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Development of the practical guide for the state-of-the-art methods for hull strength evaluation
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Toshiro ARIMA, Masayoshi OKA

Abstract

This paper outlines the outcome of “Development of the practical manual about the state-of-the-art methods for hull strength
evaluation”, a research theme in the National Maritime Research Institute.

Requirements of hull structural strength to ensure ship safety have been developed and continuously improved as
classification societies’ rules, which were in general empirical and prescriptive, for historical reasons. As there are more than
10 major classification societies for long years, requirements directly related to ship safety such as hull girder strength, in
particular, should be internationally standardized in order to set the most achievable and minimum goals to enhance and
ensure maritime safety and to protect marine environment. In 1989, the International Association of Classification Society
(IACS) adopted the Unified Requirements on “Hull Girder Longitudinal Strength” (UR S11), in which the classification rules
on the longitudinal strength of the major classification societies were unified. Along with changes in social requirements and
advancements in shipbuilding technologies, ship sizes got rapidly bigger, and in recent years ultra-large vessels such as
20,000 TEU type container ships and 30,000 D/W ore carriers were in service. Under these circumstances, related
classification rules have been continuously improved and UR S11A (Longitudinal Strength Standard for Container Ships),
which includes additional functional requirements for large container ships, was finally adopted in 2015.

On the other hand, the International Maritime Organization (IMO), which is a specialized agency of the United Nations that is
responsible for measures to improve the safety and security of international shipping and to prevent marine pollution from
ships, implemented the Goal-Based ship construction Standards (GBS) for bulk carriers and oil tankers contracted on or after
1 July 2016 in response to serious accidents of bulk carriers and oil tankers. GBS, which can be recognized as “Standards” for
developing “rules”, consist of five Tiers including Tier I (Goals) and Tier II (Functional Requirements). In other words,
classification societies’ rules should be developed to conform to Tier I and Tier II and these rules shall be verified by IMO in
accordance with Tier III (Verification process).

According to these backgrounds, the recent structural rules or guidelines related to structural safety assessment of ships have
been considerably upgraded not only from a technical point of view but also from a philosophical point of view. In addition,
as transparency is a key concept of the current regulations such as IMO GBS, huge amount of technical background
documents are now available. Therefore, the authors believe that it is important to develop the practical guide to facilitate
understanding of overview of the state-of-the-art methods for hull strength evaluation. Hence this paper outlines the results of
the research on structural safety and structural strength evaluation, whole ship direct load and strength analysis using whole

ship structural model, hull stress measurement and onboard monitoring system, etc.
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AR OHEE IR EE, AR D DRI S & FHE 5 55 = F %, AR IRERAI 2~ — R 2B %S
L7zHR (ki aiil) & U THESN TE e, FERMRBSIZIR-7256TH, 10 2 D Mkina 237
EL, RexIVMBIHAIBIREZIT 72854, HERED L 5 ITnDZ &I BT 28EEMIC L, KRERIEL
EWNELDZ L5, 2D, EEIRTHEES (International Association of Classification Societies, LA T IACS)
T, 1989 4F CERTAR) (CHEBEIZBI9 5B (Unified Requirement , L1 UR) SIIDAHHR L, H#ROE
B AR R O RETREE | B 2 Bk — &7z, £7=, TACS UR S11 OflE (1989 45) M H%uR3 % IMO
GBS & MIACS CSR 3 iif T S A [, i =—XDZEb L ONEMEIN OESR S HUWE - T, o R LA
TEY, IHTIX20,000TEU B =275, 30,000D/W S5 B 720 & OB AT #AT L T\ b, Z oM, £
SR TTIE, BT A R R A B IE LT & 72, WS AR L7 K o T i o v s A 22
L LT, 2015 FICRT a7 FNTRHME U7MBRE o#t— R UR SHTA22VEBHR S hur-.

1990 AEARIZHEFE U 7= KEUE DRSO TR FT, 2000 F=RITZ IS CTRATICR & 72 % > — b Ot 3
AL LT, [EEEEHR  (International Maritime Organization, LN IMO ) (%, SOLAS §5KIZHRARD TR
FEELBET DO OEEZBE LT-. IMO UL, ka2 AARETREL BT 2 BRI A fkseruic e R L, +4
REEEFAL VWD I ELBEL, MRRAIBIRESEODOEMELFMTZ LN TE, ERT & HE (Goals)
K OBSRE B S B RE L UE S iz BARFR MR O FEUE (Goal-based Ship Construction Standards for Bulk Carriers
and Oil Tankers, LA~ GBS ) OBIFIZET L=, —F, IACS %, IMO @ GBS B3 & PATLC, W& —Hk
T SFEEYINA O 2 SOdiEiEEHI Rl (Common Structural Rules, LA CSR) DBRFE L, 2006 44 H 1 H LA
DOFEEESFIMN A 2 B4 L7z, TACS I, IMO (Z/AT % GBS BHFIC HFEMIIICSETT 5 & & Hig, FEREED
GBS TR SN AHEREE 2 2 TR T 5 & 912 CSR ZBH%E L TV /=23, 2010 45 5 AIZ IMO D5 87 [RlifE F%2
B2 (MSC 87) TEIN Sz GBS 12522 A9 5 THIFE Sz D3 IACS O FifnHmE i Al (Harmonized
CSR for Bulk Carriers and Oil Tankers, LA F HCSR) T&» ¥, 201547 A 1 ALBEOEEZOMICEH Sb Z & &
o7,

AR X 512 IMO GBS [THRID 72 O JHE L B, HEEHANHRD AR KE B L TV 5.
I 72, GBS O FRIGHMIATH D1 SRS K O & o 1 — Dk 2 AE, IMO GBS @ HEZ (Goals)
EHSREEMHICE ST 2 Z ENEREIND &L HIZ, IMO X2 S OFFRIRAINY GBS (TG L TV DO/
AE GEHAER) &R DML STV D,

BARBIIZIE, 2016 4F 5 B & 4072 IMO @ MSC 96 (Z/AN T, 12 D TACS A 2/ 3—D F A GRS
LAY SOLAS S50 11-1 % 3-10 A S HRHIEE L L TR EN D NESEEWI R Oh & > 1 —I2B8d
% BEEfRRRESE FEME(GBS) ) OIS LTV D L HERE 4L, MSC ORTEN MSC.1/Circ.1518 ¥ & L TA[E B
~[A]#(Circulate) X 1177
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ARGTIE, A G 2RI BHE DU FEOMIERAI, £72, TOBERICH DHIN M OWHIERHIE OHERIR
Pl E BB LS ERIZ OV TS 5.

IRRATER Y, W LR et gEET (LUF, 2P OJBhE TR et OREEE FHiiE 2 B4 % 2Ry
FoIEDOBTE CERK 26 FEE~RL 27 ) | IZBWTER LRI FHZOW TR T 50 THD. it
AL, FEERD—BAEEEN BAME i A # [Captain] (TE#EH L7727 F 2 N VFELHHERLTZHOT
H5.

2. ffDEEZR £5Tli & IMO/GBS

2.1 IMO GBS
2.1.1 GBS &%

IMO GBS I 22 22 D 5 72O O LWESHATH 0, IMO, ki M OZER N E 2 /02 5
JEtEE (1) &72oTnW5h. BRI, IMO BEUET 5 BEE (Tier 1) LKOMEREZA}: (Tier 1) OF, Tier 1
L Tier T OBERIZT D atRaE (Tier ) & O Tier MNZES U 72 iSRRI M OSEFUEHESE )3 2 F 41 Tier IV
KO\ Tier VE72%. HEITE X 150m DL EOIXSFREEWME O Y o 1 —Th 5.

2.1.2 GBS MBEZE L HaeEH

HEE (Goal) & LTIE, ML, ZoLEZEL, MUREMEOA T F o A Epits LT, fiEShE
WARAE M OBR B 5= #@TT IR K O —EOHEERHZ B W TEEHSBREARM BN D720 K 9 3G - @S
T B0 EHESINLTWD

PEREZEIRY, R BIEAENT 72D O BRI R BN A HEPE - P LT b DO TH Y, ikaltFEdn, RESRM,
WEIETREE, JEITIREE, FRAFRE R OMEE D TLRMENE END.

2. 1.3 MRt T ExiR54E & TR 7R E

HEIETRIE (C B3 AREREE I AW TIE, BRI R OV 72 < & bR, FBREOYE T HRE 2 5Bt — R
VIR U CRRARTREE 25T & Z ERE S ND & & IS, Mt T R E OF BT b Tn s, Fiz,
FRATIRE TIL, M2, JEMEK ONRKZGEDORERHIAWNT, BE SN T T ) s T 250 F, +
TR IR 295 K O ICERET SN D Z ERER IS,

%ﬁ&ﬂmi IMARRICER T AT E— A v N RO AW L BIGTIDFFRFHNICH 5 2 & 2R 5

Il & DOREREEEA OVERIRE 2 atd 2 b DO Th D0, MR AETRE OFHMECIE, JER#Z ORI T %
%ﬁbthﬁm@@m@&%—x/bﬁﬁbﬁéﬁam_ﬁﬁﬁé%@f%a

IACS DA 3—Th 25 (—M) BAMEFEES (LT, ClassNK HDUVNEINK) (%, 1999 42 MniAsdss i qT
iD= D OFAfREN ) 0&2HRT 2 & & BT, TNERBIET, ¥oh—, E6EEWME O T FiEh
A THEESREIZEST 204 RTA 2 ) B 220240 2001 4, 2002 4} 82003 FICHRLE. Ziubo 3

WHHOTA R A4 21X s THEHITRERETA 7142 BDEENTNS.

72, 2006 44 A 1 HLAREOFETKMN#E ARG & 72572 TACS D2 o 1 —H K NE HREEMH D 2 5
OISR (Common Structural Rules, LA T CSR) (ZHEHIT B iR AL RN A EA S 7.

B, ZIOOBEEEM A2 TR T 5 X 91T, IR 2817 5 CThFE Sh/-0h% 1ACS
OFFnHEEE ] (Harmonized CSR for Bulk Carriers and Oil Tankers, VA HCSR) "W"C&H Y, 201547 H 1 HEL
FBEOEIMICER Shb 2 L L 7r otz
2.1.4 HEtFm L RESEG

BEK, BRI HEMITFI20E L SN TE 72, IMOGBS TIX25FELBESN WD, £/, HEEmET
HORTHE & 72 DBREESAFITAL R PELEICEE SN TWD., 2078, GBS ICHATHZ LA RE LTSN
IACS CSR [ZHEDEEE « dudE SN AT m cofib S, AERMICHIMEREIEIN T2 L LeoTe. 72
B, TACS IFAL R (X2 D8, 9, 15 KUY 16 Ofk) DO RFEEISHLEFR (X]3) %% Recommendation No.34 '
ELTHRL TV
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HERIEREAL O, N THIEZFH U BRI EIR OS2 52 1 T el T — 2 S 2583 5 &, ffiaic
LS TRV EE LW ORAMERIT FFRL D REWEWIERNH Y, TACS I% Recommendation No.34 DUUE %
SHHICEW e 2D TN D, — T, U —T g U T EORME RN R O =2 ) T
HIFEOES KL L DOBUR G B ET RETH Y, ZeMEERFEEEDNT AD L T-5Et - BED ATRER
FECWESND Z ENHFFEIND.

Functional
Requirements

IMO GBS

Verification
Process

. Prescriptive Regulations &
Tier | i gh A=
v Class Rules 'E]

Applicable Industry Standards &

Tier lll

-

Tier V Codes of Practice RARES
1. IMO GBS D#:#HHA
180 150 120 S0 60 30 0 30 60 90 120 150 180
o i : h 7 b ; n A 5
e
~ 2 4
0oy Ipety “ SRRy Y P T
2 RE 15 16 ge - = 20 |
E 21 3[ 24 25 30t
14 31 {324 333435 42 | 43
3 3 7 o}
44 [ a5 [3s 47 48 | 49 [ o o 1 52 53
| e8] 6157 [ 58 60 D616 53 !
om >4 64 L 65 | 70 ac .71 L
—x [ 7 5 %— 67 |68 .
4 76 77 (73 7 0 1
L s [ 82 = 84 |\]
B2 84 [87] 88 [ 89 [ t90 ] 91 W 93 {5
* 102 ] 94 | [oglde] o7 [ 58 | [ 100 [0 1p2
asl X = L
o
9 T T T T T T T T T T T
180 150 120 90 60 30 o) 30 60 90 120 150 180
2 EXFEEDEFDEZ (Area 8,9, 15 and 16) ™
Hs/Tz 15 25 35 45 55 65 75 85 95 105 115 125 135 145 155 165 175 185 SUM
05 00 00 13 1337 8656 11860 6834.2 1863 369 56 o7 01 00 00 00 00 00 00 3050
15 00 00 00 293 986.0 49760 77380 565697 23757 7035 1607 305 51 08 01 00 00 0o 22575
25 00 00 00 22 1975 21588 62300 74495 48604 20660 6445 1602 3’7 63 11 02 00 00 23810
35 00 00 00 02 Mo 8955 32265 56750 50091 28380 11141 3377 813 182 35 06 01 0o 19128
45 00 00 00 00 6.0 1961 13643 32885 38575 26855 12752 4551 1309 319 69 13 02 0o 13289
55 00 00 00 00 10 510 4984 16029 23727 20083 11260 4636 1509 10 a7 21 04 01 8328
65 00 00 00 00 02 126 1670 690.3 12579 12686 8259 3868 140.8 422 109 25 05 01 4806
75 00 00 00 00 00 30 521 2701 5044 7032 5249 2787 117 367 102 25 06 01 2586
85 00 00 00 00 00 o7 154 a79 2559 3506 2069 1746 e 77 84 22 05 01 1309
95 00 00 00 00 00 02 43 332 1019 1599 1622 992 483 187 6.1 17 04 01
105 00 00 00 00 00 00 12 107 9 675 nr 515 23 114 40 12 03 01 285
115 00 00 00 00 00 00 03 33 133 268 314 247 "2 64 24 o7 02 01 124
125 00 00 00 00 00 00 01 10 44 29 128 1.0 68 33 13 04 o1 oo 51
135 00 00 00 00 00 00 00 03 14 35 5.0 48 31 16 o7 02 01 00 21
145 00 00 00 00 00 00 00 01 04 12 18 18 13 07 03 01 00 00 8
155 00 00 00 00 00 00 00 00 01 04 08 o7 05 03 01 01 00 00 3
165 00 00 00 00 00 00 00 00 00 0.1 02 02 02 01 01 00 00 00 1
SUM: 0 0 1 165 2091 9280 24879 20870 12898 6245 2479 83r 247 66 16 3 1 100000

The Hs and Tz values are class midpoints.
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2.2 BEREN L EERESTM

IMO GBS O#ETRE BT 2T E A2 ST 5 &, G eEIIIHBER E HERNC T TEXH Z &
Mk,

FEHRERFIC W THEE R M2 R T A7, SARRICEEEET 5 SAE SN2 BFERON, &K
bk LOREIEGHU IR LTRSS M N B, AKAEE, BHEOHRENECRWI ERNEL D, £, [EhkE
T 5 2 EBHRTHEER T D e tES T H DMBRIERICKT L CIE, ERFSICERNHRA, SN E TN
ENVETHD.

—7J5, RERHCOWTIE, 522, JFERE, BEKSEOHESS T U S LR O T, ERERICEN D84
FOILK, BEEOFHOILRNET RN ERNE L 725,

B ORI R OV SR B 28 DB B & his - D ek F MR OIS A RIBICHED 5 LR 1 DO L ) ITHEHTE 5.

® 1 BEERHEBROMG

RRORBREE | ) 2B ERIFAN OB IEZR L~ VRATICHZ 2 | @E SR

1) FKAZLTWIIE (RIS E— I EHESR)
2) P EE K OV R — RN Y 7
3) MSRERE IS T % AR OMErR

JEIRBRIE | SRV R ORESF OGP REE,  BRAEIE WEMES (RKRINE—REES)
PRI | RHWELL, BRUSTRARAT WEMES A OARE S 2 6 IR
BHATRIE | e T RETRE GERER) MfRHES (RESREL)

AL | G (B8, JRIESE) OfErh T Ri&omE Hilg TV ANTET DR (FEsRE)

3. HtsREE DT

3.1 HtskpE
3.1.1 MADREICEET %44

1978 FIC HAMEG ST MADBE —fEON & 82 A WEBETIETAZ2RUWEL, BELIGEL T
W5, ZOHRT, IMROMEEEZ, ORERE IhoR ST OME), ORIRE BotEhmoms) LKUOOREIR
B (O JRRERIRES) 123 5L TV 5.

ZDOET A TIIMEROIRENIEF T30 0 B < R ENTWD DT, BN ZOET A OO %25 H L
DRI DIARN) 25 2 5w AT 5.

HEREIX, ARNCHIZ D &Ny Z7R—, BD, EOBRSITHY TS, X4 1TRT & 91O 7 % T
IELTWARE k) TR 2 M 2T 2 &I X VMRS E=— A P EL A 2 &, R TIE
WD (JETH) RADND EDALEIZ S D DN & - TS X HfEF e — 2 > b5 Z L0 i ST
W5,

S5ITRT LIS, FRMEITE—2A 2 b (M) [ TEORSHMOESITIZFTE LI RD & EITHRKRITRD.
(TEE) HeahiFE— A 2 ORI HMSAMIE, SR EFIRESADICAET, B, MERIZm > T/hE<
725, PR AW (F,) 1 3MORE SO V4 fHEOftHIFE— 2 > hOBRNRK L 2D R TRKERD. 728,
BEIRME T T — A > b R OVIRE AW S ORARAEIE, BETEERICHT-F (Sagging JREE) F 72 13 finiA sl ok
72§ (Hogging tKAE) IZAL 5.
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TEEHER T E— A v b O, OB SIS U TREITE— 2 P ROYRY E— 2 2 k(K 6 Z2R)
EEETHNERDD. Pl 2T TS TR T— A2 hORERKE <, RIS C LRI EER
.

FRRO AAMER SO ©F AEYLEE (1978 45) 0 ClassNK OSBHRRAITIE, #kPftthiTT—2A2 F (M)
EPRPHFER T E— A > b (M) DFNT T2 B RIS Z R O BERIE T DH9 60%, B 147N/mm2 (15kgf/mm?)
LITICT % 2 EBELREN Tz, 72ds, FFAIES) & ey 5 12 b ORKR ORI 7] 0 max 1F, RERHICHE-
THEHITE— A > FEWEAECRT 2 sick ko onsd. £z, TAMAOLEETH . FlxiE, BET5
EWBEEWM S 7 D— 7N I N ZE DAL, T OBERICKRE M N ET D, /- T, fHith
FE—A L b EAREOMEANIETHD. URHE, RPN (F) LEREAWT) (F,) OBFHIRT S
FFRIIIETK 118N/mm? CTdh - 7z,

2E, My O F 2 X TRKRISADREAT D O1E 100 HENS 1 [BOFRBIEROWIZTEE LI5S 95
STV D,

g4k b

PR

4 HEERE : BKPRWBIRADRY (Hogging) KAE & ¥ (Sagging) K& ©

HEIFE—AUS

@
\
1 2 3 4 5 6 7 8 9 10 11 12 43 14 15 16 17 18 19 20 A1
\

AP. N 4 FP.
> ’

S
HABN TS -

S -

5 BURMERIFE— A FRUIRKRE A NDMOR S AEDHDH
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R o . pH

KTt ealFE—A b RYDE-AE

W
lﬁ+

HERITE—A 2 b, KEMBITE—2A D FRTREYDE—A O

3.1.2 IACS OfftsaE B d A% —#RAI (UR S11) '

1989 4 5 HIZ IACS OEIFHEITHIMANT, Hogging {RHEK& O Sagging IRAEDFHRMEHH T E— A > b M, & GRE A
Wi F, #5255 REHEL, M, & M, DT F, & F, ORS8RI 2T 175N/mm? O
1ON/mm? & §AHEREICEET 28— A (UR S11) 2GRS, TR ETlE, FEZRMRBEORANEE
SHD My KON F, N ZE OFFRISNTL IS TH Y, Hogging tKHE & Sagging IRAED M, L N F,, D720
HAlH 25 -7z

Hogging tKHE & Sagging IKAET M, <0 F, DR E SITZENE U LML, NI T ORI TN D TOME
TR DIERTEAE DR | (R OAME DA 3 DR O & & HIZZE (LT 252, FRRFRIEGEHEE 3
ITUTBRIZRAE LAV AT 2 7 (Slamming) MR T X 2 Z 3BT SIRDNIER 35 54~ &7 (Whipping)
B KD TQIMEATEDRE] " EZ HRDA, TACS UR S11 THEODIMEIAR DI B DO BN EE SN
TWa. 1E-T, BHAI HIZQOIEREATEORENL, FRRERECHE R & DM TIEI L > Th HFRERHTES
HLOLEZLNTWALZ LICEETHIVLERDS.

XSRS L A o T — ORETRE B L TlE, TACS UR S11 OFEAH 22 NEDHHAIA E 7= TACS DIk
#EHH] JACS CSR) 120D MENH 5. TACS CSR X IMO GBS IZE AT 572012 > bHE (Vo ASHENS
R FIHEZE 2 Lo IWioHE) IS BTl TAZ VTS 728, T RO ABOFRIS N, Zh
ZH 190N/mm? & O} 120N/mm? [CFH#E ST
3.1.3 aAVTHMOHAEREIZRET 5 IACS #H—#RAI (UR S11A) 1®

2015 4 6 HIZ = 7 TR ORBRELIZEIT 5 TACS #t—FiHI SUA 2SFHUCHIE Sz, ek, =27 Rt
FEAE Y UR S11 TH =S TV, IHEO 3 7 HE A, 207 TS DR E B3 UGET S
.

BHARMIZIE, HEREFEMIC AW A ERAE Bl (K7 28 Sagging feM T — A > hosgbaE) L=
fttl, IXSREEWME O > B — DT O I IERIH] TACS CSR) (23317 5 JHEJi 5 FEAT S OMGER 1 Ak ni
FHEELD AN TWND. 512, K= 7okt LT, T4 v B TR 0T DT E— A
N % B[ LT Al B O 58 R 2 2R3 A REEEE S HLE STV 5.

3. 1.4 MAZR DR Hn—‘f’lﬁﬁr;nﬂﬂﬁ
AR OPTHE S 2 [ 19~ 2120, IAORREHEM ISR ET D EE SN D R KON T — A > MIX LT,

FoyTe i i b T T MRS M&’{% LTCBFIERWD, MBS M 21T 2L, ZORMEZMD Z LN
X%,

IXOREEWML O T —% %5 L 9% IMO GBS Tli, #EEHREICET D IEEO— L LT, &itER
BEe N ot Za e BAK iR A R0 2 E N ER I TE Y, TACS 132006 4= 4 H 1 B LAREO#ETLI T
U Cii % BHAE L 72 TACS CSRUCHERN T e BB (2 BE 3 2 HLE A fHAA A TN D . BURIITIE, el i
TR e BAREL TR L7 fEDS,  #fokHpifeih i £ — 2 o b R OVRIRH OffEdh T — 2 v MZENENOE Y 2%
BAEFEL, TNOHEEF LIEMEUETHDZ ER2FRLTWD, 28, 3 EOESZ2MR8E, WEERED
XH D& ZBE LI AEE IS RICESEEO TN D .

7235, HE BT OHEEIE & L CIE, BIRAEMENTE (Smith D 51E) R UOFERIEA IRESRIEE N H 513,
BEIIZ RO L HFRZVE L5720, BfTO IACS CSR Tt &k ERNARRIE N RA SN TN D 0,
LL, K0FEABLEIEIEZDLOOFHETIIAAMETHY, HEHOa  Ea—F Y7 Ny T 2o CEHE
THUNENRD .
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1.2 7
i —511_Hog

08 ==511_Sag

o -=S511A_Hog
— -=S11A_Sag
g' 0.4
< 02
a

1 0 w3

2 0SDd_02 03 04 05 06 07 08 21
E 02 "t 0 ) ! ) ! ! ! /p:;r,
- . bt o7 .4

0.4 e s - s
g \\ -..._" "I ’1

0.6 By ——— P

\\ ”
08 \\ ’/
1 , VRN (SUR i
12
x/L

7 R EBMMITE—A > F MW OLE: () ®

3.2 £MfTE - BE—BRMUATLA

WMATTIE, 2011 454 ADEIAE L7255 3 HIh Gt (S5 » 4ER1HD) (ShEyy, SfnfiE - Ml — BT AT A
R LTz,

AR AT K, 6 B R ASES & NG IRMEAR 7 1 77 5 Ch HONMRIW  (Nonlinear Motion in Regular and
Irregular Waves) & fEiSENTBRE O —# D~ 1 77 4 (NMRI-DESIGN) Z#lAGHELLOTHD. o, %BE
1%, @ONMRIW (2 L DTS B2 A1 &35 FEM T OBE T L ~DOfRAR 7 1 75 A
(NMRI-DESIGN-PRE), QFEM {77 1 7' Z A} NOFEM fEHTHEROR A MU T v 75 2
(NMRI-DESIGN-POST), FHEIEEDHEL - (A BN ET 207774 v 7 ca—W S L F—Tx—R
(GUD) ZHAELIELDTHD. X8 KON IR 773 2D,

FRATSH SRR ORERTIRAE, e, WM& RO EMS A 3T A—2 12U T, ERNRTENT, xRS
T COMEZEZ AT & T DIEERNT 21T\, RS DB e S AR AE T DI D SR BB R % R
HZ MRS, YUATTIE, ThEFEALTAT I VL VFHE SN DMEDIRESEHRE THHHRA v
7w B LTS F RSB A F5E b S LT D 2,

LNG iy, KEI2 27 VS CIE, MR RIS CBE SN A% EHTEZ2 WS, B EZHEE L2 ECEm S
CITRREHAT AR E L, BRI L0 ST ORE R SHEEZ ED TN ED=—XbH Y, Zhb
DHEHNZD Z ENAEER VAT A THDH. ERNTIEZERED > AT A& W DO ERET (Z2EE T3 (MHI)
RV RV ratA Ty R (MU) %) BBREATHD. 2B, IO AT AFK 10 1IT7-T L1
BEIRAT AT 5 FEM ~OIEZEDTALN —HITh VY B, W 2 S 5 Tk & KAlT 5 7 012 B fiRis
EFEIND Z ERDD.

8 NWRI-DESIGN # L \=2 M E - #EE— B O5 2

(319)



52

S a
sl f \\
Al

0 0.5 1 1.5

G (=0/Hs)

T
—— e
Neondition — | pparEmer | € | Nondton
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10 XFEMAT CHRR SN -RemEEREHRT 7045 S L DILAM
(Direct Loading Analysis Method) M4 *—TF %

4. BRRSRELETAME

4.1 BKREHMEDERNGEZS

Eiko@y, 57, OFHMROHFEISHFEOMGEZMNTER, ZhbIZHOWTHIERHAZ T L L &b,
BEARSRIERHM O IR 225 2 7, FRCZERMDE ZITITONTIHEND.

BB LTI, AR, MIEEAMIAER 3 D E & AT Gl 2 st 2 R L 5.
MBI 2O L U ORI T, TRAZERICIER 20 U080 : o)) & THEEEM S LTS 2 5 mof
O (L7237 22O OR S TR BYOtE (OFA (3B @ )] O,

DOBENRH 2 . KADDE X, Yo 7RE XENLHIMEHERTHS.
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BROB RS HNIG»9RD & &, TONERAIIRE T D EBRMEE T, @ DORFRIHRY SLo.
Z ORI R 2 BOWHER G 7 D ITHRE L2 b OBRRIS I TH 5. LnL, ThUEICheRE<T5 LaH
ZOTH () BRELRY (M1 BH), SAEITHENICES. £, BMICESNcAmzbvDd, &5
W NE S0 LARAETES. 7ok, BORSHINCERZT HHENMEM TS, HIHRIATESEMN TS
&, BICHITE—A P MBEL, ZOLERORITHNNEMTDIET] 01, ROWEICIR TR E 2 Wrifr
ZZMNT,

TRDDHZENTXD.

REEHRROFEARN 725 2 7 O—20%, WHEMERITAW TR R OEETMICAEC 2 BKIES (0m) B3, B
LREEORBE (ZE2F: o) Z2bo TGS (0, ZBARNED (ThDD, omXa=o, 27X
) ITHEENEEZRD L ZEThHD. 7ok, BIRIGHELZEFETHR U (0 a)lTFFERI E TN, RIS
ZRREHRE D B L T ARFHITFRIS ISR GHE L I S,

o8, BUTOMERAITIE, o=l IZRoT0ET7—2Ab 5570, mAIES (0m) TOHDERDDHERTSH,
HAOREORBENTIAENTWNDHDT, MAEMIZITZERRITIEZENTWNDH LB LT ENTESH. ZHUL,
BIRBIG 2T L LTNA Z e h, AN OFmMmPIHEET R bt LR (EiES) % B B
ERNSED D Z EIIRATREIIEWNZ 00D, MEOAHEEE LM L2 ETHLIBREORREE & - TG E
WEDLNLTWVENLTHD. 2T, 0ma PTICHRBENGENTNDLZ EITRD.

SH o (MPa)
[

EWE

o, BRES
200

100

0 0.01 0.02 Do e

11 S H - O HER D

4.2 EfshEHE 2

%52 B TIE, TACS OREFRELIZEIT 26t —HAITTIE, FokfitiiTE— A b M) RN E—2 b
(M,,) OFUNZH L THERICIDBHEESNTND Z L2k~ 7o, F72, KRE IORB R D52 < offnic o
T, MOFMPICERT S LT SN D EESR T AU LMt T— A hORKEZHEET S & L big, E
HIRNIC B2 FHES 2 5B L <, HARFED, FlEX 1290 L 5 ICRESH TN 5.

—7J5, BERTE D BEHTRE VI, FEEA &Y LNG 80 X 9 2@ I EANE AV TiE, FEBICRS
ZRAT L CTODERS, eI R O 5798 E O BEEEFT (critical area) OJRFTHIZRIS I 2FHIT 5 2 L1z
X0, oGt ET=2 ) 7T HE EHIL, FHEFORYMOMERNTOND Z 035D,

FEHAORE FEEI S Y Tl iARESET RS =2 U 7 U AT KB LT 20%K 13 1R T. £ TR
7RIS N RNET D12 DOOT A=V OEE, 5 PR EFR FORINFIS 23T 572008 v 7 _R—20
Y —DERETHD. i Oy —HEROE ST mm 4— X —Th IR, BEH I mA—F—Ths.
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oot Y=L, BT 28OS A RIET H 2 LII30E L TW DA, 237 0 BHERC 0 MR
WLEEIR Z LG, B ZIXERI 7RG 2 3 O Tt i A HIE T2 Z ENREETH S, Larl, HETIE0 A
DOFENAE 2 o P —H B EIN TS, ZORI% K 147K O 1SR T 2, Zhbidadnb 7 7 A 3—
AW 0T ALY —THD. 14 /Nl o& o —T, 15137 7 A N—% 3 KRS THFANT R
(L0, EX:Im~l0m) OB 7 _X—2ADE P —Thb.

ISRADFEFHIRABIC & 0 IR F 2 872 dh 77 & IR HP C OB Zee T IS ) o Fn s fllE ki, HHICTE
DOTRIETTE DHEIZ LY, MMAOREL R TORBE, b L IIERENFHITE, HEAnpkni& I 20
TN D OE®R, EREHT VAT LALETHZELAETHS. LiL, RBRAIR—2OEERIOFRIG S
1%, AN EDREDORBEN S HEBMNTRTZ SI3#E L <, BMICHFRIGT & et 5 720 Tl
HLUWENRDHD. T2, ffHx OFEFEICEENRD SN TWDLONRBURTH D, FEAENZRBEOR ETIE,
B D UNIHEYER 2 BIME SN S DT, FERPNTHGR L T2 EZGHIIT — % OIE L OSEE (LB 255 2
bivs.

7R, FEMIGHIFH AT O ARG =2 U 7100 T, IMO 2> BENE 2928, EE RSO A R,
TA RTA 5 SOUBDPRIATINTNDD, AV GIRHIEFTIIR< ATy a v Thdh. £z, ZALITHISL
TEMARIEE =2 ) 7V AT a e LT ot (1213, Light Structure #: 39 % O Strainstall #1:39) 2344
b5, HER LE=2 ) 72T AOBER OB A X 16 12737

S11A M
(cont)
My _pog | ---=-mmmmmmm oo r

0.25 My—tiog |-~ floeeeeeee I S
(LY. P h— - i

AE 0.35L 0i6L FE
: |

Mi-sag [--o-emmmmmemoecaae ) -

12 DR SAHBDFRTEEMEIFE— 2> F W DHH

CH8-9 Passage deck
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a) Measured data (Channels)
CH-1 Vertical acceleration in bow

CH-2to 5 Stress on tank skirt (port/starboard/fore/aft)
CH-6to 7 Stress on hopper knuckle (port/starboard)
CH-8 Stress on passage deck (port)

CH-9 Stress on passage deck (starboard)
CH-10to 12 A ion at midship (vertical/

55

a) Strain gauge on hopper knuckle b) Long-base strain meter below upper deck

& 13 LNG fADMAIE HE=2 1) U5 L R F LD 2

Enr-iomitae
¥Otybr— | sg3000

B14 7744 N—FALIOTHT—2DH 7

K15 EXFSURE RZERARSUREZRYUGORTL) P
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Navigation Monitoring System
AlS, GPS, log speed,
wind speed, hull posture
VDR 7 engine data, heading route, rudder angle
HSMS primary treatment result

3

I Hull Structure Monitoring System I

Land-based
Data Center
Record and
analysis of
received data

ave direction Acceleratio
X-band Radar) (MEMS shock sens:

s
; -statistical processing Stress
% Estimation of stress (FBG strain sensor)
¢ Jdistribution ¢
.................... . S SiCETurament - Storage Loading
System information

16 MEEMEE=2Y) VT VAT LOFER

5. R B R R

5.1 BRERIIHT HEEEH

FRBRIEESR T, FRRBIRECIRGE 2R & OIEHHIEIC L > CTh DRSBTS b D LB 2 CRREMTENRE ST
DIEFWESR L 1ZR 0, SO TEREET 2 2 & NHERTEEY 2 285720 EE SN2 R TH
. BRI, RS T CHMEITREOERFHUCENR 2 8H, AN A LW & 2 FHICE N TN A.

F2FETHALZL 912, SOLAS S55BI-1 5 3-10 BIHI(GBS) © D CIIMe T A LIRS, 2 DBV 52
BefE (Tier 1D @ 3 & H OFSREEA: CTh 2157 (Structural strength) O—i L L TER I TN 5.

HASTRE DFHRITIE, IMRRORIKIRE (ZIUCTF G T DM ORMERE L5 5) 23, ALREFEDBR
B T CHE SN AT E— A v M E BRI 0G0 E GET 2 0BRSS, HET5H L, MIRER T CTAEL
B I RMEHS B — A > NTHit 2 2 e &SR 2 © DO X D IR Z G T D Z e NER SN TNWDH Z LTk 5.

F72, T HHOHERE D IACS Al (UR S11A) ANTRNT Y, HEITRASRE OB HE ST
W5,

5.2. EEEEEFTMOERMLGE RS L RIEEE

W 3 B CRRIRE S O AN 72 2 TR =0T, T2 TR, AR OMRONELT A T 58 S 0D A
M7e%E 2 bS5, F, KEO®RLECTREHREIZOVWTHLELT .
5.2.1 HDEHEERE & &ZIEEE

FEICHEN G MO E (P) 2R~ 1AM D L, HHMEE CIIAESHTICHET DS, WENS HIRAEE
Bz 5L, e ERTDh0, BHGHNC [Tobdk () ) thd2d (X 17 28). 7mbdbbsd - B
HEWD S THELFICT D E, BRIIEL T IEORESOIIRD. KAEERE L RWGE, MR O 7
DELETNWDZ &7 D, FEIE &, ST MICHET &) D ZEREID GVIREEN S, BT HICER e & 2 BD%
EREICRIRIIBITT DAL ERR THH. HEIEHT 25E OMEERIET] 0 o 1%, BRIGT (o) ZEZ 720

(324)



i LR TR 188 W35 (B 30 ) waWE 57

FHTIE, Y738 (B) I, HoMiEE (1) @ 2 FICKWFIT 5. 5T, MEWVHIZE/NSRAFET
FEIR9 5 Z L2 b,

—J5, BEHNCT= DD - % O EEZ NS EET 5 &, HOME HERE) 28258, M onsi
BN TNRD & FEHCHT O DA NI K E < 2V EITRET . SFSR RS &, SRRz bAdh
D5, MG EED D &, 584 LTC#TIS IO T2 DITE NSRRI EE 0, BISFRREFH DAY 0 BMEREH A
FER S, B ROREICIZ 5 Z AR, HoXz ) GERSM) IS THRETINEZY, BcEn
20T %, OB & L CORDNBIEAET S L\ ) Z81E, FOHRG & LA W ffEA KT
TR B T L EBRL, MMOFEHMENFERD Y Hk2 i uE, X0 EREEREOREIZENS.

5.2.2 lRDEHEER

WA EME T ARTEAIRZ TN ST 25680, HOHWMESE TIIROEAN THETe2S, HAMELEA D & miMT
BELNETD (KI18EM). ZHMBHROERETHDH. EHEOROEGETL, WROBLOEEREN R O OME
2GS U CRIRE— REOVEEIG S 0 o« B2 5. e —HPNIERMET 25E D 0 o137 7R (B) K OWIE/EAE
WMEAZTHUOESD2RICHHIT S, £z, BTV BHEL, KT Y UVERKREL DL oerlThx<
e M H D

JERRISE N EBZ TERT 262 K& T2 L, mAOEDLRENEIICRKEL 2D, WO—ERDBEIRL, 1A
HAELOIR L THRERKRAEIENTES B, AIHEERIE U7REBICE S . AAOREERI & Lok
Ht%mwﬁﬁﬂﬁfﬁﬁénfwé’&ﬁ%wk&>tb&ﬁk%<ﬁétﬁ@$%ﬁ %%@mﬁw%éb,
BIZI2DHMKREL 72D EXONTRIRDIEE D, ZLIE, BRRIEDIERT 5 & & BICHMEME T L, SRfEoRiE
_ifé(IM@ﬁQ.W#W%ﬁE%Ezék,%@ﬁ#%t%kmsztmi%if%fﬁ<@D,m®
WERH AN EAD 0 Hsk 22 g, & 0 IR#iPHOERE N AT 5.

%2 GBS ICHRE SN AHEEEH (Functional Requirements) ik ?

L1 F%E1F#fn(Design life) AXRHEMIL 25 ELL L35 2 L. (The specified design life shall not be less
than 25 years.)

1.2 BREESfF I, AERVEIEDBREESME & £ ORMIBGRBEHERITILS ZIHREGHT2

(Environmental conditions) Z & (Ships shall be designed in accordance with North Atlantic environmental

conditions and relevant long-term sea state scatter diagrams.)

I1.3.1 2{K%E AR OREEEA XX B O HAJIZHE L, MOt 2 el T& 5 & 912k
(General design) RS L. MEEEAME, WERIEEIC L > TAE L IMIEDO ML <

T 5000 LIV W RIEZ#EHT 5 2 & A 8FHIC, 2 TO/REINLEYOfHT
BT 5D KL D IZEXENFT 5 Z L. (The ship's structural members shall be of a
design that is compatible with the purpose of the space and ensures a degree of
structural continuity. LA 4 )

113.2 2570 M O3 — | HEESRAEIT, W72 280 K OVAE i K ONBRAR e OV 55 55 DR — NI L
R(Deformation and failure | “C#Ffli. (The structural strength shall be assessed against excessive deflection and

modes) failure modes, including but not limited to buckling, yielding and fatigue.)
11.3.3 Fofsomfis AR R B 70 Bt iR 2§D K 9 ITEXETT 5 Z & (Ships shall be designed
(Ultimate strength) to have adequate ultimate strength. Ultimate strength calculations shall include

1.3 #1558 5 (Structural strength)

ultimate hull girder capacity and related ultimate strength of plates and stiffeners,
and be verified for a longitudinal bending moment based on the environmental
conditions in functional requirement I1.2.)

L34 % 4 4 4 (Safety | MAIIFAIS LWERRRE S > Tikitd 5 Z &. (Ships shall be designed
margins) with suitable safety margins: A 4 1)
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777777 l— o — x

17 SEEE2 50 ER D 18 ANEHEEZ T2 FEDEMZIFERR
L0 10F b
o/a, o/ oy a
08f 08F
C
06 0.6 L=20mm
£
B
¢
'4_ A D F
04 0 {=10mm
A, a: FIRBIELR _
02F 1) paemE 02H A 4w
. 0Y=274MPa B, b i
0 10 20 30, 40 0 10 20 30 40
W/t E,//E

Y
19 DB HXFERAR (K 18 dFi% ax b =1000mm x 800mn DIERLAR) DIELBIEK F=4>F 258
(£ : TS H— bR, A TSN —TFHOTHE)

5.3 MAZDHITRE & RHREE
5.3.1 #its&E

AARZ: (Hull Girder) 0613, RS HANCEAZT 540, MEENAEHN D O E, it —A o M
ZRIGITT 5. 52 BT, IMARORERIE 2% L TiE, IACS UR S11 KM= T R ofitss 12 B4 5 IACS UR
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SUA DSV, HmEMHGITK L CHORAEEZBG T 25 OBLEN G, BRRTRE & OVEEJRIRE S HE STV 5
B L7, F£7o, 81 BTl X 918 CSRIIC BREREDEAENZ ENTND Z L 2ik~7-. 7235, IMO (2
K DRk RO GBS A MEEE AT 2 M FHO B EAE L LT, 2017 47 A 1 HEBEOBEZM
(236 A SAVAE CSR TiX, BEE/ 2L STV A, fRRAJIZIZ UR S11 X OV URSTIA I ONZ TACS CSR
IZE ENDHERE OFRFUEEMTOND HIAALTHH Z LITHEE L TR MLERH 5.
5.3.2 xi&m@E

EPIZ 31T D AMAROREH T R AR MR L1k, REFHIAERFAEEIR G KRICRKFA SRR 2,
e ORI B KRR 2% 5502 X 0 e s 2 B D AFZEP A9 iiciEd 50D, SETHTRV TS,
AR 1T B D KRB 2 & T ofF2E 9% 2 20 L T\ 5. £72, Baldd Lz K o o 5 o Fi o
YR ONRE B E NS A SN TWA. £7-, NK 282016 4 7 HIZBIME L7z#diit 2 —IcRWTH A
ARG ESIIHS L 3 T RO L EGERE RO O3 8E ST s,

—fil& LT, UR SHA ITHUE SIS MEMN T R AR B A LU IOR . R OFEEIE, My ASBIR AT A
(A I RE) AZK VDR U T R sm e, oy DR ORER T B AR DI L 2ARE, v ps 23
S BB E A B LT B RAREL, o w DR T B — A o MR T 2 0 Z 2R TH 5.

A I ADIFIETIIMARZRAH e T E— A > M DREIRE 2B 2 SO b DI, RO WITE 2 #8632 58 HER
JESE - BN LT, Wi o T RIESIERAR T LTS Z 2B B LARNOHREZED, KA RAETRE 2R D
%) 20).

MU/()/M . yDB) 2 MS + YWMW ............................................................................................... (51)

FRERORUTIF 20 17T L DI, o< W EBT HIHIRME T E— A > M, MYEEIC/ER T 2l EIC &
DHEEESNDHBA v U ZIC L D@V ERBORE) GEEEES) NEET DENGRIE TH E T e
O, FRE OWENB Z bz BT, FEEORGHIEA ST\ 5.

B, REREAHET S FEE LT, BB AREREZ AW b ® 5. B EFROFELZBE L
TR SRR RS 2B FTRE T 5. RO TE L FHRRMNME L 7250, FES D B a— 2 B
N=RUTT VT M IZTORELHY, WESN—ATIHEHAIN WD, —filE U CURT CIERERE & fENT
Y 7§ LS-DYNA %A - THERE L7z =2 o T OB R AREEMNT D BfCIRE 2 [X] 21 1TR 7. = T O ge il
[ o5 BUZHHE L TOAIRENHHR TE TV 5.

A WREIC ST E— A

The MM M A A A
s W’Vv Yo\

N wRMETE—AR ]

£00605 ‘

) FONEMEEE (R v L) NEE LT FEEORZIEE,
TREODSE RSy % BT RGN B — A o b OBFZIE
20 #te(FE—A > FOBESZIFE
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full_bend_collapse

Time=  69.82, #nodes=430229, #elem=530615 Fringe Leveis
Contours of Effective Stress (v-m) 3.500e+02
reference shell surface

min=0, at elem 5519 31608102 :l
max=656.967, at elem# 110295 2.800e+02

max displacement factor=2 2.450e+02

2.100e+02
1.750e+02
1.400e+02
1.050e+02
7.000e+01
3.500e+01
0.000e+00

21 LS-Dyna Z{E o 1= T F MDD B REERFEHTHER DB

6. 9 F75R AT

6.1. JRFHRE
6.1.1 B &EMHD “EBH”

MEFEE RS IMO) | KON 55 22X —U—RIZA v ¥ —F v NeRETDHE, &It v M T200H
TAEEIC LD TEEEFHE IMO) % 2 BAMKR Y E/NEES (HTW2) OFSRIZONT) Ln)H T
LAY =220 5. ZZIT @b e LT B OWE T O - BiEo7=% 1957 (Fatigue) O
N OEBIZEET 54581 (MSC/Cire.1014) 9] ORE LAEEISNIZEDGEHNH 5.

—J7, 2 B TR L7z IMO GBS O CIdg 57 (2B 9~ 5 Z23, &3 D@V FH 2 & (Tierl) O 4FHD
FEREEEME T D (Fatigue life) & L CESRENTWS.

RS U — 2@ AREE (&) ] “9TiIE, ITORERA H 5. b, TR UATEAS T BN,
5195 0 BB CHIE SN D FH 7R BRI X 0 RIBI/ NS VIS CIEET 2 Z L3 D, ZOBSREMEIOR T %
7ol (fatigue) & RS, HEEP-OBEBGH S OBEIRER O 8 ENIHFTBER L T\D L b, EIIED
B ISR O BB L e o TS, ] LS A TV,

ELERRBIDS LAV, B O 9557 & TIMARGETRERGO 9557 olamaix B 7528,
BT O TPhIk, EBRLOVER)] NENENOSE CEERBE THD.

6.1.2 ®FARERVIEFHF

gk ) ZAEE T aRERAIC, BIISAE D /S WEEK U (577) % 10 J5[El, 100 J5E], 1000 J7[=IVE
HEE5E, DWW 5. K22 125737 &9 IR Uinf B4 — B0 /J#RIE  (stress amplitudes: o o)
TH X TGEITHEE LB LEL (N) 28, ZORBR ORI T AMREEEZ XD L Z EAHEKkS. Z0
R L (N) 1%, F-—MBORBRA THIEL I AREWVD, K 23 1[TRT X IIISHER (0. AV/NE
WEREL 2D, ST L, IGHEIE (0. DREWE/NS 7oK URECCHWr 5, B, I FHmIE <
5.

7085, 1 [BIOMHK U{nf EEORERH] & Mok UL OFEIE, W32 £ CORFFICHEYS 35 (Bl Z1E, 10 #X 1000 /7
[B=8 32 8L 72 D) OT, FAADOEETREREM AN CTIIREEEIM & OREME S (AT O 5 I TEH TR
, WOREHH TACS CSRYTIX 25 4F) & E#E, Hled 22 LNk,

FATEEH AR & U CREIC K VAL CONDMMBREE DA, ERATAI60IRE (0. BREL, BEL
BsREWE, BB RS RENECH2BEMIZFRICTHS. MAE 20 4, 25 FHOEMICE > TH
IRPZHAT UARAIZE U EEZZ T D 2 E0h, FlZiE, @V U8 < ER T & - Ik
JTHEFEINIE, FFTRREPIAET D AR E L 20, WHHFMIFL 2D LHEESND.
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6. 1.3 JEFREHIEER VERETE

6.1.2 TEl~72 I 9 IZ[A AR ORI CREPE ORI T IZ R UK & S OO UG JI(S: cyclic stress)Z/EH ST h
RBrAR LN IR E IEH oL Z LT HEMHEEOREESO—KTHDH. D, EHEHTHOWAEE
I, ZEAOHEE & 957280 SN BRI TIEAEE LI N SR 2 IS THRIE O ERR 2 EN S X6 -&” 25T
FEHERZED 2720 FHIC FFbORHANLNTWD. £, BRERE FCIEsHEMMEFT52 b5
ALTHY, TACS CSR TIFFFEREREE & 138725 SN EDIL TS,

T2, MAAORRGFHEMOMM I, FrEOMEEIM & OSHE SR ATIC/ER 3 288K LIS L,  AsfhoRErRk
HE, BT HEEBMN T IEEORBELZIT TRELET D, #oT, HxZe kK& SOIGIHRIE & K LD
MAENIERFENAER T Z & 720, OO BN ERRGHE WML L <, —ED#PHD
ST IHRMRIZ I D R LI IR SR~ OB 2 HEE L, & COISHRIEFIHIZE > T OB R AT
i L CRREE S EEZHET D, 2B, ZORHEITIEORIE L& S B E D4 RNCHE L TuL
LTV« <A F—H| (Palmgren-Miner rule), F72IEHIZ~A F—H| (Miner'srule) &FHIN TS,

6. 1. 4 4758 E Tl A D18 Effeg

SN Z DFFAHRIT (BIR - f120F, 254F) IC 8D X 5 RS Q WRIREK) |2 & ORRE O
TEERT D00, EREE, VP ——T ¢ 7 ORI O TR OREEHIET K & W FSEHT O 0 5 (B
LIRAFT 5. RS 2RI &P RO AT THoET 5 Z En kD, ZHUCOWTIEER | E TR
I U7e £ O ICHHBAEI SRS BUE R N AR ST 5.

X OFEEWM L s o =355 TACS DI EHIHI (CSR) TiX IMO GBS OHREEHIE G 5720,
25 R[], ALRFEVEAMAITT 5 2 L2 BEL TV 5.

—J, arTHIEOMOMEDOE AL, U—/L KU A K (Worldwide) & FFHEI 2 EEEOAAADMHLES & L
THZ LIk, BIZIE, AERPEEEDR 10%, KFPED 30%, A > REED 36%, FRM—T 27 (R RJEFRH)
8% 2 (31 100%) ZAE L TG RER 21T > T 5.

6.1.5 IEFREICEET HTDMD/INTA—53F

e R AR PRI M OV e R PR IR S 2, iR AR RIS 2 e B S RARTEE M ER L 72456 O
JEFHMAAT 9. ZAUSKE LT, R RHmI LB E S (AOAE ST A Xt e L, ek
= XOMEIMER L7258 OMEFHMEZ1T 5 MERHD. BiEiE TIC TR L TE L IIZIEFITE L D/RT R
—HNBHY, RO F M A EMCHEE T2 2 S IImO TREETH 5. B, AimCifilieo 7,
FEM SIS U TR E S BT 2 IS T D8, BHAREIEY T 5 2 L D DIREERRIS ) D2, FHG 10D
B (AP TR ARy MEAIOMIUCT By G058, [HHT 25 SN BRI OZIR O ASS 258
HVERDHD. FOTw, BUE GG AR GHE, IR RETHMEEED BB LAED b,

%= 3 GBS [CHRFE SN B44%EeEH (Functional Requirements) DkE:?”

IL1 F%FHFEm ML 25 FLL &% 2 & (The specified design life shall not be less
(Design life) than 25 years.)
112 BREEZefE AAANE, AERVEPEDBREESA; & £ DR INBRIEBIH L R D TG

(Environmental conditions) | % Z & . (Ships shall be designed in accordance with North Atlantic

environmental conditions and relevant long-term sea state scatter diagrams.)

114 JZ 55 F56n AEHE T F I ORGEEM L D E LienZ &L E 7z, HEREE: 112
(Fatigue life) OB Z &, (The design fatigue life shall not be less than the

ship's design life and shall be based on the environmental conditions in

functional requirement I1.2.)

(329)



62

7

»

Ao !

min

22 WEEICEEZE E SRS ADEB L REOER (B7.2 BRLED )
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o, MPa
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250 %0
0
| ZENEIN=10"FTIZ @
Ao | DAY YA N
200 - - P I
10¢ 10° 108 107
BRTEELE, N
(a) BEBATEL (S25C) @ S-N #H
23 I HIRIE & BRETRE L MOBHR (R17.4 KEMZ SNER D)

INAE L

6.2 MMEE=RVIIRTL
6.2.1 MABEREE=2Y VI LRTLA
2015 AR (TR S 7= E A EAE E 5% (ISSC 2015) T, MAREEICET 27414 79 4( 7 VEH
(Structural Lifecycle Management, SLM) D2%121%, KEOT —HERENUETH L OO, WEFEDO—H DI
ZERE, LA TOZRWBMR S IS Sz, 70, EfEetoE=% Y 7 (Structural health monitoring)
FRE N DORIORIET, L OFEEHOT — 4 NE=F—TE 54, LV BRVWERREETTVE@MET 51213 <
DD TR > TWD Z &, FEMARIFFERFE D & 2 & D DR e DFitE LRV Ch 2 LFE ST 5.

E, FBAENNT, T 7 A N—EFH LSRRI =B S D%, MMAREREE =2 )

YT UAT WIEME TIEIRE L LTS Z a2 L. UL, —EomMfiish RS &, =2
FEORE, £2< OEMRENERHEDERIEICE > TWVRNWZ L4505, IR EL LTS EIEEWER R T
5.

Fo, FEBRHEH I TH DA TS, AEIT, B RO C kS & W o T2 R ED 7 v — 7 O LRI
TnYxs hELTEMSNTNDZE, HHax AL THD TLOMBAEHIIT —% OFT LR > T
W5 ZEN DRI RRERNC R DR DD Z &, EROT — X 72T TIHE—EDREE L2 & En D, FHI
T =2 OEERTEIE £ 0 O BRI 5132 < ORED K-> T 5.
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6.2.2 EMXIEA, MEEEHMERE=42Y) I RTLA

2015 F-OUF FHEANZ BAFFUITERS 2TV, MU, O R —23— (http://www.esrgtech.com/) D
A N TCHIAMERSEOE =XV v TV AT BDEEBDIA T AR (X24) ZHENTHE L HIT, A& OWERI
DE=H Y T VAT LR OZEDOTERAN, B THREOBLE G, ERLERCH 5 Z LIl d (K25).
F7o, IMO KD 7Y =y AT A (GHG) HHNTHHET 2120, EMATISROD TE= R L —5h3R O E O
fhaEsET 52 &, TR E B2 R/MET D L 0 A XL —v a Va5 2 LB L 2o TR
D, FEROMREEZRIETDHZ EOHRLIE=X ) VTV AT ANER LSOHD.

FREOEHESIZHW T, HAEMRASHIER LV MEEICBIT o8y 77— 2 OIEH & 10T (Internet of Things) |
EHETLBHENDHY, WHECB Ty 7T =20 E LT, MilFT—%, kT —%, AIS 7—4, KJ&ET—
HRREVRAT—ENDDH L, VP —Ib—TF 4 T hFHIT — % OHHETT U — kN LUV OTET O il
ICIERA LTV Z &R &N,

6.2.3 HiBEMEE=R2YIRTL

FERE - LN KA TODIEHISERH, MR E =2 Y 7 AT AL, MRERET=21 7/
VAT AERAETIUL, AEES, FEnE, E R OMOAMERE REOIE S AT LW T — 4 O—RLEE
S OWRBERTEBIE AT AT~ TE, KiFRaX My UnRnG 2 EREfFESTns.

72, 2016 I, EOMBFEEL LY =V ——TF 4 VT OEE, MERET=41 TV AT LDHE
JMEEICET 70 = 7 RISED B T .

NS ORI OMEETERT D & L big, E v 7T —2IGHOMAI N O G IUE, Ry
BClE, B, MEETREFEMELYE - BLAIOBITS - MEE, ISR THIEIN OMGE, MIORE - RSO T o
— Ny 7, SERIEEHCE T 2@\ SRR OB EIEH SN D Z L3 lifF s 5.

RE, WAEERET =2 ) T =% (BT =Rt D e, AT—NT—H) BIERLT, itk
(ZIERE7R TR EE L\ G S50 2, SRESOIN BB 26 > TIRAET 5 & & b2, RFEMOFMIIEHT 5 2
ENENCIIATRE T H D, £z, IEHFHIA T o — 0350 E S TR WEE M M OSSR T oW T
b, 3 ETHEN LI SMWE - G — BT A7 2542 AWV CORERHES IR TE C0iUE, FEIZIES
FaaHliN AIRETH S, YHTTIL, 2016 BN LI-EOMBIFEE L LTOMET vy =7 hOF T, F/NRD
B o —%2FWT, HEERE FEE M OSSO E et =2 U U TR AREE T U R
T AOBRIZE D ATV D.

(331)



64

*« GPS
* Navigation systems « Refrigeration

+__Control systems

 Controllable Pitch Propellers
* Torque meters
« Steering systems

« Air conditioning

* Reverse osmosis
« Steam evaporators

i Mi L .ﬂ
+ Ballast management = Reduction + Main propulsion diesel engines »  Waterjets Compressors
systems gears + Ship's service diesel generators * Fin stabilizers + High pressure
+ Oily water * Transmissions * Emergency generators * Thrusters + Medium pressure
separators + Low pressure
+ Sewage / gray-water ﬂ + De-ballast
systems COMpressors
+ Ballast water Vo= ‘
treatment systems «  Fuel & lube oil » Gas turbine main engines Fuel fow  Tanks levels Additional data inputs
systems * Gas turbine generators meters + Fuel ail + Fluid Analysis / SOS
+ Purifiers » Auxiliary gas turbines * Lube oil *+ Visual (manual) inspections
+ Service &transfer + Gas turbine starting systems * Cargo + Additional / aftermarket sensors
pumps L + Ballast (bearing, oil condition, vibration, etc)
Other auxiliaries
+ Waste heat boilers + Feed & booster pumps + Specialized
+ Chill water pumps  + Seawater service & fire pumps equipment

+ Cathodic protection * Deck equipment

24 MRIEVVERBEICHBROE=F2 ) VU RUSHATRELGEERR (DRXTL) ©

New architecture of a preventive
management system (CBM)

SHIP SHORE
( D 4
Big Data
ECDIS —1 Sship )
Analytics
LAN e
Ship motions  m—
Trend analysis
Engine and Cloud .
components — s— Inmarsat of based Abnorrqallty
parameters others detection
4 Damage
PMS o diagnosis
Ballast syst. == Performance
report
Automation & Database :
control systems \ Data quality
Datacentre management
Vibration & noise  m— Protection &
encryption
Thermography =— .ryp
Rights
Oil analysis =—— management
\_ Y . J

Safer and Cleaner Shipping

25 FIHRE SR T LD L L ZHEHDHE 47
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1. A DREIERRE

1.1 MetEnsie
7.1.1 THey & TE

ey & T8 1L, T 1% Ty T A (W) Ltk 7o, BETRE (RFBE 9Tk ERTv. <
T ) FEOBANRG D, T A TIENCT <, ik nx s,

M) X TCA) T92IF) LFiA, AIEOHEE TLARh TRz &) ZERL, B, 7o LT,
LRTELNL, BT WEWIA A—=Unb 5. —F, (520 ] 1%, [RE AN, BT TEHH4L
FRORE] LWVIERND 5.

7.1.2 3EME (AL ductility) &HEtE (EULMELY: brittleness)

ARG O EERMECH D8 (BR) RoRBR A 2 B S HMIZFIED &, WMEOKE S LR 0K GEW)
WEEFI L, RN TOT A &fEic 5 2E 5L H 200 (M) #HE CITERICRY, ZLlEEE
/D & RASHNITIEWTICED.

TUHVKEER OTIL, THEME) 0T TRD, ZOBEORRZEB 2 T HIESE T ICs | SIEX S A MHE.
& R - A4 - Bl EDVEVEICE TS, | SRSV DL 5, MalE (B B TR BT
X, BEVER LN BICHET 2ME. A8, ) LS h TV,

TSATETE T2 U — 2@ AR ) (SR i Lhud, TR £ CloRE R TE 2 4 U 28B4 ik
#EE (ductile material) & PSS, 8413 Uod & DAREE M EIOZ I, IR CIXIEMMEICTH S, | Lo D.
T, TEWrE Clicid & A EHAETE AR SRV R feAT R (brittle material) & FRES. TR, 2T I w7 A
72 ENRMEMEMBIONRE TH S, HR CHEMEMENCh DAAEREIEME D, « « « RIR TIEMEDME T U e EH T
%] EHENTND.

7.1.3 & (CAELY : toughness)

BIPE LI, THERIORE D SRS, PRI TRANIEA LICK <, DORZDMERE LIS WWEE. TV - B —
WIS 7eAMBHZ DWW T ORHETH 2 DIZx LT, BRERUI0 K E O H DA EORE. | (HL : KEAHAR (BB =hR)
0) LFEFLE LTINS,

WA RBRGTE L L, UIROH 55 (10mm X 10mm OIE SR O & 55mm OMUAFE) (2
B EAEHIE O~ —THB L) BOMBma28z2 L, T THRIRO & DWElEkm o R E S 2 e
L5 (K26 B 2HV, v E—FERER LI TW5.

728, R UMECHIKIRRE F CIHME T2 2 8o Tna. 7l S Il Sz kHEick v
T ORIVEIME T4 D85 OKFEMEL : hydrogen embrittlement) (ZHEETHILENH L. BE, BRELOER
A FENKFBRIOFK E L TEZLNRD.

7.1.4 MateniiE (brittle fracture)

A B —F o NI 2R L, RN BICAZDEREITE A EEDT, 228425 2 & (K
FERK B EHD. RNFSLENTLEIA A—TT, BENIEETHEM L, im @l L7-imm) 37
DIFHATH 5.

AR MEMERIE S & U CHL 72003, BRIFZEHERY (U 37 ¢ i : liberty ship) OFHEFMTH S, 5 IR
K IRENCRB W TEBRO BIERE O BN EE S0, N E - DICPHR L, RS e Lz,
A B =3y NeRBETDHE, D720 ZL OFRIICER (K27) PEEROTDZ ENHEKD. ZOHELEH
A LT P TE < O Thi.

SRS 2 VRBE CHER D LVRBEM NI N e RIS R D FIREM S 5. Fiz, b &b & OHIMITIT 05728
NH->ThH, WL D2BANORE, SRS USIEDNME T2 /TREMERH 5. £72, WENKE 2
% L MEHEEE N AT DV R NEELZ EBLHLNTND 9,
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7.1.5 HMatEBEiRDML1E

B REEMELE L, WA X - TEE SN DA H - TIE, U7 EH 28I 2 & i iasE L
RN E, WEERED U 2 NEED. LERS T, TOXH 72 Y AT EHET 7012, MRRRICIEy) ekt
ORI K DS Y 22 TR SO W TR R BN G E T 5.

TSR O FEZ AR s DO ER A T H 2 ERS ki E S (IACS) TiE, &R0 &IcE4 26 —#iH] (UR:
Unified Requirements) Z23 >, MAOELE &K MEERIZBIT 580 Revd7 %9, #BFROVAHLICEE 9 2 Ft—#iHI] UR
W11 39, UR W28 57, UR W31°¥ K& TN UR S339Z 4% - ABI LTIV, TACS D A L /3—"TdH 5 ClassNK ZLEDfih
RN D A ENFERICES TN D.

F72, IMO O FFEBGERIENE (GBS) IZRWTIE, £ 4ITRT &5 ITHREEAOILIL (BEERETFIR) %L L
TRETLEMENETENTND.

vE 4

M) It st A

HEE T

26 $AD S ¥ )L E—EEEDEFERLE

27 BEEFZEAEM D Schenectady T2 tanker iftERKIES# 2
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%= 4 GBS IZHE SN AHEEEH (Functional Requirements) it ?

67

CONSTRUCTION [E5e
11.3.4 ZEmE AAATED) 2 B BBE 2 b » TREF SR IT T 70,
(Safety margins) (%)

ZORENREL, WE, WEOET /ML, K5, MR, MEORZEE
P, FERFOMEEI X, JEHE, REMOREREZ STy, FHHRT DB
b HRREDOAREEMEZ BT R TORFELITK L CHEYR b O TRIT
AUTZR B 720,

Ships shall be designed with suitable safety margins:

(partly omitted)

.2 appropriate for all design parameters whose calculation involves a degree of
uncertainty, including loads, structural modelling, fatigue, corrosion, material
imperfections, construction workmanship errors, buckling, residual and

ultimate strength

IL11 A E TR
(Construction  quality

procedures)

AORAIE, FNROMEEMEICECRE L= EC, A S AuBAMEDS IR S s e
A PEREHE e > THEEE SR T UTA BV, oS S E FIE,
Hial L bl B5E, TIA AL, MARNT, EEROEEFIE,
FimEE & BRI R E S E R TR b 70,

Ships shall be built in accordance with controlled and transparent quality

production standards with due regard to intellectual property rights. The ship
construction quality procedures shall include, but not be limited to,

specifications for material, manufacturing, aligcnment, assembling, joining
and welding procedures, surface preparation and coating.

8.1 GBS @& Dk =RA

W EIRAR X 51T, 2016 4F 5 HBAED MSC 96 12T, IS E O Z v h—%%f% & LT, NK %
e IACS D A L3~k e OMMAREIEIZ BT 2 MRS GBSODIZE S LT\ D Z & 23k

RIEOMAEBEREOBRMEME TS LI b

Z DOIWREN MSC.1/Circ.1518 VL L THIE SN TWD (FF5 ).

IMO GBS 115 BEEfEE (K1) &7e->TEY, IMO2MHET 5 HEE (Tier) KUMEHEZA: (TierI) O, fit
SR M O FUERESE N Z N F 4 Tier IV DX Tier VENIES T Huh. BEE (Goal) & LTIE, Mpfnx, o4
JEEZBEL, WORENNORA T T A ERHRE LT, 8 SNIZENSM M OSSO T T, JEHEER L O

ST,

*7z,

—TEOBRERICB W TR HSDBRBEARN NV 2N K DG - @S SN2 TR B EHRESN TS,
F7-, BIEAZERT AT OOEMAIEI - S LT ODEREEEThH Y, 23R, BRESME, REEmE,
PRI, FRATIRE N ORSE D RSN G Fb.
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%5 IMO GBS ISEE L TLAMMBIREIZRT L TL\SEEME RO) OURKY

Recognized Organization Date of confirmation | Session of MSC
American Bureau of Shipping (ABS) 11 May 2016 MSC 96
Bureau Veritas (BV) 11 May 2016 MSC 96
China Classification Society (CCS) 11 May 2016 MSC 96
Croatian Register of Shipping (CRS) 11 May 2016 MSC 96
DNV GL 11 May 2016 MSC 96
Indian Register of Shipping (IRS) 11 May 2016 MSC 96
Korean Register of Shipping (KR) 11 May 2016 MSC 96
Lloyd's Register (LR) 11 May 2016 MSC 96
Nippon Kaiji Kyokai (ClassNK) 11 May 2016 MSC 96
Polish Register of Shipping (PRS) 11 May 2016 MSC 96
RINA Services (RINA) 11 May 2016 MSC 96
Russian Maritime Register of Shipping (RS) 11 May 2016 MSC 96

8.2 GBS EERIETOER

fifl 2 DI DOREE R R OIS Y 7= > T, FEERNCIIARIH SR ANCHRE - 72 X E AR K O A2 2N R Al )
TdH Y, Tier IVOMHLRIHHIANZ IMO GBS @ HAEZ (Tier) M OMEREENE (Tierl) (2R L TWDHZ L A& T/
A, R L TR ALARMETH D.

Z D7 Tier & LT, ki BAIED GBS MG 2 MEET 2720 DO FHi X HF2HE L. [GBS M RaEY
A RFA ] O IMO IZHRWTIERR SN TV A,
BHIDAT v 7L LT, M%) IMO GBS [ZEA LI HAEZBIRT S & &bz, TOHAIEN IMO O
BRRET A BT A ANTHE SN DRHMERAYES I CAE LT Y IMO GBS IZHA LTV DG E HEaHii L7z |k
T, [HIElO GBS MAMGERA] OEfEZ IMO ICEFET 5. RIS, IMO FEREED, BHOHMImEEL ST
R -RUCES X, B GBS MA # Hii Bl DERET 2HMFTF— 4 (BhT—2L) Z#%ET 5.
BAEANT, W L RZeZ B (MSC) 28, BEEE T — A0MERK L 72 Bl s F SRS E Rl il 2 T3 2 L2z 5.
Z OB, EAEWEPIORRE ST 5 REASEOBMEEN G TN TCOIUE, ZORIEAESEA~OXHG TS f
TSI D.

7238, BUTO GBS MAMGET A K74 2, WElO GBS MARREY v A | OFE T#IZIE, HAEEOKE:
M7etE % Bigk & LT HBIBOESEDN R AT R 7R 2 85 2, HRIMOEIC MR A 2 Tz [GBS A MR A ZH#fe
BN EMT & Z EBNHESN TV,

8.3 MSC98 MEBEFER

MSC96 T, NK Ok AAID GBS A8 B & & HIs, BEAEAE TN SN2 IACS A 2 /3—|C
RO SITHRT DIRIFAEZEH L, ZORRE 2016 R E TIZ IMO IZHRETREZ EREEINE.

Z DOWTEIZHEY, TACS 1E CSR DBRALIEETTVY, ZOFEREZHIIRANIC IMO (2855 L7=. IMO 23 2017 4458
ICRRE L7 T — A0, SUEBAHAIEIZ X0 AEE DR E SN EDOMBIEEEZITY, ZOREN
MSCI8 [Tt S 47z, Hof&aIZ, MSC 98 [TV TAE R D IEABENE T LI Z EDRRBESIND & LB, 4]
BOBAWGE T 0t A NET LI ENEESNEZDT, SBITHRAIKEZ S 9% (GBS AR
DS AT IO D B I Te = L1272 5.

% 1 [0 H © GBS #AMEFFLAIZ OV TIE, Ak’ 2018 45 3 A K E CICHAIGIESEIC B 5 E8H % IMO
WCHRHH L, EEARE R Z 2018 4E 11 HBME T ED MSCI00 THik T2 L DAV 2a—LRAE STV,

F 72, MSCI8 ITHAWTIE, RIS HEREE A TRH & U C 3 FmICF T 2 2 & 2 HIE Lo @A MEE T A

RT A OBERMER SN TWS. 728, SIERIZIMSC 99 THARS RE L2 Thivz T, MSC100 (2
TEIREND RIABRTH 5.
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8.4 BERLICEHTAHETOC Y b
8.4.1 BEHRERDEMFTCOEMA

FABETHRILIZEY, BARDOHAEM EE=2 U v 7V AT AOBEEKSE %G T INF 30393 MSC 97 12
BHENTWS, ERFETELNEATWS (2o PV EDFPHEEROE=2 1) v 7 2T 5] KON [RE
M EEZ2 iR e T 5ENCROM EE=4 U 7V AT ) FIZ, BT OMEHEEIZIAE L OO S HET TS )55
%%:&Uyﬁm%éF%%%V%*&)yﬁyx%AJ%ﬁéﬁé&w974771&6

ZDE DG AT AR HOIIE, MESEDOE=F) T RERNe L, A AN T B
HTENGEET D, R TOMPBEEDOINERHE, FrZE BRSO O JE1 5058 B A ek 5
FRICHEE L T EE=2 U U TV AT MTHAAATEITIE, JFREMIZIE, 5HllE P —%25E L etk
%Hm%ibfwémﬁ%%mm%é_kmg,ﬁ@t/%—ﬁ%ﬁ%ﬁkk%_,@mwm®§%k&ém&
RS Z LA END.

TR COBMNEZ FLIR U 72 BRFEAEIC AU, MEREIEORENEIR SN HEITHER L T D BRIE, M
EPEIEAR T 2 UV 7 OF T HIARORARE S % H 2B R OWeEOHW 295 Z L&A S Tn
5. 06 T BIZTAMARD TREUL T HE L CTT Y » U BIEE ORMOERENEE L < 725 X 9 THhHiuT,
BANKIBT DO R— 2 L 22 BRIERDOITERNSE L 705, X 28 1T LIAEER Ok, BEEREEIMICEEL TV DIG
TG ONZZES T SUTRGR L7235 6 OIS ) OB UEm 2 HE R D BE=2 Y U 7V AT L% BRF L, MR
HIWr DB E LI BIEREARIET 2 V) a B 2R L2 D TH S.

8.4.2 eEE=421) UJIER GEMEF) LA - E%E

EARDREERR T O T2 D ORI SBIANT, WEOFERRITE SN TSN TS, HIHRERAIZ X—2 & LT
W5, 5 < OB AN S OG- dd s, SRk oA SN C& 7. BANTZ2ITE k-

IIADEIEZERN L= b o, ST 25 EIBIRBRAIOFICERE SN TV DR, fEEHEEORE KR EKFTIC
XL, FREBERT S E & IS, 25O E LT 5 72O ORI IES I T C& 2. (- T,
EREOTEHROBIA « HIE~D T ¢ — Ry 7 OPSFHIAIRFIE > THELSNTETWDH EF R D.

ZHITIAT, HEMOM ETE=2 ) TV AT ARER L, BReT—4% (BEv 7 T7—%) NEM - IEHT
X5k 01chsl, L BWHEAI BREOBENSBIES. HI120F, [X 0 Ek2m R0 BISEEFR OB,
[RRAANREE ORISR ZEE T 2 3636 L2 DIEROHEE | AR L 72572V, MEZ 2T OBLE D & I3 -
FERESFICRUE STV TV D TRE DO RIEE DM 2 ODIGENFIREE 72 o720, L 2 TR OB,
ARAODTEMT R 2 EBAFRE L 7205720 975, X 28 OFITlI Y~ 7 57— %15 M3 % IData Driven Regulation |
EWVHF—T—RTEILTND

F 7z, WEFS %@t/77~&%m (B L T, BEFBIRE R CIAL 7 — & 2 3EH R DA DM TH Y,
AATE T THAAR OMEERAN — BT — Z G (LD 72D DN T — Z — =i | R OY Tisfih R OMEER;
T — s A8 OWERR I 7 — 2 HE | OBARDED BTV 5. F72, HARTIE, K29 OEEKOAHNI RS
bt —7 " F =2 2 =D BB LT-T — 2w ¥ —%, 53 FHEL LTONK B2t aa%r L
T, EHZBEBL QOO ZHUSMA T, ¥EREAZZ1T T, NK DBHRER LEE U CREMICIEN 22 2 5
WieT = A IE DD ETENLT D Z L ZI -T2 10S A—T 0T T v b7 — 2HEEG#ESNFE LI TN D,
7233, ToS1Z ToT (Internet of Things) % %% & L7~ 13k C Internet of Ships Z#HHL7=HDTH 5.

1o T, IS RUVERIZ, TIHER TOMDLATHFRNRIEHOEDR ], TR0 2 TEENRMMCE T
LAEERAN - ORI L T8y 7 5 —2 215 H Uzt OfEEs et OIS 23, 4 % UL RIChEIA <
BOMINAHAY 7 LTV DRHRAITHEIL LT Z &g Wiff s s.

(337)



70

Data Driven Regulation (J£#£) |

\

oS
Obandi—y-) (MEMSBIEES)

28 Data Driven Regulation, #&ERFARUMEE=F I DY VDR

Ship Shore
Data Center Application Provider User
T
(operated | — | ™ = =
LAN by neutral E monitoring
M/E bodies) s
- ﬁ Ship
Asia 3 owner
D/G 8 Weather
e 3 | = routing
o -~ o |
Boiler broadband = e
T/G... P— 5 = Management
] 3 company
IE. | B Engine B
=1
ECDIS v K ™ management =
rd €
ERl= application Europe | 8 4 Engine maker
— |4
Cargo | | eather -l & Remote
crane routing & || maintenance | sk
- Performance ELAIITET
* Engine -
maintenance H Marketing
= Plant operation @ and
L optimization b= Bigdata |
analytics

JSMI'" Japan Ship Machinery and Equif A
20 BAMAIZRNORT— FHEX—Y 3 VHREOMEF—T> TS5y F I+ —Law T FOBEE

9. BhYIZ

AFWILTIE, g LA ZZ 2R O SR8 T SeimOmE M A (C BT 2 RMRFS FEOBE (Fk 26
FEPE~FRE 27 ) | TRV THERL L 72 51T OV TR L72. IMO GBS % Bz 0 12, M2 4 & A im e
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AP, ARG - WGBTS AT A, IERE T =2 ) RO =2 Y T U AT LEIZONT
WHPERRZ I £ L0, 7o, MARGRRORERAE & ORAIREITINA T, FRRSREE, AR TR AE M OV 55 AL D S
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