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b) AAIAS stress factor (fay, faq)
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7. 2945 #4

1) SpeciationdlA] &73t= 2,760TEUx14T/TEUS
Deck’dell AA| gtz & o, ofgfoA Fo3 REE

Homogenous 3}A] HoldWe] —z&a
g o 2 Mulo] KGFA A L.

HOLD (container 2,322
5 12.679
DECK (container 438 TEU) I, Container SHHe] VCG = 45%
Container o] & 7}4 3k},
FRESH WATER 17.750 Spec.¢] Tank £% 0 @5 E T3
HEAVY FUEL OIL 4.856 2,500
DIESEL OIL 13.988 Spec.] Tank £% 025 E T3
LUBRICATING OIL 11.217 265
MISCELL 4.705 119
STORE & PROVISION 17.507 44
DEADWEIGHT CONSTANT 21.146 205
LIGHTWEIGHT 14.705 72y FARE g AR
DISPLACEMENT
DRAFT H 1
KB [m] | BM [m] | VOLUME[m®]
[m]
10.1 | 5.496 9.225 60754.6
10.2 | 5551 9.16 61499.6 | A8 HZHS &
10.3 5.607 9.096 62244.6 | KB ¢ BM 54
10.4 |  5.663 9.033 62989.6
105 | 5.718 8.972 63734.6
10.6 |  5.774 8.912 64479.6
10.7 | 5.829 8.855 65400.7
10.78 | 5.874 8.808 65820.5
10.8 | 5.885 8.797 65969.5
10.9 | 5.941 8.741 66714.5




2) A DA FA3 KGE A3t Aute]l GM gto] 0.6 o]’do] HEF HH ol
Water ballast& A &3] AA 3tA L.

GM3zto] 0.6°] ¢+ H&= A9 KGE 37| 98 BallastingS 3ioF §t}. 2+ Ballasting Tank
o] J¢JoF & Ballasting water?] & AAHSA L.

(&, Ballasting & W= ®=9] Free surface effect(RHr B 23 F4 A% &7)
#H3t GoM #= AAsfoF 3)

XLZ

1A

]

|

i m : SIEAO| MRl HIE] ME]
fw o SlE RO M| S8
W :bHo| S

B i QISR MRl Sl
i 2K HE QHE
4 L p.1 SHEAO| M BT
/g. : \ Py IS BE
L LV HHO BN :

<GZ>
AN GZ CurveE A8, IMO Rule® &3 %7 3 Heel angle 30° 71X ¢ 23& ¢
Eal=A F13HA L.

ojuf, Mutel FHulo] 2 Hwolgt 7HGSIS W] o A B & GZe tE
R

1
GZ =(G,M +—-BM -tan’¢)-sin ¢

2

o] 218 Deck’} &9 #7]&= Heel angleZFA Wk AF&S 4= )T},



[7. 5945 4 AF]

<GM ®>
Water ballastE& o4 &%= 45,
COMPARTMENT | TOTAL NO.| V-MOM. VCG FILL RATIO| S.G OR UNIT WEIGHT WEIGHT WEIGHT V-MOM.
NO. 1 84 17,167 14.598 14| 1176
NO. 2 234 46,771 14277 14 3,276
NO. 3 326 57,831 12,671 14| 4,564
NO. 4 344 59,005 12.252 14| 4,816
HOLD NO. 5 344 59,005 12.252 14| 4,816 32508 44127
NO. 6 344 59,005 12.252 14 4,816
NO. 7 342 58,923 12.306 14| 4,788
NO. 8 304 56,419 13.256 14| 4,256
NO. 1 20 7,158 25.565 14| 280
NO. 2 52 18,611 25.565 14| 728
NO. 3 52 18,611 25.565 14 728
NO. 4 52 18,611 25.565 14| 728
DECK NO. 5 52 18,611 25.565 14| 728 6,132 153,907
NO. 6 52 18,611 25.565 14 728
NO. 7 52 18,611 25.565 14| 728
NO. 8 52 18,611 25.565 14| 728
AFT. DECK 54| 16,469 21.785 14| 756
F.P.TK - 0 1.025
NO. 1 W.W.B.TK(P) 0 1.025
NO. 1 W.W.B.TK(S) 0 1.025
NO. 2 D.B.W.B.TK(P) 0 1.025
NO. 2 D.B.W.B.TK(S) 0 1.025
NO. 2 W.W.B.TK(P) 0 1.025
NO. 2 W.W.B.TK(S) 0 1.025
NO. 3 D.B.W.B.TK(P) 0 1.025
NO. 3 D.B.W.B.TK(S) 0 1.025
NO. 4 D.B.W.B.TK(P) 0 1.025
NO. 4 D.B.W.B.TK(S) 0 1.025
NO. 4 W.W.B.TK(P) 0 1.025
NO. 4 W.W.B.TK(S) 0 1.025
BALLAST WATER NO. 5 D.B.W.B.TK(P) 0 1.025 .
NO. 5 D.B.W.B.TK(S) 0 1.025
NO. 5 W.W.B.TK(P) 0 1.025
NO. 5 W.W.B.TK(S) 0 1.025
NO. 6 D.B.W.B.TK(P) 0 1.025
NO. 6 D.B.W.B.TK(S) 0 1.025
NO. 6 W.W.B.TK(P) = 0 1.025
NO. 6 W.W.B.TK(S) = 0 1.025
NO. 7 D.B.W.B.TK(P) - 0 1.025
NO. 7 D.B.W.B.TK(S) - 0 1.025
NO. 8 W.W.B.TK(P) - 0 1.025
NO. 8 W.W.B.TK(S) - 0 1.025
NO. 8 D.B.W.B.TK(P) - 0 1.025
NO. 8 D.B.W.B.TK(S) - 0 1.025
A.P.TK 0 1.025
FRESH WATER 4,438 17.750 1.00 250
FUEL OIL 12,140 4.856 0.98 2,500
DIESEL OIL 3,210 13.988 0.85 230
LUBRICATING OIL 2974 11217 0.9 265
MISCELL 562 4.705 119
STORE & PROVISION 770 17.507 44
DEADWEIGHT CONSTANT 4,335 21.146 205
DEADWEIGHT (DECK) 153,907 25 6,132
DEADWEIGHT (HOLD) 414,127 13 32,508
TOTAL DEADWEIGHT 596,462 14.116 42,253
LIGHTWEIGHT 296,271 14.705 20,148

KG: 14.306m

Total weight: 62,401 ton

Total volume: 62,401/1.025 = 60879.1 m®
A8 BIHS 3to] KB, BMS T3 KB = 5.560m, BM = 9.149mo]|t}.

Draft KB BM Volume mid
10.1 5.496 9.225 60754.6
10.1167 5.560 9.149 60879.1
10.2 5.551 9.16 61499.6

GM = KB + BM - KG = 5.560 + 9.149 — 14.306 = 0.403




Heavy fuel oil tankel]l ¢]&ll Free surface effect”} A&k},

7t 383.8+ 383.8+ 756.9+ 756.9 = 2,281.4

Heavy fuel oil9] ¥ %: 0.98

GGp = 2,281.4/60879.1%0.98/1.025 = 0.04

GoM = 0.403 - 0.04 = 0.363m

GoM = 0.363m < 0.6m °|P %, QXA W=eR] 3t}

webA ballast waterg A oA GoM< 0.6mEt AAKGE 2 sfjoF gk,

o

st 5 o] A A3}HA ballast water® 3L, free surface effect®™ &3}, GoMS 0.6mEt}

o AA HEF T

d)) NO. 4 D.B.W.B.Tk(P&S)¢} NO. 5 D.B.W.B.Tk(P&S)E 100% MRS A%

COMPARTMENT _[TOTAL NO.[ V-MOM. VCG FILL RATIO[ S.G OR UNIT WEIGHT WEIGHT WEIGHT | V-MOM.
NO. 1 84, 17,167 14.598 14, 1176
NO. 2 234 46,771 14.277 14 3276
NO. 3 326 57,831 12671 14] 4,564
NO. 4 344 59,005 12252 14, 4,816
HOLD NO. 5 344 59,005 12252 14] 4,816 32,508 AauLz
NO. 6 344 59,005 12252 14 4,816
NO. 7 342 58,923 12306 14] 4,788
NO. 8 304 56,419 13.256 14 4,256
NO. 1 20 7,158 25.565 14 280
NO. 2 52 18,611 25.565 14] 728
NO. 3 52 18,611 25.565 14 728
NO. 4 52 18,611 25.565 14 728
DECK NO. 5 52 18,611 25.565 14| 728 6,132 153,907
NO. 6 52 18,611 25.565 14 728
NO. 7 52 18,611 25.565 14 728
NO. 8 52 18,611 25.565 14 728
AFT. DECK 54, 16,469 21.785 14, 756
F.PTK - 0 1.025
NO. 1 W.W.B.TK(P) - 0 1.025
NO. 1 WW.B.TK(S) - 0 1.025
NO. 2 D.B.W.B.TK(P) 0 1.025
NO. 2 D.BW.B.TK(S) - 0 1.025
NO. 2 W.W.B.TK(P) - 0 1.025
NO. 2 W.W.B.TK(S) 0 1.025
NO. 3 D.B.W.B.TK(P) 0 1.025
NO. 3 D.BW.B.TK(S) 0 1.025
NO. 4 D.BW.B.TK(P) 297 0.850 100 1.025 349.3
NO. 4 D.BW.B.TK(S) 297 0.850 100) 1.025 349.3
NO. 4 WW.B.TK(P) 0| 1.025
NO. 4 WW.B.TK(S) 0 1.025
NO. 5 D.BW.B.TK(P) 297 0.850 100) 1025 349.3
BALLAST WATER NO. 5 D.B.W.B.TK(S) 297 0.850 100 1.025 349.3 1397 1188
NO. 5 W.W.B.TK(P) 0 1.025
NO. 5 WW.B.TK(S) 0 1.025
NO. 6 D.B.W.B.TK(P) 0 1.025
NO. 6 D.B.W.B.TK(S) 0 1.025
NO. 6 W.W.B.TK(P) - 0 1.025
NO. 6 W.W.B.TK(S) - 0 1.025
NO. 7 D.BW.B.TK(P) - 0 1.025
NO. 7 D.BW.B.TK(S) - 0) 1.025
NO. 8 W.W.B.TK(P) - 0 1.025
NO. 8 W.W.B.TK(S) - 0) 1.025
NO. 8 D.BW.B.TK(P) - 0| 1.025
NO. 8 D.BW.B.TK(S) - 0 1025
AP.TK 0 1.025
FRESH WATER 4,438 17.750 1.00 250
FUEL OIL 12,140 4.856 0.98 2,500
DIESEL OIL 3,210 13.988 0.85 230
LUBRICATING OIL 2,974 11217 0.9 265
MISCELL 562 4,705 119
STORE & PROVISION 770 17.507 44
DEADWEIGHT CONSTANT 4,335 21.146 205
DEADWEIGHT (DECK) 153,907 25 6,132
DEADWEIGHT (HOLD) 414,127 13 32,508
TOTAL DEADWEIGHT 597,650 13.692 43,650
LIGHTWEIGHT 296,271 14.705 20,148
KG: 14.012m

Total weight: 63,798 ton




Total volume: 63,798/1.025 62,242.2 m®
A& WIS 3l KB, BMS T8 KB = 5.607m, BM = 9.096mo] t}.

Draft KB BM Volume mid
10.2 5.551 9.16 61499.6
10.300 5.607 9.096 622422
10.3 5.607 9.096 62244.6

GM = KB + BM - KG = 5.607 + 9.096 - 14.012 = 0.6914

Heavy fuel oil tankell &A%+ Free surface effect’} A2 E, GGy = 0.04mo]t}. (Fek
water ballast tankE 100% | 9-#] LA}, o] 2 <15l free surface effect”} ¥HAY3I =
=2, ballast waterel] 2|3+ free surface effect®™= a8 3fjoF 3tt}.)

GoM = 0.6914 - 0.04 = 0.6563m

GoM = 0.6563m > 0.6m ©| B2, & TF2AS wEg)

<GZ >

9 F24S o]&3]A heel angleo] W& GZE 34 3 @},
) 0 10 20 30

GZ 0 0.1446071 0.4425262 1.1036936

Q271 F317] (C=0.08597% FolA)
0%~ 30% Alole] GZ curved ®ZA o] 0.009/C = 0.009 / 0.08597 = 0.1047 [rad - m]¥.t}h
#of g}

(m) GZ [m] (m) GZ curve
12 1.2
1 1
(18] o8
06 06
04 —4—GZ [m] 04 —4—GZ [m)
02 02
0 0
0 10 20 30 40 (Degree) 0 01 02 0.3 04 05 06 (Radian)
91 23 F #5 192 heel angleo] 0%olA 30=7kA19] GZ curveolil & % 19

o)
1o
)
2
tlo
—

o)

T

heel angle radian &9 & vl A thA] 28 Aot} (o]= GZ curve ©}
m=z J-aljof 7] wjiEolt}.)
GZ curve o}dfe WAL 39 0.1869 [rad—-m]olth 0.1869 > 0.10470|2E Q3 %XAL

s



8. AFAA

3700TEU Containerx ¢ CP-curves ta-3 #Zrt}

1.0 . g *
0.8
06
04
0.2
—4—7|&M(Cb 0.6241) at
Td=101

00 - T T T T T T T T T T T T T T T 1

1.0 08 0.6 04 0.2 0.0 0.2 0.4 0.6 0.8 1.0

7149 Cp-curveZ4-E -3+ parameters

Cp 0.63
Cp.f 0.59
Cp.a 0.68
LCB (¢ L/27 o] Scaling ¥+ -0.039
x, 1 7l¥e] Midshipo 2HE AnHel | 34

w47 o] A

x, © 7149 Midshipo 258 M4 = | 037

A9 Az

9 zkS vlE e 2 Lackenbyd A& variation Wl we} AAHAY Cp curveE: #+
AN . (F, AAAS LCBE 7&=41 S dstttar 714 S}al, parallel middle:® §le Ao
2 3k}



1) Midship© 255 §Cpsl F47A¢] A2, h, & FahAlL,

o Ce 025

f,a

1-C,.

2) A¥E Cp M3k, 6Cp I FuHE Cp WSHF oCp, & TIHAIL.

2[6C,(h, + LCB )+ 6LCB (C, + 5C, )]
h, +h,

Pf

2[sc, (h, - LCB )-oLCB (C, +oC, )
h, +h,

oC, =

Pa

3) Lackenby A% variation 2}ell @2} o6x, , & T3HA Q.

oL, Xi,-L, (1-C; )
X =(1=-x,) — + —[C,, '

—oL, ———
-1, A ' t-L, )

(A=C, (1-2%X,,)-L, (1-C, )

4) o|25-E AAXY Cp-CurveE NFH o2 FAAFA L.
[8. A4 A dHF]

1

Cp (1-2X¢)  0.59(1-2-0.34)
hy = = =0.46
1-c, 1-0.59

Cp (1-2X,) 0.68(1-2-0.37)
- = =0.55
1-C, 1-0.68

a

a



2)
2[sC,(h, + LCB )+ 6LCB (C, +5C,. )]  2[0.0544 (0.55 — 0.039)]

5C, = = 0.055
h, +h, 0.46 + 0.55
2[sc,(h, ~LCB )~ 8LCB (C, +5C,)]  2[0.0544 (0.46 — 0.039)]
5C,, = - = 0.053
h, +h, 0.46 + 0.55
3)
L, =6L, =0 o] g Lackenby A3 variation 212 t}23 o] 7heks] AHe T},

X

X X
o, =(1-x,){————6C, t=(1-x,) ! 0.055
c, (1-2x,) " 0.59(1-2-0.34)

=-0.2913 x> + 0.2913 x

X X
X, = (1= %) ————-0C, r=(1-x,) ; 0.053
c, (1-2x,) : 0.68(1-2-0.37)

=-0.2998 x> + 0.2998 X

4)

1.0

0.8

Oﬁ / \\\\\
0.4

// —o— 7| EHM(Cb 0.6241) at Td=10.1
0.2

—8— M7 M(Cb 0.6772 at Td=10.78)

0.0

-10 -09 -08 -07 -06 -05 -04 -03 -02 -01 00 01 02 03 04 05 06 07 08 09 10




9. Hydrodynamics

Direct Calculations =3} vertical acceleration @ VWBME th29 #A4& &3] e 2
=

<A AR

a) Aute] WA Fol

412 A4(Added mass, Damping coefficient), Wave Exciting force, Wave amplitude,
Ayp(FAAT A o] Foj A, Mdute] el A AE A5k, o] 2HYH 5 We], £k TtE
=5 g 4

d)) heave motion®] WA 2]

(m+ A, (@) 4‘3 + B, (a))§3 +C,, &, = F3(w).eim

) A8re] RAO (Response Amplitude Operator) 243

o] 79 wave frequency®] ™3] Added mass, Damping coefficientE 3}il, Wave

amplitudeE 12 7}1A3%9S W9 Wave Exciting forceE 3t} t}e QoA FA3 A

Hho] A A © 2 XE] wave frequency H % WY, £& /IEEE 7 5 ) 9
=

2 AMuvte] RAO (Response Amplitude Operator)g} 3tc}. (gh, ZF =

sh
c) Aulo] 2-33lE= oA 2] Wave Spectrum A
Aulo] &3lat= oA Irregular Waves #=3}o], o] 2 Fourier Series® 285t

wave frequency®l] W&l A2 & AmplitudeE ZrE= sine, cosineFAE9 o= yehd
+ 9t}h o] u, wave frequency® Energy density(Amplitude® AlFol vla)zksS FTA 8
AE Wave Spectrumo]dt 3th. Wave Spectrum® ZE ISSC(nternational Ship and
Offshore Structure Congress)olA A|<tgt H&EF Pierson Moskowitz ZFEZH o[ L}
ITTC(International Towing Tank Conference)olA FH 3 JONSWAPJoint North Sea

Wace Project) &~ E &> 0] ALS-FH T}

o

) A¥ke] Motion Spectrum 2H4d

AMuto] &38lsl= a9 wave spectrum®F-E] frequency ¥ wave amplitude =4 (wave
amplitude : 77, =2,/S(w)-Aw )= T35t °]& Aue RAO® ¥stH, w3daide

frequency ¥ wave amplitudeE 2zii= wave exciting forceo| tjgh Xule] SFHAE

3t 4= glt}. o] Motion Spectrume] 2} 3o},



e) Aute] Acceleration Spectrum 24

Aube] &% W7 A Y wl, JtEEE WHYE A zte]| s T oA w|E3ste] it}
= 2% WMo amplitude, A°l — w’> S F3F9] Acceleration spectrume 3 4 9t}

) A8k Acceleration®l g Rayleigh Distribution 73}7]

Acceleration Spectrum< A E3le] WA my & F3taL o]2HE EAS 319 Rayleigh
Distribution® ¥ +=t}. Rayleigh Distributione &3 FH(FEE, xF)o e 1 7f&EE7F &
A FE(yH)S UERIHL

g) Rayleigh Distribution®. 258 %3}38& (Probability of Exceedence)®¥ 3}7]

Rayleigh DistributionelA] o= 7}&= ojio] H FES yed AL Z343E

(Probability of Exceedence)@til 3tt}. =, Rayleigh Distributionol] Al €19]9] xol thal] x
Ho & 999 WHE gudtt 293E F¥XAE EFUIEE, xFH)d Ug o1 7k

L o]4e] HAE SE(yFH)e HERATH

h) DNV Ruleo] @&}, 23 &go] 10°YU w9 71&4=E T2 BAo| &3l Vertical W
o) NEE AR, a2 53 (Pr.3 Ch.l Sec.d A

<EAD>
1) Rule Scantling?] AH&3}= accelerationgt2 AAZE 919 FA( a)~h) )& 3 F3A
U, B EACAE A9 #AAL T3 7317 accelerationto] o2l wave frequency©l A<
added mass, damping coefficient, wave exciting force®l €3+ accelerationgt® &t 7}
8t
wave frequency: o = 1.00 [rad/s]
Fy = 1.06%10° + 1.97+10% [kN]

= 1.05%10” -4.92#10% [kN-m]

=(0.25-L) - p-V (42



oluf, Z} T gt added mass®

damping coefficient¥¥7} o3} 2t}

Station No. b, [m] T, [m] asz [Mg/m] bss [Mg/s'm]
AT THAE EF station®] station?]
added mass damping coeff.
0 0 10.78 0 0
5 32.26 10.78 289 135
10 32.26 10.78 289 135
15 30.37 10.78 223 109
20 0 10.78 0 0

9 e dolwgoz ool o] AHEshH HA Aure] tdk Added mass, Damping

Ay, = a,dx=6.1x10"
L
5
A =—joa33dx=4.4x10
A = xa,dc=24x10"
L
By, = [ bydx=2.9x10"
L
5
B, =—job33dx=1.7x10
By = [ x’bydx =1.1x10°
L XD,
C,=pg[b,dx=74x10"
L
Cyy=-pg[ xb,dx=1.3x10
L
Cy = pg[ xb,dx =2.9x10"
L

9 AFEERY AYAA 55 AHute] Heave-pitch 94 +THARF2E F=3l,

Heave & Pitchol]l 2]3} vertical accelerationS T3} L.

2) 1olA 3 vertical acceleration® 2 Xulo] 5& o, Myl 2H83l+= added mass
o] 2|3 Radiation Force®2¥E T8}, o] 24 Radiation Forceoll 2|3 VWBMS T3}A]

[e)

.



[9. Hydrodynamics 3 g ]

1)

Heave-Pitch &%%4 2]

rlo

ges 2.

m+A, A, TE] B, BLTED T
| | ~-|+L JI-IT
| As; Ass + Iny|_§5J By B |_§5J Cs

E M) =&l &)= ¢&le' = 7} (Harmonic motion)
5’3 (t) — |CU§ 3Aei(ut ,55 (t) — |CO§ 5Aeiwt

5"3 (t) _ _a)2§3Aei(ul ,5'5 (t) _ _wzgsAeiwt
o]Z Heave- Pitch &5%A Ao tigstd th&x 2o

|—m + A33 A35 —||—_ a)2§3Aeiwt—| |'B33 B35—||—ia)§3Aeiwt—| |—C33 C35‘||—§3Aeiwt—| |—F3eiwt—|
) + ) + ) = )
I_ A53 A55 + InyL_ w2§5Aelth| {Bsz B55 |Lia)§5Aelm_]| LC53 C55 I—gsAela)tJ| LFselth

Fue ¢z pra, gelstd gt 2k

) 2|rm+A33 Ay TTer] [B, B351F§;‘T+rc33 C,lel TR

L As; Ass + InyI_ngJ : iwLBsz Bsle_gsAJ {C53 C55J|_§5A_] ) LFSJ

[—w*(m+ A,) ~o’A,  [eM] TieB, ieB el [Cy C el TR
o : eo) lios, iom Jer] "] Nezf7Lr]
- @ A53 - o (Ass + Iyy) L‘fs J 'a)Bss 'a)Bss |_§5 J Css Css L‘:Es J Fs
[—w*(m+ A,)+iwB, +C, o A +ioB +C, el TR
~o’A, +ioB, +C, —w (A +1,)+i0B +C, |L55AJ| - LFSJ

[P QWF?LFFJ
R os]er)7[R]

P=-0’(m+A,)+ioB, +C,
2 .

Q=-0 A, +iwB, +C,

R=-0’A, +ioB, +C,

S=-w’(A, + l,)+ioBy +Cg



» FQ-FS

g =

' QR-PS

sr_ BR-FP

° QR -PS

*’fA:ia)—FSQ_ES

’ QR - PS

ir iy PREFP

’ QR - PS

; F,.Q-F,S

EM= -0’ FO-FS 5 gor1 —0.9285 i
QR - PS

, F,R-F,P

El =0’ 2———=-8.0669 + 633 .12i
QR - PS

EM=4 mi/s?

ElM=633 m’/s’




10. Rule Scantling

1) T4 283l Total Bending MomentE T3}A] Q..

Total Bending Moment = SWBM + VWBM

o, SWBM: Specification’d2?] A A9l SWBM & Rule®] Minimum SWBM#t 3L
VWBM: Rule®] F424 o & +-3 VWBM

2) Local Scantling
Bottom, Side, Deckell W3l 22 3k 719 Plate®} Longitudinal Stiffenere] th3}ed Local

ScantlingS 3§31 2.

L2 [T
1]
g e P11 I
[ ‘*1: '_ i ] i
T M :
o orer B x I
N e e ;
M L
S EENE |
' o L, - I
sl ) : Plate |
™ Ly . .
I O N > : Longi.
LWL L E 1 ¥ L l
(ANTE) ATE . !
e sP2 ol 1 |
wlE AE) K_—“ !
fHOL27 +
i o !
1] - l
xh .
5] I
STH DECE .
(308 AJE) i ™TT I
F -
0 Ly !
19 v
o LI [ T T : T T : T L1 '_1] ™
17 LI &Q’
R T w1 our o l1-|J "9 3 ; ':- 5 : :- — :' Keel plate
| r—
841 x12 T41x2

3) 6..< 0 (o) :allowable stress)& ¥F =F F-A 9 A& A A L.
2 EA A F BAE F71ste], AA Midship Sectiono] gk W3, 12 EHE,
Neutral Axis, 22} EHEES Aibstar, BE FAo st < 6 5 WHHeES F-2) 9

AFE AAsA L.

HA (cm?) 1 XtMoment[cm?] 2XF Moment[cm?]

Total (&, 2@ A9 FAEL2 A< 19,331 18,976,694 32,534,474,040




[10. Rule Scantling 3 %&1]
1)
7h SWBM: Specification2] A2l SWBM & Rule®] Minimum SWBM#t &
Specification’s Allowable SWBM : Hogging + 310,000 T-M = 3,041,100 kNm
Sagging -25,000 T-M = -245,250 kNm
Rule’s Minimum SWBM:
M =C,, L°B(0.1225 —0.015C,) kNm in Hogging

=-0.065C,,, L’B(C, +0.7) kNm in Sagging

(Cy, = C,, for unrestrict ed service )

L C

w

L <100 0.0792 -L
100 < L <300 | 10.75 =[(300 —L)/100 ['"?
300

IN

L <35 | 10.75
L>350 | 10.75 —[(L-350)/150 J'"*

o] 714 Wave Coefficient,c,, & ¥ Aolo] me} F3j A= parametero] .

Tz AA A, ddre] Aol L Rule Length24, 0.97«LWLolty. dAHAS A5,
L=272.57 m o|t}.

u2bA, Wave Coefficient,C,, © 100 <L <300 ] ®o]H],

C, =10.75 —[(300 — L)/100]*"

=10.75 —[(300 —272.57)/100 ]
=10.61

3/2

Mg =C,, L’B(0.1225 - 0.015C,)
=10.61-272.57%-32.26 - (0.1225 —0.015 - 0.6772 )
= 2,846,822 kN -m in Hogging

M =-0.065C,, L°B(C, +0.7)
= —0.065 -10.61 -272 .57 -32.26 - (0.6772 + 0.7)
=-2,286,799 KkNm in Sagging

web A, 72 AA A, Design SWBM: Hogging 3,041,100 kN-m
Sagging —2,286,799 KN'm



1} VWBM
M,, =0.19aC,L’BC, kN -m in Hogging

=-0.11aC, L’B(C, +0.7) kN -m in Sagging

M, =0.19aC,L’BC,
=0.19-1.0-10.61 -272 .57 -32.26 - 0.6772
=3,309,946 kN -m in Hogging

M, = -0.11aC,L’B(C, +0.7)

=-0.11-1.0-10.61 -272 .57> -32.26 - (0.6772 +0.7)
=-3,809,969 kN -m in Sagging

wb, 2 A Al Design VWBM: Hogging 3,309,946 kNm
Sagging -3,869,969 kNm
}) Total Moment

Total Moment = SWBM + VWBM = 3,041,100+ 3,309,946 = 6,351,046 kNm in Hogging
=-2,286,799+ -3,869,969 = 6,156,768 kNm in Sagging

w&}A | Design Total moment = 6,351,046 kN m ©|t}.



2)
7B Keel Plate (KP)

v' Design Load

14 AH a] J [ = DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.6 Table B1
3 AS 7 Structure Load Type p (KN /m?)
a5 -4—75 b?yltlttc?r:’w Sea pressure p, =10T + p,,
I : Keel plate®] B Sea pressureH0| Design LoadE Xt28t

®
@ :Load point N

Keel Plate®] Unit strip 10ll LH®} Design Load, P

v Keel plate= 3JH9] Unit strip2 &
-4

v’ Unit strip@] Load point: pdp

1,2, : Midpoint pl
3: MidpointQ} J1& JPII2 XI™

v 3J19] Unit stripOfl CHOH 2+t Plate

ks 2 | 0.2L~0.7L form A.P. ks=2
Cw | 10.606 | 100 <L <300, 10.75 - [(300-L)/1001"(3/2)
P L ST | t=waterlineoi i eist =t arcrol 5012
6.7 | (Z0H0.8+Cw) .

28.163 = (K, Cy +Kk;)(0.8+0.15V /Y1)
y 8.05 | BMHOZSE SEXNFMAIC £BHel, 24 B/4(m)=8.05
z 0 | @xi(Baseline)22 & SHEXFMAIL +2Hel, 2h T(m)
23.355 -1.2(T -2z) (kN /m?)

Py = P, +135 5175

SHE A, JHR 2 A Keel

133.165 | P.=10T + p,

plate o] FHIEZ AI28tLL.

v KPO] Material2 J|EMil} S st
NV-328 AI28HLL. (f,=1.28)

Unit strip2, Unit strip3 &

Unit strip2 : p1 = 133.165(kN/m?
Unit strip3 : p1 = 133.165(kN/m2

@

v Required Thickness v Allowable stress

SUBtFlow=E 28

Unit strip2, Unit strip3 & S 28! FlowE 28
Unit strip2 : t, = 11.9 (mm)
Unit strip3 : t, = 13.9(mm)

15 .8k, 5/p . for Bottom Plate ||[®
b=t (mm) o =120 f v/ Minimum Thickness
1 B 1 0.05L
: t,=7.0+ \/?'+tk (mm)
Keel Plate®] Unit strip 10§l L§®} Required Thickness !
p 133.165 | Maximum Design Load L1 272.57 | Min (L, 300) (m)
Ka 1.0 K, = (1.1-0.255/1)*8/I= 0.4 Ol ka= = 0§ 1.0 ; f1 1.28 | Material factor = 1.28 for NV-32
s 0.741 | stiffener spacing in m 2 tk 1 | Corrosion addition
t f1 1.28 | Material factor = 1.28 for NV-32 20.55 [t=70+ UJU%‘ +t (mm)
o 158.6 | o =120 1, o c oo
tk 1 | Corrosion addition Unit strip 1 ’2’30" 2% X8&
15 Bk.s( 777777777177: 7777777777777777777777777777777777777777777777777777
1.9 [v-—F e om cf) Minimum Breadth

b =800 + 5L(mm)

Rule 2162

Arr. 3154 i x| kel Keel plate & - Rule2 DHESH

® unit strip®l SH = J1& 2 2 Keel plate?] SHE 3t

t =20.55 ~20.5 [mm]

@ t=max(t,t,) [mm]
Unit strip 1 20.55
Unit strip 2 20.55
Unit Strip 3 20.55




}) Longitudinals at Keel plate

v' Design Load
14 AH H J‘

DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.6 Table B1

._F., — Structure Load Type p (kN /m?)
i)

-4 Outer
L1 IJP bottom Sea pressure b, =107 + p,,
H i, 3114 X 22 AH ] : Keel plate®] Z Sea pressure3t0] Design LoadZ X8t

[ ® :Load point

L1 Ofl LH®t Design Load P
v'Load point: Midpoint

ks 2 | 0.2L~0.7L form A.P. ks=2
1 JI=  [(300- N
‘/|_19| Material2 )|_l,__ﬂﬂ|- %%g cw | 10.606 | 100 <L <300, 10.75 - [(300-L)/100]"(3/2)
= I il 67| = N
NV-325 *'-gﬁl_ll:l-'(f1=1 .28) o fewsterinell A 454 801 ) 4212
6.7 | (FIHO.

pdp 28.163 P, = (K, Cy +k,)(0.8+0.15V /Y1)
P y 8.05 | ZMHOR2E SHEXENAIC £BH2l, 24 B/4(m)=8.05
2 0 | &X(Baseline)22 SE SHEXE MK X iel, 2 T(m)

y
B+75

25.365 Py = P, +135 ~1.2(T —z) (kN /m?)

133.164 | P.=10T + p,

v Required Section Modulus | v Allowable stress
2 '
831 spw ‘
Kk 3 ‘= _ _ .. .
Z=——"(cm”) 10=251-1301, -0.704 |/ Minimum Thickness of Web and Flange
o ' k h
L t=5.0+——=+t (mm), t,=—+t, (mm)

le 2.96 | Web frame 2+24(3.16m) - 0.2 m(braket) \ fi g
s 0.741 | stiffener spacing in m k 5.45 | 0.02 L4
s} 133.164 Maximum Design Load 1 1.28 Material factor = 1.28 for NV-32

thw 1.0 [ Corrosion addition f tk 1.0 | Corrosion addition
wk tkf 1.0 [ Corrosion addition 11.32 1‘:5.0+L+1k (mm )

7z 1.15 [1+0.05(t,, +t,)for flanged section . i
H 300 | Profile heightin m
fl 1.28 | Material factor = 1.28 for NV-32
G 70 70 for flanged profile webs

f2b 1.13 t2 N -
o Tk 1.0 | Corrosion addition

odb 25.6 | 20f; in general )

141.1 |o =225 ,-130 f,, —0.70, 5.79 Dop bl
831%spw , 5
584.84 |z - = ey t=max(t,t,) =t

@ Required section modulusS UHE0}= Longi.E Table MIAl 0} Longi.O| XI5 MX
CEMMHTY”, Hl 4B (Q20)), ARHNENBT], 199
017e, “HOIx MutA ", M| 2EMH, p22-25

a | o | v | v [ v | w A ! z
mm cm? cm?* cm?
300 | 90 | 13 | 17 | 19 | 9.5 52.67 17,600 743




}) Deck plate

@

¥ Required Thickness | v Allowable stress
15.8K,5+/p i for Deck Plate

f =2V E :

Jo ‘

+t, (mm)
1o =120 f, atNA

1o shall be reduced linearly.

DP19] Unit strip 30fl LB} Required Thickness

p 0.739 | Maximum Design Load
ka 1.0 |k, = (1.1-0.25s/1)%,8/I= 0.4 0I5} kaE= 2/ 1.0
s 0.765 | = (0.69 + 0.84)/2, stiffener spacing in m
ty il 1.28 | Material factor = 1.28 for NV-32
sigma 153.6 | 120f1
tk 1 | Corrosion addition
1,756 | o222 0 om)

Unit strip1, 2= S 23t FlowZ 8
Unit strip1 : t, = 1.174 (mm)
Unit strip2 : t, = - (mm)

@+ Minimum Thickness

kL,
t=t, + ——+t, (mm)
v

to 5.5 | 5.5 for unsheathed weather and cargo deck
k 0.02 | 0.02 in vessels with single continuous deck
L1 272.57 | Min (L, 300) (m)
t f1 1.28 | Material factor = 1.28 for NV-32
tk 1 | Corrosion addition
16.137 l:ln+1k/LT‘+!k ()

Unit strip 1,20l 25 M&

cf) Minimum Breadth
b =800 + 5L(mm)

Rule 2025.566

a
M
o

- RuleZ DH

1

Arr. 3154 B x| 2te| Keel plate &

® Unit strip2] SHl S Ok 2 @& op12 SFHIE e

t, =16.137~16.0

® t, =max(t, ,,t, ,) [mm]
Unit strip 1 16.137
Unit strip 2 16.137
Unit strip 3 16.137

@

v Required Thickness
15.8k,5+/p
o

F

v Allowable stress
for Deck Plate

o =120f atna.

+t, (mm)

0.25 &9 2 ti2d

16 shall be reduced linearly.

DP19] Unit strip 30ll IH3 Required Thickness

[ 0.739 Maximum Design Load
ka 1.0 [k, =(1.1-0.25s/1)*,5/1= 0.4 0I5t ka= Z O 1.0
s 0.765 | = (0.69 + 0.84)/2, stiffener spacing in m
ty 1 1.28 Material factor = 1.28 for NV-32
sigma 153.6 120f1
tk 1 Corrosion addition

1.756 !‘:M;/;‘/Euk (mm)

Unit strip1, 2 S 2%t FlowE 7 &
Unit strip1 : t, = 1.174 (mm)

Unit strip2 : t, = - (mm)

@ L .
Y Minimum Thickness

kL,
t=t, + —+t, (mm)
Jn

10 5.5 | 5.5 for unsheathed weather and cargo deck
k 0.02 | 0.02 in vessels with single continuous deck
L1 272.57 | Min (L, 300) (m)

12 1 1.28 Material factor = 1.28 for NV-32
tk 1 Corrosion addition

16.137 t:to‘*%‘*‘k (mm)

25 58y

Unit strip 1,204

cf) Minimum Breadth
b =800 + 5L(mm)

Rule 2025.566

Arr 3154 ul & 4ol Keel plate % > Ruleg BHEY

® Unit strip?] SHl & Jt8 2 &S 0P12 FHE FS

t, =16.137~16.0

2

@ t, = max(t, ,,t, ,) [mm]
Unit strip 1 16.137
Unit strip 2 16.137
Unit strip 3 16.137

0.25 492 Wsd



#}) Longitudinals at Deck plate

DnV Rules, Jan. 2004,Pt.3 Ch.1 Sec.7 Table B1

Structure Load Type p (KN /m?)
Weather
deck Sea pressure p, = a(pg, —(4+0.2k,)hy)

: Ly, L,O] B2 Sea pressureBt0| Design LoadE =28t

®
DP19| L,0fl LH®t Design Load P

Load point ks 2 | 02t~0.7L form AP ks=2
Ccw 10.343 [ 100 <L <300, 10.75 - [(300-L)/100]"(3/2)
v'Load point: Midpoint P L 87 ]t = waterineoint e st arerel 420121
57 | (E0H0.8+Cw) :
o] ial2 JI=EA pdp
‘/L1, Lz—l Material2 J|EMil} 28.33795639 B, = (K,Cy + K, )(0.8+0.15V//L)
ol = =
% EEI' NV-32§ Mgﬂ[} (f1—1 28) pi y 1555 | ZaMo22H SHEXENMNS 2ZH2|, 24 B/4(m) = 8.05
z 10.78 | &X(Baseline)22 RH SHSXEMKIS +=Hel, 2 T(m)
47.921 Py = P, +135 Y _12(T-2) (kN/m?)
a 0.8 | FP, deckhouse 7rgnt AZOZ 0.15L:1.0, 0 20:0.8
ho 6.7 | Waterline at TOIA decktXI2l =2 Hel
0.462 Py =a(py — (4+0.2k,)h;)

(N
(£) . X !
v’ Required Section Modulus | v Allowable stress
2 :
831 spw ‘ z,-1
3 [P _ Lo " %a
7 =—" Kk (ecm™) Lo 225 f, —-130 f,, .
o ' n o .
: v" Minimum Thickness of Web and Flange
k h
le 2.96 | Web frame 2¢2i(3.16m) - 0.2 m(braket) t=5.0+——+t, (mm), t, =—+t (mm)
s 0.695 [ =(0.550 + 0.840 )/2, stiffener spacing in m Vi 9
p 0.462 Maximum Design Load 3 4.9022 | 0.02 L;
thw 1 Corrosion addition f1 1.28 | Material factor = 1.28 for NV-32
wk |tk 1| Corrosion addition 1 [ 3 | Corosion addition
1.8 k
t,=5.0 + ——-+1, (mm)
Y4 fl 1.28 | Material factor = 1.28 for NV-32 = [
" — h 150 Profile height in m
fod 1.19 | 8700TEUS| section Modulus2 75t gte)
a 20 20 for plat bar profile
o zn 12.472 | =21.5-9.028, neutral axisSEf deckItX2l K2l t2. 2 - —
2a 0 | deck=Ei load point7t KISl Hel * S CO"OS'C’: addition
133.3 10.5 Lmy )
2.27 1+0.05(t,, +t,)for flanged section t= max( t1, tz) _ tl
® Required section modulus& M=0l= Longi.E Table 0IM &0} Longi. O] XI5 MA
TS Y AY BT S+
r_th——?—b d tw 6 9 11 12.7 14
A 9 13.5 16.5 19.1 21
B d 150 Zz 44.7 65.2 78.3 89.1 97.2
| 614 856 1000 1120 1200




3)

HA (cm?)

1 XtMoment[cm?3]

2 X Moment[cm3]

Total (&, 2 EA2] FAELS A9

19,331

18,976,694

32,534,474,040

Localscantling A3} 3+ HA £

A4 13}, 22 RAlEE gy 2

5 ™ A [em? ] zZ ¥ [em] | 12} Moment[cm3] 22} Moment[cm3]
Keel Plate 319.19 0 0 0
Longi. At KP 52.67 0 0 0
Deck Plate 332.8 2,150 715,520 1,538,368,000
Longi. At Deck | 19.19 1,917 518,750 1,076,406,250
Side Plate 634.9 975 620,925 605,587,904
Longi. At SP 864.8 864 37,143 32,121,405
o|ZRH FdTH WA WA, 12 23 EHEE v g

HA (cm?) 1 XtMoment[cm?3] 2 X Moment[cm3]

Total

21,555

20,831,889

35,786,957,599

NA=1x ZHE / HH

= 20,831,889/21,555 = 966.47 (cm?)

o|ZHH F-Aol ZH&35h= actual stressE ToHW tha 3 AUl

A o_actual o_allowable T o H
Keel Plate 237.9 224 X
Longi. At KP 190.7 224 O
Deck Plate 359.6 224 X
Longi. At Deck | 338.8 224 X
Side Plate 33.1 175 O
Longi. At SP 2.4 175 O




Deck ¢} Bottom&] Aol A allowable stressE WEstA] Eslgonz HAo x4=
7} A2,
A FALem] | A [em?] 22 3% [cm] 12} Moment[cm?] 22} Moment[cm?3]
Keel Plate 2.2 342.54 0 0 0
Longi. At KP 52.67 0 0 0
Deck Plate 6.0 1,248 2,150 715,520 1,538,368,000
Longi. At Deck 250 2,075 518,750 1,076,406,250
Side Plate 634.9 975 620,925 605,587,904
Longi. At SP 864.8 864 37,143 32,121,405
o|ZHE FTdTH AAe WA, 14, 23 EWlEE thg¥ g

M (cm?) 1 XtMoment[cm?3] 2 X Moment[cm3]

Total

22,723

22,855,462

40,096,688,349

NA=1x RHE / HH
= 22,855,462/22,723 = 1005.79 (cm?)

O|ZFE HF A Z&3}l= actual stressE T8t o3 7t

52 o_actual o_allowable qh o]
Keel Plate 203.5 224 @)
Longi. At KP 170.1 224 @)
Deck Plate 219.1 224 0)
Longi. At Deck | 219.1 224 O
Side Plate 11.8 175 @)
Longi. At SP 33.6 175 0)




11. Grillage 3|4

D o9& a2¥83 Zo] AF 13 3 24 3 EAEV} 474 FEse 1349 B(beam)7} $
. Ad 27} Fixed End® ZAY WS I¥oz EAS: oW I3 WY

(f. M, 1, M,.5,0)9 BAE fEd2 g0z el e,

(&, 7139 #AF3A= ANED 283 LA AHSsta dAse BHRANES 73e 4
Z} E¢} 12 F7]3HAL.)




2) B4 DA 2H1& TANE 399 A3 @99 BANH, Torsio-H AW B
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Do) 2ot 9] Fo|7 AAYE o]-&3t] T&9| Grillage T-Zl tha 34 T4 <]
WEZH: JHE YA L. ([Grillage Matrix]F-E)

A Mxhexl Mx? ,gﬂ
=20
831' “‘V‘gj ( ) ‘ﬂ}é? !aﬂ
. 1) 2E2
T
};1 ’ 5}'1 fy2,5y2

)

1
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= [Grillage  Matrix ] |
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|

)

22



3) AAAY F¢ @d FxHATE e H $9F T4 (configuration)& 7HTt 7P
), AAXe] F4¢] 3 HoldE Grillage A RdE EF&3luz}l 3t} 3 Holde Zo|wd
% 7ZA+E BulkheadZ 3la 1 Alo]ol= Web Frame©] 3y E&Aj3tta 714 o, Foi3
T9L 239 GrillageZ 223 3AL. (GHZ HEE %783 Grillage B W59}
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[11. Grillage 314 ©<t]
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slnt RHE EHHA
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3) AAAY Fob @i FERufR7F 71X L3 S A (configuration)S 7HA T 71 g
u], A Fote] 3 HoldE Grillage A#F 29z ¥astuzl st} 3k Holde] Zolqf
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(1) Side Shell

(2) Side Logitudinal Bulkhead
(3) (11575 Off C.L.) Girder
(4) (9051 Off C.L) Girder
(5) (4005 Off C.L) Girder
(6) (1482 Off C.L) Girder
(7) Transverse Bulkhead

Web Frame
@ Transverse Bulkhead

A5, 5 dd2 2 Noded 7|Eo= Wge] o] tqi7ts Tahe= A,

Remark 0, |0,|s,

® T.BHD2} Side Shello| —1—lo
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