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1) Resolution MEPC.328(76), 2021 Revised
MARPOL Annex VI
Resolution MEPC.333(76), 2021 Guidelines

on the method of calculation of the attained

2)

Energy Efficiency Existing Ship Index
(EEXD)
Resolution MEPC.335(76), 2021 Guidelines

on the shaft / engine power limitation system

3)

to comply with the EEXI requirements and

5)

6)

7)

use of a power reserve

Resolution MEPC.336(76), 2021 Guidelines
on operational carbon intensity indicator and
the calculation methods (CII Guidelines, G1)
Resolution MEPC.337(76), 2021 Guidelines
on the reference lines for use with
operational carbon intensity indicators (CII
reference line guidelines, G2)

Resolution MEPC.338(76), 2021 Guidelines
on the operational carbon intensity reduction
factors relative to reference lines (CII
reduction factors guidelines, G3)

Resolution MEPC.339(76), 2021 Guidelines
on the operational carbon intensity rating of
ships (CII rating guidelines, G4)
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BN SN AHAINKIES -2 &icky, &
R DBEEVERE D 1A |, BEMUIC KT T 2 B R ERE OW®W
BORA LT FUAREOR ERK LN TH D
EEZLND,

B, AWETRDIEERETHEIZIX, PSPCO
HENEZENTHRY, 3EIHDOEMREZK R
PSPCiii it OREFHHT — Z BN +3 i E > T
5, HEROKRHEZITV, PSPCHEM/ NT A b &
YIRBMME KT DB R TIRE O EEAT
ITETHD,

AFETHOLNTZERETHELX SEdiEInk
FRAICIRICHW BN TWS, ZOBE THE%
ALz Eicky, XA EEETm AT
252 ENRMfEND,

& Xk

1)
2)

B F 2 - SRR CRR, 2021
AAMERS « 2 20— OMEREICRET 2
A4 K74, 2001.

AR 2 13X O R O E R (B89
LA K7 A, 2002.

3)
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4)
5)
6)
7)

8)

9)

10)

11)

12)

H AR - S HLHICSR-BfE, 2021.

H AR e - SAHLHICSR-THR, 2021.

H AR = LI CSR-B&THW, 2021.
IMO: International Convention for the
Prevention of Pollution from Ships, 1973, as
modified by the Protocol of 1978 relating
thereto.

IMO: Resolution A.744(18) — Guidelines on
the Enhanced Programme of Inspections
During Surveys for Bulk Carriers and Oil
Tankers, 1993.

IACS: Unified Requirement Z7 (Rev.5),
1998.

IMO: Resolution MSC.215(82) - Performance
Standard for Protective Coatings for
Dedicated Seawater Ballast Tanks in All
Types of Ships and Double-side Skin Spaces
of Bulk Carriers, 2006.

IMO: Resolution MSC.288(87) - Performance
Standard for Protective Coatings for Cargo
Oil Tanks of Crude Oil Tankers, 2010.

N. Yamamoto et.al. : A Study on the
Degradation of Coating and Corrosion of
Ship’s Hull Based on the Probabilistic
Approach, Journal of Offshore Mechanics
and Arctic Engineering, Vol.120, pp 121-128,
1998.
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Corrosion addition specified in the new structural
rules (new Part C) of ClassNK
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{+8% Corrosion addition specified in the new structural rules (new Part C) of ClassNK

1% O R 24 fa NG
mm)
NTF AKX
g, e x| A7 TERNSEE SN TR E 3 m LN OHFHEE2 1.0
7, HEAKET R &
27 TRV oot 05
=3 ij(VI 1)
1WA T | oo T FEm PSR 1.5
Bl Z D 0.5
SR EM, ShE | PERE O v 2 SRHRED 3.7
AR DA D 0 — A — )b 1.6
FAIEEE B OEm g BEC: 5 1.0
Z DA 1.0
F o T P, R SRR e U — 2 — )1 3.5
DAt 0.7
— & IR 3.0
DAt 0.7
KIREYA—/ B (REGERAR) 0.5
ZERTER B DY A (A B BERRA) 0.5
5 v —*0 0.7
RG> (TAT 7V NE) BPEHSN TWVDHR—/L A= 0.5
MNIRIOEREM X v (T A7 7V M) 0.7
FSIFLOAGIREM & > 7 B EN TV AR =L RARL—Z (Nl z o 7 %
1 5 HAEH AR 0
IS HTERLOARIR & 2 > 0 ORSL RS v 7 3 DAL T AH) 0
Type C RO T A EM i (FIR) OFR—/L KAR—2 0.5
Type C HFROWAL T A E M ((KIR) OFR—/L RAR—2 0
AT Ly FROWRA T A GEYERR DR — ) B AR— 2 0
ZOMOEWHR—N K (&R NEHEEAEO /YR —V FNICELT T
n— B AT DO A — A F 2 S T) 0.7
P HR oD B8 ks 0.6
RERB IEDCOE 05
o AN T A N B RR E i R KRR OO R D A 1.0
) Z DD IR 0.5
PREHI 2 o o D R QNI &2 o 0.5
EKS 0.5
2 EY J (N KT A A A— R (F9) (%10 0.5
JEAE X 0
sV PIN 0.5
(1)
1) Fx—rayIOEWREESEE S LA EIC 3 mUNOFEIEICH A REHM OFEICIE, 1.0 mmiBINL7
T b 7eun,
Q) Z o VERNEBETRCHIBEICOREMT 5, 3mOIEMILS 7 T8 & BATIC, o 7 EHI S REIC
Mo, 728, ey xrr, PKkIFEY v 7 R OF =—rmy DI LT, [ZofofEit &35,
3) ESHEEmAIE, T A NRHAAEED,
(4) SrrEWAICH - TE, NERPSEEGH EMEIC 3 m UNOEHICORERT 5, ok, WNER?DE
B EEEIZ3m 22 %ML 1.0 mm &35,
(5) WEKRHIEE A LM EIZ 3 m MNOFIAIZS 2 FREEIZH VA HIZIE, 0.2 mm BN L7 7z 5720,
©®) V7 ar Y RELONERKLNYFZ a7 UliE, 7 var s RA0NENS 1 nry
A= ZFRE ORI T, 2.0 mmBMN LR THIER LR,
() HABRELZ 7 PNRRE SN D XKE OB R TRMIEL, ST AERM OB —IL R A= Z2DEETiHE%
HEMT 5,
(8) AN MED~ R —ADEDOHRHAY WEEARXHE, /XA 7 N R VEOBFEIIHAY LRWKE O Z L 20
5, PAWIm O T —WNEO Xl b 5T,
(9) MBI, Ko 7=, IFEhE, BEESLONTOZ a0 ),
(10) FHEEOWNIERITIE 2.0 mm B LR T LR B0, 72720, HACERZ#E L TREDOEKE %1728
A 24T O AL, OB TIERWY,
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505 BT OMEBRITIE, BEICEMEENEE
SNTWVDD, XU ERERFEEEBERICEKSE
PRAY 22 B B DB v sk D B 5,

WA, B b A R B 2% & ( Automatic
Identification System, AIS) (2L Vv, RERKIZEIT
LIRADLENE R T — X ZHUSGT 5 Z LN ARETH
%, AIST —# OfrE « BKAERICE SR T —
Z 3 PIRIBA (wave hindcast) Z W THH T
L7128, TNHDOT —ZEMAEDESLZ LT, i
WA EERCTEE LR OTEN TR L 72 D,

EH DT, 2110 HBOAIST — % KOV RIER
T—FEHWT, GEER, WA, KnE, gk
HEEBREL, MiEe— A, R silmicis
DGR AFHEA T — A > b, AR R D W o i
HLODRRIZ 3810 2 IR A B &2 XU LR FEEED B 2R
WS DM 2B O TE BRI 2 SEhE L 720 7,

—F, REDFETE LIRS EICE T 28
MHEAICHKR O 2 W IEIZIE, EEMEHSES
(TACS) 2 HLE T 2 Ak K V6 1 i 5k oD I TR 38 B A &
#FRecommendation No. 34 (LI, IACS Rec. No.
34) ONTKIT D ENEE O EENFEM A A K TH
27,

Z ZCARMFE T, JERBEEICET 5 —&iEh
RNV XX VT, WEH—, arT ) OFE
EEWR A EZ T, Yo —7, a—,
o F, A T SRR I 38 0 B IR T el o —
AU, R R SR T T O S S LR S ONERK AR
B2 HIREHLE 2 %512, TACS Rec. No. 34125
S B E O E WA 2 5 hE L 7=,

Y BANRRZERT

REHE BT, B 5T, R R

2. AMIST—%4 - BRT—4

AWF%EClL, Vessel Trackerth ®AIST — % 9%
EH L7, AIST — & 134 2 K OV | oo JL Ry % #%
B L CTHRE S, (EEOMMOAE -« K214
HafECTH 5, RNUCAIST — X OMEE T, K
e Cix, 24110 H (201441 H K 1201541 A4
252017410 ) ORICIERELEEHIIT L= N v
7% % U 74,5098, WMZ L —1,875%, 2T
T HE2,072% D FF8,456% 5y DAIST — ¥ A L1z,
¥, LiRo201441 7 1%, AERVEFEICB W TEE
254 (19944FE~2018%) ThHe bk LR IFE
ALTHIMICEY T 210, RIF%ETIE, ME0
knotD 7 — X R4 5 L &b, RERIMRA AR
BRI AIST — % % 1 [RIEIBR IS W BV CTEH L7z,

Wik s — %1%, ERA5 (ECMWF) ) (X
IOWAGA (IFREMER) 2o RERT — % % H
Wiz, R2UZ EROEIRER T — X OMEE R,
Aat i, 112779 IACS Rec. No. 34L& [dl—d
WFl, (GWS Area 8,9, 15,16) Zx5%E Lic, &k
RIBET — 2%, WERSRT A K OHERBLIE 212
XBFHAIMEE OB XY, —EORKEZAL TV
DT EDHER SN TN D0, <, ka1
MW S\ 72 AIST — & ORI 305y T b IT VO HF
HNOWRT — 2 L OMST 2TV, WBHRT—F 1A
AR OB S & /e U TRET 21T o 72,

- -
— —

xI AIST—AHIE

Time period 2014/1, 2015/1~2017/10

GWS Area 8, 9, 15, 16

Navigation area (North Atlantic)

8,456

Number of ships (Bulk carrier: 4,509, Oil tanker:

1,875, Container ship: 2,072)

x2 KEREET—SHE
Data set ERA5 IOWAGA
Organization ECMWF IFREMER
Spatial resolution 0.36 deg 0.5 deg
Time step 1h 3 h
Wave model ECWAM WW3-st4
Wind forcing Coupled model NCEP-CFSR
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X1 IACS Rec. No. 34 xt&imig (L KXFE*)

3. BMZEOEEMETE

AR O TEBAT F % i S OV S5 2 & 8 L 7= i ie
BAEB OB N FIAZ LU I RT O,
1) FRROBREHEEREHET S,
(A) B L2 5 AT IR BEER (AIS

T—H EWIRIBR T — & & HITHE )

(B) IACS Rec. No. 34
RO FRBEEMERZHANCT, E—7
(Heave), 7—/L (Roll), ¥ v F (Pitch), i
(R BRI L d5 1T 2 IR e T B — A v b
(VBM), (& S BRI i oD fif JEE O AR 12 B8 1T
DIIREEE (Pel) K O A 1 S A5 Wr i oD 2
KB BT HIREEHE (Pwl) O T HE
(BB MER10"8DfE) ZMHMBA Y v 7IETH
45, —#lELT, HH1EONF~v I R
WSV X U T ORMTHANED >4 (VBM)
B2,
A12) Tl 7= fl 4 ORI THMEE VT, #i)
D2F11DH 77 DB A & A T2 HIR S BUR
EFR (A) LTACSRec.No.34 (B) Dl TH
% M R BAR I F op recnoza® Db DHEAUT LY
BT 5,

2)

3)

Fupjec.Nu.Sl}

_ long — term prediction at 1078 (with ship operational effect)(A)

long — term prediction at 10~8 (IACS Rec.No.34)(B)

RV —XEHER G (NL 7 X U T 22
B, WmE o m— 278, T T 26%8) O
2, RURW THIOMIT R 2R, £72, R3ID
VU — XFHEEME, RIURLEZAIST—4 O
KR LT R D RICHEDRLETH D,

B3I Fop recnoza PHEATE (EEIfE + 248 Yo R 7)) ,
K475 RNTHFEIC D L THOR S 2 /8T A —
5 L UToFop recnoss P HATR 2774, B3IZR LT
Fop recnosa P AV = 245 HE AR 25 O #FH 13.0.75 ~

0.84CThH %, BANLRILY, WIRET IV, v U —
REHRRZIR O K S R UM 2 Fop recnosal
BHE RIS S XIRED bR o Tz,

®3 VU —XHEMZHROBE
Ship type Bul.k 0Oil Contginer
carrier tanker ship
. 110~ 110~ 110~
Ship length[m] 285 390 350
Number of ships 22 27 26
Loading condition Full load

x4 RUATROERFTEH

Program Liner strip method
Heave, Roll*, Pitch, Vertical
bending moment amidships (VBM),
Parameter Hydrodynamic pressure at bottom
center line amidship (Pcl),
Hydrodynamic pressure at water line
amidship (Pwl)
Ship speed 5 knots
Wave direction All headings
% Excluding container ships
10°
<, O IACS Rec. No. 34
10'1 .9 ® North Atlantic with ship operational effect
'. lo) (Encountered sea states, 2y11m)

8 (e
S| 10‘2 ® O
= " ©
5 ] e ©
o 107 % °
2 e ©
() e o
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- - 3 )
—‘é 10 °
& _ ° o

107 N

° o
10°® - - - )
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Vertical bending moment (VBM) / o gL*B

K2 #EMEEE*EARRERBRHEESR KR UIAC
Rec.No. 34k YEH LI-MAPREMEIZE
T2 ERDHtMTFE—2A >~ (VBM) OEH
¥ AE D — 5l
1-
@ ERA5
® IOWAGA
0.9
gos o8 # }} % ks
mém
0.6
0.5 : : : : : :
Heave Roll Pitch VBM  Pcl Pwl
H3 FExREBECEOERMEZGRHROMKEE

(EYEL2REFE)
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4. EHYIC

ARBFFE T, MARREE B9 2 SAn B A C o &
EIZETHHerE LT, IACSHHET HAL KGLE
R O IR FEHAEEFR (IACS Rec. No. 34) (Zxt9
2B B O E BRI A2 e U7z, JERVEEICE
J oM (S s X VT, WMF I —, ar
T OFEEEMSREAEEE AT, BEmo e —
7, m—)b, EvF, MR Ic s 5 R
HEHR B — A > b, AR SR T I oD A JES O ARR
Je OV BRI 31 5 I IR A B+ % %F 412, TACS
Rec. No. 342K < Hay 82 % o0 & B 0URFEAM 2 5 he
L, UTORmEMAT,

1) TACS Rec. No. 342 & 5 < B fih % 2 1% %
Fop recnosa @ ¥ ¥IME + 25 Y& 7= o & P 1
0.75~0.84TH 5,

WRET IV, VU —XFHENIRBOE S LU
TN T D Fop recnosa [ CHERITH DX 1T3RD
LIV T,

2)

SE Xk
1) Nippon Kaiji Kyokai (ClassNK): Technical
Guide Regarding the Strength Evaluation of
Hull Structures, 1999.
PFERARA, « MRS 2 B R L 7= R 3, BIvE
e S5, #2417, 2004.
Soares C.G.: Effect of heavy weather

maneuvering on the wave induced vertical

2)
3)

bending moments in ship structures, Journal
of Ship Research. Vol. 34 (1), pp.60—68, 1990.
Shu Z. and Moan T.: Effects of Avoidance of

Heavy Weather on the Wave-induced Load on

4)

Ships, Journal of Offshore Mechanics and
Arctic Engineering, Vol. 130 (2), 2008.
Vettor R. and Soares C.G.: Rough weather
avoidance effect on the wave climate

5)

experienced by oceangoing vessels. Applied
Ocean Research, Vol. 59, pp.606—615, 2016.
SRR - SRR T ORI EE R I B T D
B B o E BFHEICBE T 2878 (GE2H) ,
H AN ECE T mi i = m S 55307,
pp.397-401, 2020.

Miratsu R., Fukui T., Matsumoto T. and Zhu
T.: Study on ship operational effect for

6)

7)

defining design values on ship motion and
loads in North Atlantic, ASME 2020 39th

8)

9)

10)

11)

12)

International Conference on Ocean, Offshore
and Arctic Engineering (OMAE2020), 2020.
International Association of Classification
Societies (TACS) Recommendation No.34,
Standard Wave Data, 2001.

Genscape VesseltrackerTM Data Services.
Retrieved March 2020 from
https://[www.vesseltracker.com/en/products/da
taServices.html.

Sasmal K., Miratsu R., Kodaira T., Kita Y.,
Zhu T., Fukui T. and Waseda T.: Wave
climate in the North Atlantic Ocean and
extreme value analysis, 2nd International
Workshop on Waves, Storm Surges and
Coastal Hazards, 2019.

Hersbach H., Bell B., Berrisford P., Hirahara
S., Horanyi A., Munoz-Sabater J. et.al,: The
ERAS5 global reanalysis, Quarterly Journal of
the Royal Meteorological Society, 146,
pp.1999-2049, 2020.

Rascle N. and Ardhuin F.: A global wave
parameter database for geophysical
applications. part 2: Model validation with
improved source term parameterization,
Ocean Modelling, 70, pp.174-188, 2013.
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ST, MEHEMEE UM A OIS
) 1T X D BE BB C R 2 EENE, T2 0
L, A OMREIZICBMEBROBRE LKA vk
L n,

3. KHFREIZDUT

AMFTEX, EFROIEA % KICCBM3ESIZ T T
RAATT A, BERs o BLER, RIS TEf#= o
HM¥h (LLF, LO) HOiREEMRIC X 585 o8
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FIEIZTITo T2, AU A7 FEE T4 TlX, Fault
Tree Analysis (LLF, FTA) #fEH L, MpEOR
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L7,
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R pz
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[C1, #fuh: Kefi] [A]), AT ERLTWDE S
FHE LT —ZICH1IERESY ERSE-H0T
oD, BEFEENCIRED LR35 REICOWTRET
HZLET, T OAMEEBRE LIZbDTH S,

B2 No.2, 4*A4URF7YUJLOHORE (128)

B3 No.2, 444 AT VIO OREMHER
(128)

3D L H KA A L _T U 7 LOH DR E AR
WXR—CTh D%, #HtiliNo.4, FilliNo.2 H 1 & &
ELTHBEARS Z &T, BUREREHFARO LD
2B 2 ENTE D, BUFEMRICK LT, £0.5C
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