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Fig. 1-1 Example of wave pressure load.

Fig. 1-2 Example of inertia load of container weight.
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BRMEAR B 25 O P R IS kT AR RED A0 L L, 6 = ’}{(’)—'*L’ffﬁﬁb\f, K(6) & LLF
IZEHT 5.

Vo2 + 02y T, ™ oom
80wss = [P (2P +00) TG H1) @)

FE T227 bk LEHRT D, ZoXTIHISHHEFAOFTHE 0 RAITHF T TR
V. 2B, 0% KD D FIEIL 23 2H TS, BIE LTI EE 2 K897 E ORI C
KL, Dyg =XNiADyg; L7085, THITKY, M AEIEINE OMEHERR 222 A\ Tl 7 pkE
JEAEHRTENTE. #-oT, WHERBIGEORIRIGEIC T 2 EEREZOL (9) &
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ARSI OISR ORI 2 SN2 D 2 LN EERE L 25, 22T, X
(ML 2 S DJE TSy DIRENE S 43\ CBEL T2 etk D 1 7 Ziffe & 7 DA DRk b H
HIZAGDETIETHY, MIERT IV 7EORMEINEZME D X 5 @ BRI v
ZWETIE AR EETRT I ENTET, BAKEHOF LEHEOY—JHENR LAY —
OYARNCOE 9 MBI IREN & L CHl 5 FIESe, INHIR OB A OB R E AW D 7e PR 7
JTFHEBBIRE SN TV, —JF, B ORA IR FICTERICH LTINS D
HAMEZ G L2 E0E, EFEOPHAE LR CERY7T-6R0oTo. 22T, AEB X
OREIZT, AT MVEOTERMEIZOW TS, FFARE CIETEMRNFE SN,
R TFETHD LA 7 a—h 0 MR DT WEE L O 1T .

2. 2 RHETAISE
2. 2. 1 x&MHp

FFH 2T o 7o Iy v X <=V v A7 v RER)IC TR L7- 8600 EfE = > 7
TH T, ZOFFEH% Table 2-1 12777, FHANE 20124 5 A 725 2016 4= 9 H 2T TiT-
7o. BHMIL7=THH % Fig. 2-1 12739, SALEICOT A=V 200 £+, ERRHES D &
IR ESERHES ) 2 skd 7. 22T, MR ERARAERIS T Zopyp, MYARH S R
FEIE 1% opys, MR ISR SRS ) & opyp, MR ISTINIEA RIS ) Zopys & T
5. EOMOFHROLFRT Table 2-2 12777,

Table 2-1  Basic characteristics of the container ship.

Loa 334.5 m (approx.)
Breadth 45.6 m
Depth 244 m
Design Draft 14.0 m

Gross Tonnage 97,000 ton (approx.)
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Fig. 2-1 Sensor arrangement

]

DAP/DAS ® DMP/DMS ®  DFP/DFS ™

] BFP/BFS

BAP/B BMP/BMS IJ

Fig. 2-2 Sensor arrangement at each section.

Table 2-2  Sensor list.

DAP/DAS deck at aft port/starboard

BAP/BAS lower longitudinal bulkhead at aft port/starboard
DMP/DMS | deck at mid-ship port/starboard

BMP/BMS | lower longitudinal bulkhead at mid-ship port/starboard
DFP/DFS deck at fore port/starboard

BFP/BFS lower longitudinal bulkhead at fore port/starboard

L-1 deck at accommodation area(fore) at port side

L-2 deck at accommodation area(aft) at port side
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HLOD, VAT LDOKEEH MO RN EAFIZ L VRESTT DDA BT — 2 %
G52 ENTE o 72. (2)D Forecast 77— # TR ST ORERGHFICHE S 11 HIH
JeET (6 FFHEIC 264 FFHE £ C) OTHMT —Z BMEH SN TWH[39]. AOArE
& WG 2 FLICIRFZE M IE 24T 5 2 & C LI O BIER P oA R &, FHREY,
W& 2552 LN TES. (3)? Hindcast 77— # IX RERGIRHERE T — X _X— R |2 HSNW T
HEE S5, RERPIRAER T — % ~— & X NCEP(National Centers for Environmental
Prediction) D b JAEBIENTIEZ AJMEE L, HIRET /L (WAM) ZHWCEHELZLO
THDHA0]. GHENDH /T A—% L LT, 1RHOESES T oA, WEY, ik
&, WASZ Mu, 6 - BEERSH D, 2L, AEMFHIICE O TIATT DI
A MR DLTD, TRTOFHIHMF TOT =X IZBHETE T, (4) OER
(X9 DA 2RI U= HEE T & LT, Nielsen et al. [41] 512 & 0 fMAIES) ) 5 ifE S5
EIENT T 2 FIEDRRA LI TN D, EIEF IS 2 O TS O MR35 F
ELHESNTVDH[42][43]. LavL, FEAIHERT DI EREE o127 o M
N 5.

AHFFETIE, SEA-NAVI®Z VT Forecast # AF-L7=. Z DOWRT — X ITKETOL
BREIREICEASS THT —2 Th 0, 1HIC2\] (0FFE 12KF) IThEESND. ZOTHT
—ZIZBE LTI NE TIAT T2 EFHAIT — & LR THT — % O REEIZ L 0 T
FERHEO 2 AREOHMNIIIER LN T2 PR INLTVD. 2O END
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12 BRI ISR T — X E RO b DICHEH T2 FEEHA Lz, =720, CoRE
EFEIZTPRICTECWD D, EAMEZRAEST 2L ERSHDH. £ 2T, Fig. 2-3 12 2015 4% 07
H 05 H/2% 2015407 H 31 HO 7 27 — Ktk &, 20154F 08 H 01 H 25 2015 4 08
A3l HOEZIELRKEB LAk —7 7 HRIC TL— 44— A7 A L HEHAfE &
Forecast D i @ & DI Rst L7l A2 ~3. Fig. 2-4 12— — 2 A7 AT L 5 FHME
& Forecast DA il i & DL 2o~ FEJEEI S Fig. 2-5 1277, ZHHDK KLY
Forecast & L — % — L A7 A —EH L TWBH Z &0 bhd. EOERERLY,
Forecast 7 — & Z-fili Hl L THRARIEE LA LS & OBIMREZRAET 2 Z LI LD 3720
EEAD.

AWFETIL, 7T — & OFEIIREF LR T 27201, fhdix 0l /v MR, 7
1%, LREEICAPNIC S F 72 TR RIE Ik L7oRBB I EEBR L, FHAEIM o » 6
19,897 H DS &4l L7=. Z DR % Fig. 2-6 [Z~d. Fxhgm &, FEikE, g
JAEA, BEDER A & Fig. 2-8 & Fig. 2-9(oRd. Z 2T, Mk, Rk, A, #
IBIE, JBIKIE Fig. 2-7 1278318 Y 180°4£22.5°, 135°#22.5°F /-1 225°+22.5°, 90°+22.5°F 7=
1% 270°422.5°, 45°+22.5°F /=13 315°422.5°, 0°+22.5° L T 5. LRt oHifE CAR AN E
LT MER OB % Fig. 2-6 129, Bl L, Mkidtho@ESEmnE Lo b
BHENZ N ERBIEE SN, B E OEBIXZNIEEHEERL 2. 2RO L
N%ITHAHFMEIMLUTTHY, EHD 69%IT 8~12 DA Th-7-. Zhbd
DB D, B LRI L TR 7 LIS S.

Fig. 2-3 Asia—North America route from 2015/07/05 to 2015/08/31.
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Fig. 2-4 Comparison between the wave radar and forecast for the significant wave height.
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H\T | 0.0-2.0 | 2.0-4.0 | 4.0-6.0 | 6.0-8.0 | 8.0-10.0 |10.0-12.0[12.0-14.0/ 14.0-16.0| 16.0- SUM
0.0-1.0] 176 836 2514 1368 547 597 67 14 6119
1.0-2.0 918 3067 1925 1365 423 200 17 7915
2.0-3.0 4 1432 1235 765 453 222 34 4145
3.0-4.0 194 572 277 155 49 1247
4.0-5.0 2 200 9% 64 22 384
5.0-6.0 50 11 13 10 3 87

sum | 176 836 3436 6063 4529 3111 1175 517 54 19897

Fig. 2-6  Frequency of sea state during measurement term.

Fig. 2-7 Relative direction considering the encountered waves and ship heading angle.
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Fig. 2-8 Frequency distribution table of encountered wave direction (oblique and beam sea covers wider
range of angle including waves from both sides of the ship) and that of significant wave height.
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Fig. 2-9 Frequency distribution tables for mean wave period and ship speed.
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S RO A REET A2, LA v 7 a—h vy MNERF) & T R 9
JEZFRE LR L i 5.

2. 3. 1 FMEXEA

TROS NPT T 5.

o JAREES UEEXAD  (Fig.2-1 OREEE) L1
o MMAEES (BAEXRE)  (Fig.2-1 OFHFEHED) )
o MMEBIRT v oN—T v XM : DAP
o MMEAHIERT v R—T v R : DMP
o MRRRITRT v /3—F v XM : DFP

2. 3. 2 BEREISERS EFRBRICERSTDREREDL

PEPEHEEN IS OREFEE 2 ST A2 H TV, BPERENSE & RIS RS 15

BEL, &4 OEMERFEZOLZIEEFRT D, FicOTFIEIZTIZRDT-.

(1) WS HRERANT — & % 1m0 450 5.

(2) &Py & BT DR RANT— 4% (ZLABEIL RAW & FES) ) BIRIRIGE D %
WHT A0y A Z7EE 03Hz O — A7 4 VX —%5 T 5. ZILIE,
0.3Hz UL F DI T —# 2 IR £ 713K E B %57 (LF) & FEOY, 0.3Hz BL LD T
— & Ze VEIRENIOE £ 71308 RS (HF) & FR5.

(3) Z DKWLy & B Ry TN TN OERERFZAEZ RO D, 2B, EEMEASICEEL,
r7yrrurEEAncEn ey U TREBIERD .

(4) =B RGT ARSEB R ORI RAEDZ L D, ZOHEZOEERTD.

2. 3. 3 RIIHER

Fig. 2-10 & Fig. 2-11 ([ZEHNE G DI ST EE (ADyp i, ADpp;) DOHEGFERAZRT. A
R I BT, WIRIGEIZE L CADgp(LF) & ADyg (LF) 13 —E L T\ 5. RAW T
IZADgp £V HADNg DTS 1249 fEE O DFER L 720, RAW TILLF LB L TIXHHE N
K& gotz, ZOELSEVOHERFE LT LERD X 512 2 2DIG Iy OIEE D +4y
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(ZBEN TSR D AT 7 AR & BT R DA O L B AR DETETHD Z ENE
A2 HND. DETEMFHMIN T O B I FE 2 RD, Table2-312F L. F7z,
Fig. 2-12, Fig. 2-13 (24 FHALA TO R T HEE 2R3, R RET v =7 v £/
AE(DMP)Z F3 1T 2 BTN S5 B B 1 LI RIS W2 B U CDRp(LF) & Dyp (LF) 1322 —E L T
%. RAW TlEDpp £V HDNgD M 126 5O DFER L 72D . Lo TR CIIIEHER 2%
N2 515 TP E L 2R 2 & ZRMOFHT & 722 - 7z

W EE I ZE U TR DEFHE A A STz,

o JEERAMA (L-1) IXDAPLE TOREFHEE LY b REL< Lo TWD. JF{EXHMAIT
XV = TInIDBRELRDTDTHS.

o JERERBZM (L-2) EBRERE (1) K9 BIEFEFEPFHEIIN NS 2o TS,
elE L, FEMEIRESE A BE T D LI EE T3 A< 2D, DMPALE LY &
BN A DR TR EREICE 2 DI RE V. ZAHDERDODE S E L TR
JEZE LT 2 HiREN 2V T < @A sy (B 20 3 HilfRE)) A TTVWD Z EREET
HID. PN, B EICTHEMT IV Iab—ra UEiREADETERETT).

o THMIRENSEDIE T EEICG X DB L LT, FHUHIM o BRI 57 0 R LR IR
JiZ CTDRp(LF) = 0.01135, RAW TDgr(RAW) = 0.02859 & 725 Z &b, 251 fFD7
IR AVTZ. A O RFEE 5 98 H T & thSCHRFAA RS R & Table 2-3 IR, ARG O#E R
IXAFIEDFER L L L TROoRKEL o TVDEN, MRRA%ETHDL LN D.

UEORER I Y, AT MVIEIZ K D00 5795 B IR A 1E ORETR B SR 63 2 57
BREREA & U CEMAMICHEARETH D Z L 2R L, S OICHHINE & ORI EE O
ZERIZOWNWTERLE. L, dERDIBAIE, BLTFOX IR TEY, w5t~k
VIATERIZIZ S O R DB NETH A 5.

[P SR i 24 S DI TR LR35 KA O AR AIE BN XT 1 70 » TR LIRS 28T
HLETIIED, o TRFREEF K SV Ty I T L—raranTri, BHEE,
BT P TR 5 R BRI 57 F el AR W T, BlZARA v B RIS
BRINTWRSTY, ZORBIIZITHVIAENTE T, LHRITREETHD. Fhi
x b, IR T EBE ) O BBET DA FIRERFHEICE SN TN T, Mk
METREE DAL, RRC— A7 b AR MEEE A OB TGP L TR 67, HARRE
e BHERR LTS5 TORNWEDOEER, ZUCxHIET 5. BE, =7 VRBRSOEMm
F=Z Y T ORREILL LT, ALRVEFEHTIRCALR MR IZ IR 537, World-wide fifii#
RO H A~ PRI A AT 2 KEMIA CTH - CTh, ARHEREE M O FREE D, A
v B T EOMRIEE OB L ZE UL, RRTIHEENL DR E L 2/BBICRD
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(FIRAEHT X 0 b AARIRENC X 23 5B BL) & 9 FEIRN H 5 [45][10]. FEERIC

2.0 DIEFTWEE A 1.0 IZRT AT, B Z21E 32 5 afkm R~ — 2 DM AHERE R
%, WEHAS— RCE R T DR AR R Z T 5. Lovl, LRI SR I3 S gt
L7c KA CoB B EN 19 BEEFKIE « ol OMEHREr 1T L CIHEREHR T,
HEE R B~ D AN G RGH DER ] S0 A8 22V AE G R DI AR PP Bk R 70 & C, 97 oR AL
~OBLENES D)%, EEMICHRIATERTUE, 3B NEFRRrneE2S. Blb, K
A v B T EOBIRE) O RIF 2B A B L T3 620, WMERIS ST & TiX
N,
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y =0.9689x
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ADNB(LF)

0.00002

0.00001
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Fig. 2-10 Comparison of fatigue damage of low frequency between ADrf and ADnb.
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ADRF(RAW)

Fig. 2-11 Comparison of fatigue damage with high frequency between ADrf and 4Dnb.

Table 2-3 Cumulative damage factors of each method (Measurement).

Dyg (LF) | Dyp (RAW) | Dgp (LF) | Dgp (RAW)
DMP 0.01106 0.03616 0.01135 0.02859
DAP 0.00691 0.02440 0.00673 0.01584
DFP 0.00364 0.01053 0.00349 0.00687
L-1 0.00899 0.02200 0.08920 0.01705
L-2 0.00273 0.00871 0.00264 0.00752
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Table 2-4  SVEIRENISE DM T 90 H BEIZ G- 2 5 R8T BT 2 SCRRFA ARG R

Fatigue Damage

Ship Type . (D(LF+HF)/D(LF)) reference
8600TEU 2.51 i
14000TEU 2f5L0 1 H.G. Ki et.al [14]
4600TEU 1.53
[46]

14000TEU 1.75

2.27(# #%:East-Asia to Europe)

TE " .
8600TEU 2.38(JfL ¥ :North Pacific)
G. Storhaug et.al [12]

8400TEU 1.72
14000TEU 2.36 Helge Rathje et.al [8]

TR R Ok R

1.88 (P[] = 0 B : head sea)
13000TEU . 47

2.45 (1 = 30 F) 471

3.50 (1A & 60 FE)
2800TEU 1.35
4000TEU 1.85
4400TEU 1.41 [48]

HSES (D%

4400TEU 7J\<1:El uitsﬁ@ifljﬂ:%

1.59

HSES (D%

8600TEU ;kl*jl ARBR D Fil 3
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Fig. 3-6 Relationship of the STD of LF between o prp and ayg/0yp/0wp/0 4x during measurement
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Table 3-1 Top five sea conditions causing large vertical bending stress.

Date/Time Latitude | Lonitude 1/1000 Wave Wave | Wave
(JST) £ Expected stress | Direction | Period | Height
2014/01/29 37.07 -9.38 56.01 210.20 13.18 | 5.18
23:00
2014/01/29
22:00 36.88 -9.31 55.32 184.29 13.15 | 5.28
3(1)};(;01/29 36.75 -9.17 53.39 178.60 13.08 | 5.31
3(1).15‘(;01/30 37.46 -9.51 50.96 209.74 13.20 | 4.95
2014/01/30 37.26 -9.44 49.93 208.40 13.20 | 5.06
00:00

Table 3-2 Top five sea states causing large warping stress.

. . . 1/1000 Wave Wave Wave
Date/Time (JST) | Latitude | Longitude Warping stress | Direction | Period | Height
%8.106(;01/10 39.34 -49.58 23.09 60.81 9.52 5.63
2016/01/11
0900 39.74 -55.26 21.91 22.23 10.70 4.05
2016/01/11 39.52 -51.97 21.38 41.40 9.38 5.45
01:00
2016/01/10 39.38 -49.93 20.98 59.40 9.34 5.69
20:00
2014/01/29 36.75 -9.17 20.89 178.60 13.08 5.31
21:00

Table 3-3 Top five sea states causing large horizontal bending stress.
Date/Time . . 1/1000 Wave Wave Wave
(JST) Latitude | Longitude Expected stress | Direction | Period | Height
2014/01/29 36.75 -9.17 14.55 178.60 13.08 5.31
21:00
%3'106(;01/10 39.26 -48.88 13.30 65.09 9.61 5.45
2016/01/11
20-00 39.83 -59.11 11.85 276.75 8.68 5.03
%2_106(;01/10 39.22 -48.50 11.55 66.93 9.37 5.32
2016/01/10
20-00 39.38 -49.93 11.19 59.40 9.34 5.69
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Fig. 3-7 Stress time history of DMP at 21:00-22:00 on 2014/01/29 (JST).
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Table 3-4 Statistics table of g in each sea condition (head sea).

Mean Wave Period [s]

Wave \SignificantWave | 50 | 5040 | 4060 | 6080 | 80100 |10.0-12.0 |12.0-14.0 | 14.0-16.0 | 16.0-
direction |Height [m]
head sea [ 0.0-1.0 5.222 2.147 3.453 1537 0.557 0.284 0.439

1.02.0 2.153 1.287 0.681 0.465 0.227

2030 0.699 0.559 0.506 0.273

2.04.0 0.664 0.565 0.577 0.240

4050 0.859 0.602 0470 0.463 0.130

5.06.0 0.481 0.480 0.210 0.405

Table 3-5 Statistics table of 8 in each sea condition (forward oblique sea).

Mean Wave Period [s]

Wave —|SignificantWave | o5 | 5040 | 2060 | 6.080 | 80100 |10.0-12.0 | 12.0-14.0 | 14.0-16.0| 16.0-
direction |Height [m]
forward |0.0-10 6.219 2.847 2.528 0.995 0.441 0.419 0.565
oblique
sea 1.0-2.0 1779 0.963 0.477 0.424 0.365 0.391

2030 0.799 0.568 0.451 0.492 0.473

3.0-4.0 0.754 0.659 0.503 0.422 0.616

4.05.0 0.224 0.527 0.568 0.516 0.343

5060 0.874 0.605 0.556 0.489
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Table 3-6 Statistics table of 8 in each sea condition (beam sea).

Mean Wave Period [s]

Wave | SignificantWave | ; o 4.06.0 6.08.0 | 80100 | 10.0-12.0 | 12.0-14.0 | 14.0-16.0 16.0-
direction |Height [m]
beam sea|0.0-1.0 2.296 1.657 0.771 0.426 0.365 0.212 0.139
1.02.0 1.317 0.641 0.400 0.266 0.382 0.420 0.263
2030 0.574 0.385 0.294 0.219 0.340
3.0-4.0 0.575 0.426 0.337 0.306 0.429
4.05.0 0.396 0.406 0.407 0518
5 0.369 0.542
Table 3-7 Statistics table of ¢ in each sea condition (aft oblique sea).
Mean Wave Period [s]
Wave | SignificantWave | o >0 | 5040 | 4060 | 6.0-8.0 | 8.0-10.0 |10.0-12.0 |12.0-14.0 | 14.0-16.0 | 16.0-
direction |Height [m]
aft 0.0-1.0 1.976 2.133 1201 0.803 0.421 0.246 0.938 0.640
oblique
sea 1.0-2.0 0.816 0.500 0.238 0.216 0.420 0.136 0.087
2030 0.355 0.213 0.115 0.148 0.221 0.292
3.0-4.0 0.271 0.195 0.165 0.262 0.207
4.05.0 0.196 0.173 0.434
0.237 0.230
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Table 3-8 Statistics table of 6 in each sea condition (follow sea).

Mean Wave Period [s]
w Significant W.
e ‘grinicant Wave | 5 0-2.0 2.0-4.0 4.0-6.0 6.08.0 | 80100 | 10.012.0 | 12.014.0 | 14.016.0
direction |Height [m]
follow |0.0-1.0 2.520 2.297 1.303 0.925 0.572 0.251 0.226
Sea
1.0-2.0 0.715 0.422 0.200 0.214 0.263 0.117
2030 0.501 0.246 0.150 0.089 0.205 0.094
3.0-4.0 0.122 0.101 0.099 0.136
A4.0-5.0 0.065 0124
50-6.0 0.057 0.067
Mean Wave Period [s] Significant Wave Height [m]
25 Wi1o020
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3040
® W4050
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1.5
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10
L]
¢ 2
0.5 & e ©
0.0 ¢
4060 6.0-8.0 8.0-10.0 10.0-12.0  12.0-14.0 14.0-16.0 16.0-

Fig. 3-20 Relation between 6 and mean wave period concerning the head sea.
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Fig. 3-21 Relation between 6 and mean wave period concerning the forward oblique sea.
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Fig. 3-22 Relation between 6 and mean wave period concerning the beam sea.
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Fig. 3-23 Relation between 6 and mean wave period concerning the aft oblique sea.
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Table 3-9 Statistics table of 6

classified by ship speed in the head sea.

Mean Wave Period [s]

Wave | Significant Wave | Ship 0.0-20 | 2040 | 406.0 | 6.08.0 |8.0-10.0 |10.0-12.0|12.0-14.0|14.0-16.0| 16.0-
direction |Height [m] speed [kt]
headsea [0 0-10 5.0-10.0 0.536 0.776 0.671 0.230 0.182
2785 | 3.177 2835 1077 0.635 0274 | 0323
8.106 | 1.975 3.600 1718 0.415 0.807 0.593
1.612 4.008 2.373 0.569 0.198 0.279
1.0-2.0 0.813
0.663 0.247 0.440
1.648 1.072 0.684 | 0.250 0.127
2466 1305 0.666 0.455 0312
2.021 2.311 0.844 | 0761 0.216
0.382 0.333
0.639 0.511 0.616 0.868
1.219 0.597 0.501 0.262
1.867 0.574 | 0517
3.0-4.0 0.477
0.379 0.310
0.588 0.406
0.832 0.797 0.577 0.240
1050 0.481 0.259 0.130
0.570 0.533 0.444
0.859 0.718 0.470 0.498
5.0-6.0 0.481 0.210
0.480 0.405
Table 3-10 Statistics table of 6 classified by ship speed in the forward oblique sea.
Mean Wave Period [s]
Wave | Significant Wave | Ship 0.02.0 | 2.040 | 406.0 | 6.08.0 |8.0-10.0 |10.0-12.0{12.0-14.0|14.0-16.0| 16.0-
direction |Height [m] speed [kt]
forward [0.0-1.0 0.287
oblique 0.864 | 1.148 1094 | 0.420
sea 5938 | 4.302 1987 0.893 0.647 0.272 1325
6591 | 2.436 2674 | 00912 0.425 0.528 0.485
2.836 2.590 2.131 0.463 0.169
102.0 0.626 0.850 0.291 0.168
1.293 0.841 0494 | 0622 0.311
1951 0.995 0464 | 0.386 0.438 0.391
3304 | 1352 0.619 0.171 0.106
0.298 0.273
0.720 0.502 0.403 0.439 0.318
0.819 0.702 0.525 0.500 0482
1732 0.645 0.433
3.0-4.0 0.713 0.326 0.177 0.249
0.688 0454 | 0443 0.433
0.792 0.706 0.509 0.425 0.642
0.560
4050 0224 | 0260 0.206
0.420 0774 | 0.479 0.288
0.583 0.557 0.525 0.515
5.0-6.0 0.874 0.368
0.606 0.661 0.489
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Table 3-11 Statistics table of g classified by ship speed in the beam sea.

Mean Wave Period [s]

Wave | Significant Wave | Ship 2.0-440 | 4.06.0 | 6.080 | 80100 |10.0-12.0 |12.014.0 | 14.016.0| 16.0-
direction |Height [m] speed [kt]
beamsea|0.0-1.0 0.1-5.0 0.462 0.348
2.441 4.401
2.463 1.403 0.628 0.400 0.402 1151
1847 1.856 0.835 0.438 0.379 0.170 0.121
2.296 2.161 0.694 0.428 0.352 0.305 0.640
1.0-20 0.504 0.443
0.883 0.755
1268 0471 0431 0.204 0541 0.138
1329 0.792 0382 0.278 0359 0.420 0.263
0.770 1.108 0.460 0.329 0.266 0.265
2030 0.770 0.205 0.298 0.266
0.367 0.419 0.315 0.309 0.309
0.694 0.302 0.281 0.319 0.439
0.915 0313 0.386 0.456
3040 0.539 0.221 0.180
1 0.745 0.406 0.399 0.353 0.431
1 0.596 0.453 0.360 0.295 0.426
2 0553 0346 0326
4.0-5.0 1 0.420 0.378
1 0.387 0.408 0.417 0.518
E 0.288 0.379
5.0-6.0 1 0.360 0.496
1 0.384 0.558
Table 3-12 Statistics table of 8 classified by ship speed in the aft oblique sea.
Mean Wave Period [s]
Wave | Significant Wave | Ship 0.020 | 2040 | 406.0 | 6.08.0 |8.0-10.0 |10.0-12.0|12.0-14.0|14.0-16.0| 16.0-
direction |Height [m] speed [kt]
aft 0010 0.760 0.457 0.225
oblique 7.148 1.098 0.926 0.944
1827 | 2.153 1119 0.720 0.786 1.298 1.034 | 0.640
sed 2197 2.059 1.405 0.848 0.447 0.246 0776
2.443 0.955 0.956 0.305 0.240
1.0-2.0 0.238 0.284
0.674 | 0.479 0.273 0.225
0627 0.429 0.236 0.135 0.095 0118 0.087
0934 | 0534 | 0.230 0.239 0.420 0.140
0.879 0.463 0.363 0.700 0.214
0.457
0.449
0.338 0.202 0.133 0177 0.266 0.660
0363 0213 0.106 0127 0.208 0.260
0.309 0.359 0.088 0.101
3.0-4.0 0.505 0.753
0.197
0.421 0.143 0.212 0.264 | 0.207
0.248 0.194 | 0.161 0.227
0.257 0.236
4.0-5.0 0.097
1 0.444 0.353
1 0.190 0.131 0.441
2 0.255 0.239
5.06.0 1 0237 0230
B 2 024z

57




Table 3-13 Statistics table of @ classified by ship speed in the follow sea.

Mean Wave Period [s]
w Significant Wave | Shi
Lave. ‘gnificant Tave | Ship 0.020 | 2.040 | 4.06.0 | 6.080 | 80100 |10.0-12.0 |12.0-14.0 | 14.0-16.0
direction |Height [m] speed [kt]
follow 0.0-1.0 5.0-10.0 1.157 0.904
sea 1 2.436 2.142 0.934 0.912 0.717 4998
1 2688 2681 1878 1269 0528 0224 0.226
2 1.107 0.950 0.756 0.429 0.653
1.0-2.0 0. 0.265 0.223
5. 0.313
1 0.703 0.383 0.385 0.158 0.172
1 0.768 0.473 0.176 0.392 1.451 0.117
2 0.642 0.436 0.617 0.650 0.309
) 0174
0.171 0.072 0.067
1 0.975 0.229 0.120 0.141 0.284 0.149
1 0489 0.296 0.182 0.082 0.158 0.093
2 0.213 0.180 0.139 0.229
3.0-4.0 1 0.120
1 0.122 0.096 0.088 0111
2 0.161 0.124 0.109 0.149
4.0-5.0 1 0.065 0.140
2 0.041 0.035
5.0-6.0 1 0.057 0.067
Ship speed [kt] Significant Wave Height [m]
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Fig. 3-25 Relationship between 6 and ship speed when the wave period is between 8 and 10 seconds in
head sea and forward oblique sea.
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Fig. 3-26 Relationship between 6 and ship speed when the wave period is between 8 and 10 seconds in
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Fig. 3-27 Relationship between significant wave height and 8 concerning DMP.
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Fig. 3-33 Relationship between standard deviation of wave frequency response and that of high

frequency response as it affects vertical bending stress; distinguishing between whipping and springing.

Table 3-14  Typical head sea states observing stress time history of high frequency response (HF) and
wave frequency response (WF).

Standard Stal.lde.lrd
. . deviation
date wave wave ship deviation . -
€8 1 fime height | period | speed | of of ratio Whipping
state | ye) [m] [s] [knot] | HF stress ::?: « (HF/WEF) | Factor
[MPa] [MPa]
1 %2}5(;08/09 0.785 | 6.0 19.8 | 1.87 0.80 2.34 2.83
2 29015/01/09 3.724 | 8.60 172 | 6.16 6.14 1.00 1.73
3 3?016‘/01/29 5.164 | 12.82 12.6 | 5.43 11.32 0.48 1.37
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Fig. 3-34 Stress time history of DMP in the sea state 1 where the standard deviation of high frequency
response is greater than that of wave frequency.
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Fig. 3-36 Stress time history of DMP in the sea state 3 where the standard deviation of high frequency
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Fig. 3-38 Comparison between measurement and proposed method concerning influence of 8 on fatigue
damage.

Fig. 3-39 Voyage routes distinguishing between whipping and springing responses.
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Fig. 3-40 Measured fatigue damage with high frequency response of DMP.

73



Fatigue damage

0.008

0.007
o 0.006 -
3
g€ 0.005 -
3
9 0.004 -
2 0.003 -
£ 0.002 -
0.001 -
0.000 -
% w ™
3 ?f, E
= =
= o
£ 2
[an] [T
I :
3 =]
o [aa]
T
2
[
o
Fig. 3-41 Measured fatigue damage with high frequency response of DFP.
0.018
0.016 -
0.014 -
0.012 -
0.010 -
0.008
0.006 -
0.004 -
0.002 -
0.000 -

32
[
o

™
=
a
2
[N,
=
@
T

3

[g]
o

™
T
+
[N
=
o
z
[N
I
+
L
=
@
T
2
©
o

Fig. 3-42 Measured fatigue damage with high frequency response of DAP.

74



3. 7 BEFHEELBEZOMEBEAER

355 HHIZTARA v By VBRI 2 < BlE2 S 1L HUWHBIT T R FEE 7 #E LD 96%
D Z AR L. REITHE, S OICHEPRIRET v =7 v X /el (DMP)  Z 5Fflix
G2 L LT, Fig.3-43 75 Fig. 3-46 (2”9 K 9 I BRI S5 4 5 S 2 A 6 S g 38 K OMESHZ
MEBICHEL, BEOREWVEREEET D, B, AHTEHFS v 7 AT >
XU 7 ORSFITOT, 2ESREAVCT— 228 L. ZhbOXEHEET D L0
P - BRI CHE SR EE N RE L, B - RhEE T/ <o TWA. Fig. 3-43 & Fig.
3-44 X 0 PP EEAS~OFENRKREVBRIIARE SN 3mNDS 5m Th D 2 EREIET
X 5%. F72Fig. 3-45, Fig.3-46 |Z/R3 0, RHAE CORFENKRZ V. Fig. 3-47 [ZFH*RHE
1] X \Z%F9° % D(LF) & D(RAW)- D(LF) (BMEIRENLEIC K DN &) Db &R
T ZOREY, BERESE DR S HEEICE 2 5 BITETE L0 b T REVER
WZHDZENDbN5S.

P E B LR OFEARRIC O W T E HICELEEZIED L2012, iRt i (DMP)
Z 35 & LT, Fig. 3-49 725 Fig. 3-51 (2 BRI 57 55 B % I v & R Jo 41 4 L 2 o3
L7z, Fig. 3-49 [FRIRIGE T35 2 B 7 ok 2 L g5 o FBARAMR Z7~ L, Fig. 3-50 1%
SMEIR BN & & Lo BAEIR S50 EE & R OFIBIBIfR 2 7. Fig. 3-51 1X M IRENGE %
BT BRRNE THE B & RIS E D BRI ST EEE DL L R OMBEBfR A R LI b DO TH
L. IO EY RAW, LF & HITHE 3~5m 204 JE #5128 8~10 B> DS )3
FWEE~DOFENRKENZ ENb0D. —F, Fig. 3-51(Rd3@ 0, 1K &> E I E
oS & RitE» o RREM TN b IT ERMEAICH 5. BiE TR IRIGE RS D37
&L, FRANCHERBIGEDORBENRRKEL holzlzd tEZ NS, BHITEE LA
BWENENZ EDNBNRT T LT AT IV TOMEAT QL VT EOIFRFEMENEL,
PEIRENSE D FENREL RDINLIEEEZILND.

LEDOBEFER LY, RAW, LF & HITEFWEE~DOFLERRE WVIBRITA RS
3m 5 5m LA 8 6 10 DMR TH L —TJ7, WHERESE N KR E <
B DWRITA RS 5m O VEEEN 12006 14 TH D, WA DORENKE L
IRDWERNEIRD Z LG, JETREFHMEIC BV CHEMEIRENE 2 B BT 25 AE, B
I U TR 21T 5, F3E T ~OFENREWIBRIZ TRBRE R 2 kET
DUMENRHDEEZOND.

75



DRF mDNB

0.004

0.003

0.002

Fatigue damage

0.001

0.000 o T
0.0m-1.0m 1.0m-2.0m 2.0m-3.0m 3.0m-4.0m 4.0m-5.0m 5.0m-6.0m

Significant wave height [m]

Fig. 3-43 Comparison of the fatigue damage of low frequency concerning DMP between measurement
and proposed method, categorized by significant wave height.
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Fig. 3-44 Comparison of the fatigue damage with high frequency concerning DMP between
measurement and proposed method, categorized by significant wave height.
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Fig. 3-45 Comparison of the fatigue damage of low frequency concerning DMP between measurement
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Fig. 3-46 Comparison of the fatigue damage with high frequency concerning DMP between
measurement and proposed method, categorized by relative wave direction.
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Fig. 3-47 the fatigue damage with ratio of RAW-LF to LF (Dgg).
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Fig. 3-48 the fatigue damage with ratio of RAW-LF to LF' (Dng).
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Fig. 3-49 Fatigue damage of Drp(LF) in each short-term sea state obtained from measurement.
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Fig. 3-50 Fatigue damage of Drp(RAW) in each short-term sea state obtained from measurement.
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Fig. 3-51 Ratio Drp(RAW) to Drp(LF) in each short-term sea state obtained from measurement.
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Fig. 4-1 Fatigue assessment flow
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Fig. 4-2 Simulation model for Rankin source method (ZWAVE).

Fig. 4-3 Whole ship FEM model.
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Fig. 4-6 Comparison of the 2012/04-2012/10 time history of standard deviation concerning LF stress
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Fig. 4-7 Comparison of the 2012/10-2013/03 time history of standard deviation concerning LF stress

(y/4o,) between simulation and measurement.
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Fig. 4-8 Comparison of the 2013/06-2014/01 time history of standard deviation concerning LF stress

(1/Ao,L) between simulation and measurement.
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Fig. 4-9 Comparison of the 2014/01-2014/07 time history of standard deviation concerning LF stress

(1/4o,.) between simulation and measurement.
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Fig. 4-10 Comparison of the 2014/07-2015/02 time history of standard deviation concerning LF stress
(1/Ao,L) between simulation and measurement.
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Fig. 4-11 Comparison of the 2015/07-2016/01 time history of standard deviation concerning LF stress
(y/4o,) between simulation and measurement.
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Fig. 4-12 Comparison of the 2016/01-2016/05 time history of standard deviation concerning LF stress
(1/Ao,L) between simulation and measurement.
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Fig. 5-2 Comparison between results of simulation and measurement concerning 8 (DFP)
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Table 5-1 fhiH L 715

Date Time Wave direction Wave period Significant wave

[degree] [s] height [m]
2014/01/29 23:00 | 210.20 13.18 5.15 Head sea
2016/01/10 19:00 | 60.81 9.52 5.63 Aft oblique sea

1 OO TH D, T DORED AT N VO JEE$RR Sy % Fig. 5-13, Fig. 5-14 (2
AT OO EBET D L, HEWKOEEERS & LT 0.078Hz (T=12.8s) &7V,
SRR BN S O A W 4% 431% 0.518Hz (T=1.9s) TH o7z, T H DD IHIE E DIRHE)
BT DAY MR —EEFRHZIY, FHREZ & > TUSTMEICE# LT, ZORER
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Fig. 5-29 Fatigue damage of Dyg(LF) in each short-term sea state.(J /% Sm LL_E THGH)
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Fig. A-4 Box plot for the correlation between 8 and mean wave period obtained from forecast (Aft

20kt-25Kkt)

oblique sea, ship speed
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Fig. A-5 Box plot for the correlation between 8 and mean wave period obtained from forecast (Beam sea,

ship speed

Okt-10kt)
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Fig. A-6 Box plot for the correlation between 8 and mean wave period obtained from forecast (Beam sea,

ship speed

10kt-15Kkt)
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Fig. A-7 Box plot for the correlation between 8 and mean wave period obtained from forecast (Beam sea,

ship speed

15kt-20Kkt)
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Fig. A-8 Box plot for the correlation between 8 and mean wave period obtained from forecast (Beam sea,

ship speed

20kt-25kt)
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Fig. A-9 Box plot for the correlation between 8 and mean wave period obtained from forecast (Follow

sea, ship speed

Okt-10kt)
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Fig. A-10 Box plot for the correlation between 8 and mean wave period obtained from forecast (Follow

sea, ship speed

10kt-15Kkt)
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Fig. A-11 Box plot for the correlation between 6 and mean wave period obtained from forecast (Follow

sea, ship speed

15kt-20Kkt)
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Fig. A-12 Box plot for the correlation between 6 and mean wave period obtained from forecast (Follow

sea, ship speed

20kt-25kt)
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Fig. A-13 Box plot for the correlation between 8 and mean wave period obtained from forecast (Forward

oblique sea, ship speed

Okt-10kt)
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Fig. B-2 Simulation model for Rankin source method (ZWAVE).

Fig. B-3 Whole ship FEM model.
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Fig.B-4

Fig.B-5

Fig. B-6

AR P OKE O (B85 15m, VL=1.0, V=20knot)

step=2890 (& 15m, WL=1.0, V=20knot)

step=2944 (& 15m, ML=1.0, V=20knot)
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Fig. B-9 Comparison between simulation results and full-scale measurements in terms of stress spectrum
at mid-ship
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Fig.B-10 Time series of simulation results concerning stress values at mid-ship
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Fig. B-11

exceedance probability of hogging stresses in the aft part of the container ship.
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Fig. B-12 Comparison between simulation results and full-scale measurements concerning the

exceedance probability of hogging stresses in the mid part of the container ship.
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Fig. B-13 Comparison between simulation results and full-scale measurements concerning the

exceedance probability of hogging stresses in the fore part of the container ship.
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Fig. B-14 Comparison between simulation results and full-scale measurements concerning the

exceedance probability of sagging stresses in the aft part of the container ship
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Fig. B-15 Comparison between simulation results and full-scale measurements concerning the

(a-2) mid-ship without whipping component (b-2) mid-ship with whipping component

exceedance probability of sagging stresses in the mid part of the container ship
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Fig. B-16 Comparison between simulation results and full-scale measurements concerning the
exceedance probability of sagging stresses in the fore part of the container ship
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Table B-1

Results of statistics analysis (Hogging)

Wave components Wave with Whipping
_ [MPa] [MPa] Whipping
Significant values 1/1000 ratio
expected 1/1000 expected (B/A)
Range Amplitude maximum maximum values (B)
values (A)

AFT 40.6 20.0 41.1 534 1.30

Measurements MID 67.8 36.1 62.6 76.5 1.22
FORE 40.7 20.0 36.6 41.8 1.14

AFT 41.9 18.8 35.2 59.8 1.70

Simulation MID 52.4 23.7 42.5 71.7 1.69
FORE 38.2 16.6 30.1 49.3 1.64

Table B-2  Results of statistics analysis (Sagging)
Wave components Wave with Whipping
[MPa] [MPa] Whipping
1/1000 1/1000 ratio
Significant expected expected (B/A)
values maximum maximum
values (A) values (B)

AFT 22.1 51.1 75.8 1.48
Measurements MID 33.7 65.6 102.1 1.56
FORE 22.1 52.3 74.8 1.43
AFT 25.7 82.5 110.3 1.34
Simulation MID 31.8 88.6 125.7 1.42
FORE 23.7 79.7 95.5 1.20
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