEE, ERFEEBLOEMN-—HAD 3D
REM72MEEICBIT Do, B, vy DfEi% Table 5.2
ThHz7,

Table 5.2 Percentage of Occurrence of Weather ;
in The North Pacific Route, the North
Atlantic Route and the Japan-Australia

Route
HYELAE
BFi - ;
eARvee | dekmpe |
o - ZIN— AR
BF3 20% 25% 30%
BF4 32% 28% 35%
BF5 24% 25% 22%
BF6 13% 17% 10%
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Fig.5.3 Bluntness of Studied Vessels
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Fig.5.4 Sea Margin Calculated by Eq.(5-12)

Fig.5.4 X, G-12)Rc L pv—~—Y DR
FERTHHN, TZITIEH, KOEIF1EL, 22
T L PCCITRVEEMBEZ ., L7 % v U 71X
SN &2 Wz, Atk EMFERER E2FA L
KOEAEEELIZWEEZTWD,

Wiz, BNy —~—Y v i+ 5 &, &
OfEwmNAELN D,

<N XX T >

MEN 150~170m DALV v VT DYy —~<
— X 20~25% & 7p o TUWNT, AR & BB
10~15% i\, 210~220m ffiTiE ")~ v 7 A &
EN M THD, OOy —<— 003
15~20% CTh v, IFITXFEELE-> TS, 250m
PLEDO KRB ANV 705, MBSO KAV 7 TH Y |
ZFOlOICHRORF <y 7 AR L Ty —
= UV ORI R BN,

<arF I >

a7 R, RIS XA EPUEE N X 0 RS K
DIMPUENBEE TH D23, 200m LD HF RO =
VTFRTT D 15% R & RO EHICFIN S
NTVLHY—v—T L OR/NS WIS E 5
ey

(262)

ZOBREICIX, TG RE T o K R ) 28 FE A
WZH > TV WAlEEES 2 v 7 T ORI A DIk EE
WK o TR RIBISHE M T 2 2 L EnE
bk o,

<PCC>

PCC T, A O RKEWIMAITH D Z LITR<
HHAITWD P R PHREUEIN & Z Bl BT K
EVWRTH D, L0 L HICFEYA XD
T ERTH BW%RERERZ VY, AT
WHZ a2 7T I EDEIAIC s TWDH Z &N
KR E o TS,

Fig.5.5 1, MKk by —~—VroEWAE o
CTFIMOBITRELDTH D, AERFEEIZL S
NAEREPED TNy —~ — VT -+
L, KA T DIl >N o ENENTL 5
ZENDbND,

50% ‘ ‘

)

.;;
S
2

———— ——— —— # North Pacific —
@ North Atlantic

w
=1
=

o
1=
=

Sea Margin (given by Eq.3.

‘m
=
»
L
1&
|

Q
=

=
15}
@
1=}
N
1=
S
N
2]
S

300
Lpp(m)

Fig.5.5 Effect of Navigation Route on
Sea Margin
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Table 6.1 Weather Conditions

¥ | Ar | PHE
g | owE | AW |
[mis] | [m] [s]
BF3 4.4 0.6 3.0
CI
BF4 6.9 1.0 3.9 O
BF5 9.8 2.0 5.5
BF6 12.6 3.0 6.7 20
| . . s
BF7 15.7 4.0 7.7
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