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Comparison Analysis on Requirements of Structural Members

by Application of the Harmonized Common Structural Rules
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Department of Naval Architecture and Ocean Engineering Pusan National University1
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This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License(http://creativecommons,org/licenses/by—nc/3,0)
which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

International organizations and classification societies established rules and regulations to which shipbuilders and ship operators should
comply during design, construction, even operation keeping from hazard to life of crews and ocean environment, Hence, rules and
regulations could be guidelines for design and construction of ship sometimes, In practical wise, ship structure designers be
predisposed to design lightest and easy—to—product structures which satisty rules and regulations, Therefore, changes of rules and
regulations are remarkably important issue to related industries, In 2006, IACS established and released Common Structural Rules for
Bulk Carrier and Common Structural Rules for Double Hull Qil Tanker, These CSRs are consolidated and unified rules of class
society’ s rules, But these two rules are different from each other. IACS has plan to release unified rule of two ship type called
Harmonized Common Structural Rule for Bulk Carriers and Qil Tankers, This new rule will be effective from July 2015, Hence, bulk
carrier and double hull oil tanker whose contract date is on and thereafter July 2015 should be complied with CSR—H, Therefore, it is
highly important to be aware of consequences and cause of consequences with respect to CSR—H, The object of this research is to
compare requirements of structure scantling in way of midship area for selected target ship according to CSRs and CSR-H and to
analysis cause of deviation between two rules,

Keywords : Common Structural Rule(CSR, Z2ERXTE), Harmonized Common Structural Rule(CSR—H, S&ZELXTE). Bulk
Carrier(AEEEA). Double Hull Oil Tanker(0 [ESMAIS.ZA)
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Table 1 Design parameters of bulk carrier

Y. ™

I I
BTME BTMS BTM4 BTM3 BTM2 BTM1 ¢

Fig. 1 Midship section of target bulk carrier

ltem Value 2 AT EME o|IZMAHREMR 6 4ol FEYIE Tt
LBP(Length between perpendiculars) 293.00 m A 241, FL dAelIXet YT =8l 2UES Table 32+ 4
LWL(Length on §ummer load water 298.30 m et 2t

line)

Ls(Rule length) 28935 m Table 3 Design parameters of double hull oil tanker
B(Moulded Breadth) 50.00 m ltem Value
D(Moulded Depth) 24.85 m LBP(Length between perpendiculars) 219.00 m

Ts(Scantling Draught) 18.37 m
Toal(Normal Ballast Draught) 813 m LWL(Length on summer load water line) 223.14 m
Thbal(Heavy Ballast Draught) 9.10 m Ls(Rule length) 216.45 m
DWT(Dead Weight) 205,000 tonnes B(Moulded Breadth) 32.20 m
Cb(Block Coefficient) 0.849 D(Moulded Depth) 20.90 m
V(Maximum ahead speed) 15.8 knots Ts(Scantling Draught) 14.50 m
Ballast exchange method Sequential Tbal(Normal Ballast Draught) 670 m
DWT(Dead Weight) 74,000 tonnes
Table 2 Permissible bending moment of bulk Cb(Block Coefficient) 0.862
carrier(kNm) V(Maximum ahead speed) 16.0 knots
Fr. [Seagoing/Seagoing| Harbour |Harbour| Flooded | Flooded Ballast exchange method Sequential
No. + - + - + -

14516205800(3002800(6202560 0
173]6205800{3002800(6460919| 0
201|6205800/3002800(5678315| 0

7357500| 7357500
7357500| 7357500
7357500(7357500

Table 4 Permissible bending moment of double hull
oil tanker(kNm)

Fr No. Seagfing Seag_oing Haer:r)our HarE)our
Chat AEfslR Mol YR STl Fig. 12 2ot UBisel
MESE M 20| Tkl BHRAl0| 9T MRSl EAW|0] 63.5 | 2158200 | 1226250 | 2854710 | 1530360
o Y30} vix|=lo] AR, MAFe| FYe| 722 HEZ
olct Chat olZMM REMS| SUYF FCHH2 ol IE=t Zot
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. 11 CSR-BC2t CSR-Holl /3 A1E{sk2 Mol AR 7K EiEtls
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| ok IRPZ LTAE BT BAICH
o o i (1) MAHH chEA S
H = K AEEE MO Mﬂl HH  chHA o EHEF QIR xfol=
] Table 501 HE[sl¥L, MollM B of AZEBS TESINCH
® ghh(harbour) Z=Z10llA CSR-He| A<= mi2 Z8l2HE
o b T T Lo
/ £ 02 51, tiAl 22 518388 KHE"‘*SE*H CHAAI 2
= T ) T = T Z T = T = 7_‘|Oﬂ 7_(|'O|7|' t'el'Acﬂo._l'q I ( ) }( )t 7—||'7—||' CSR—BCQI' CSR—H
Fig. 2 Midship section of target double hull oil tanker of M| HH cHHEAR 27H%0|ck
Table 5 Hull girder section modulus of bulk carrier
Loaded CSR-BC CSR-H
oade , ,
hold Msw My RSeeqcli::)end Msw My RSeech:::)end Deviation
Fr.173
(Fr.173) (kNm) (kNm) Modulus(m?®) (kNm) (kNm) Modulus(m?®)
Sedoin Hogging | 6205800 | 7235697 48.11 6205800 | 7235697 48.11 0%
gong Sagging 3002800 | 7656884 38.15 3590815 | 7656884 40.25 6%
Harbour Hogging | 6460919 | 2894279 33.48 6460919 0 30.72 -8%
Sagging 0 3062754 10.96 4488518 0 21.34 95%
Flooded Hogging | 7357500 | 5788558 47.05 7357500 | 5788558 47.05 0%
Sagging 7357500 | 6125507 48.25 7357500 | 6125507 48.25 0%
Empt CSR-BC CSR-H
mpty . ;
hold Msw My RSeechi:[)end Msw M RSeeqcl:::)end Deviation
Fr.2
(Fr.201) (kNm) (KNm) Modulus(m3) (KNm) (KNm) Modulus(m?)
Sedoin Hogging | 6205800 | 7235697 48.11 6205800 | 7235697 48.11 0%
gong Sagging 3002800 | 7656884 38.15 3590815 | 7656884 40.25 6%
Harbour Hogging | 5678315 | 2894279 30.68 5678315 0 27.00 -12%
Sagging 0 3062754 10.96 4488518 0 21.34 95%
Flooded Hogging | 7357500 | 5788558 47.05 7357500 | 5788558 47.05 0%
Sagging 7357500 | 6125507 48.25 7357500 | 6125507 48.25 0%
Ballast CSR-BC CSR-H
allas , ,
hold Msw My RSeechi:[)end Msw My RSeeqcl:::)end Deviation
Fr.145
(Fr.145) (kNm) (KNm) Modulus(m?) (KNm) (KNm) Modulus(m?)
Sedoin Hogging | 6205800 | 7235697 48.11 6205800 | 7235697 48.11 0%
gong Sagging 3002800 | 7656884 38.15 3590815 | 7656884 40.25 6%
Harbour Hogging | 6202560 | 2894279 32.56 6202560 0 29.49 -9%
Sagging 0 3062754 10.96 4488518 0 21.34 95%
Flooded Hogging | 7357500 | 5788558 47.05 7357500 | 5788558 47.05 0%
Sagging 7357500 | 6125507 48.25 7357500 | 6125507 48.25 0%
JSNAK, Vol. 52, No. 3, June 2015 267
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M, +0.4M,
3\ _ sw—nh wv 3
Z(m?) = 190/% (1)
M.
3\ sw—h -3
Z(m )_7143/k 10 (2)
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Eof zkst Aok,

For hogging case:
fow(171C,L*B(Cy+0.7)10 > = M, _,) (3)

w

For sagging case:
0.85f,,(171C, L*B(Cy+0.7)10" > — M, _,)
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Table 60l LHE{skEMO| MHAN ZELE TRIE =45
At CSR-HollAM M2 =2lE vDB 2h= MER KAl 2|
ol /MY oiF, =gl R0l wet ofE Xo|E 2olck

For hogging case:
vpp = 1.25 for empty holds of BC-A bulk carrier (4)

vpp = 1.10 for other cases (5)

For sagging case:
Yo =10 (6)

Table 6 Required ultimate bending capacity of bulk

LESh 98 A|(3)0ilAf ofo| LEKH Hiot Z0] CSR-HO| Z=2lgt
A2 Fa WA AN Z ZHE| ofsf A Z=ze| MA AN
=

o ME mz 3Ich

Table 7 Plate requirements for bulk carrier[ CSR-BC]

carrier
Required ultimate bending
Considered case capacity(kNm)
CSR-BC CSR-H
Hogaing case of | sas601 | 20471877 (+25%)
Empty hold
Hogging case of .
other holds 16377501 18015251 (+10%)
Sagging case -13391935 -14038642(+5%)

CSR-BC
[tem T_other Hull girder Pressure T_press
[mm] SUESS 1 nimel | [mml
[N/mmz]
Keel | 16.0[Min] 202 225 13.0
Bottom | 14.0[Min] 202 | 230~253 | 13.0
Bilge | 14.5[Min] - 278 95
Side | 14.5[Min] | 88~-79 | 143~272 | 12.56~14 5
Shear | 16.0[Min] | -110 143 105
Deck | 10.5[Min] | 267~280 | 69~92 | 8.5~9.5
Inner
bottom 16['Gora1b6]'5 118 | 507~531 18.0
(Loaded)
Inner
bottom 1?gra1b6].5 121 | 269~321 14.0
(Empty)
Inner
bottom 1?8;)6]'5 -89~121 | 321~377 | 14.0~14.5
(Ballast)
Hopper _ B _
(Lomimy) | 14:5[Grab] | 65~84 | 289~350 | 13.5~15.0
Hopper | 4 4 siarab] | 34~121 | 185~202 | 11.0~12.0
(Empty)
Hopper | 4 4 siGrab] | ~90~-76 | 367~380 | 15.5~16.0
(Ballast)
Topside |15 o1yin] | —166~258| 67~151 | 7.5~11.5
(Loaded) ' ' '
Topside |15 oryin] | -166~258| 67~155 | 7.5~11.5
(Empty)
Topside ) A _ _
Balasy) | 12:0Min] | -54~258 | 66~222 | 9.5~12.0
Center . . )
girder 10.0[Min] Not applicable [Non tight]
Tight 10.0 202 219 10.5
girder
Non tight . )
girder 10.0 Not applicable [Non tight]
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M3t olaz

T_other : Hel=oz 0I5t FHE et 74
T_press : He|He= Qlgt Tl 7K

Min : Mgk Zlojo]| olsl| ZY== dE™ 245
Grab : WXNEZ} ST XME== Graboll 2fst FH|
Slen : MIZH| 2EES 25 E|AFH

Table 80il ~2S =2 FAISH 40| CSR-BCe| 27:x[of| Hlah
2[X|= CSR-He| 2X[o|ct M YX|(bilge) 2t MF2 J_LP(side)
o| @7 x|= CSR-BC2} CSR-H 2FoilM ZAe™ z|4AFH 2
x|7} X|uf&olct, w5 7 22 CSR-HOIM 0.5 mm %.‘iBF%EL
Table 9= Aurzojol| 2 Ux|e} MEe(Ee| A 2[AFH
olch. A}-x"glug o| A% [ H Hoj 7I0| H2oM 0.5 mme| Z+

2, O|EMARZ=Me| A2 1.0 mme| &71e| dsko| Uct

Table 8 Plate requirements for bulk carrier[ CSR-H]

Table 9 Comparison of minimum thickness for side

shell

CSR-DHOT | CSR-BC CSR-H | IMPACT ON

L 4.5+0.03L |0.85L™1/2 |5.5+0.03L | DHOT | BC

150 9.0 10.5 10.0 1.0 | -0.5

200 10.5 12.0 1.5 1.0 | -0.5

250 12.0 13.5 13.0 1.0 | -0.5

300 13.5 14.5 14.5 1.0 | -0.5
2N deck)e| A< CSR-BC= ARA =|A-FHof oaf 28
Z|AX[ZE CSR-He| Z Hol| CHEH MIZH|Z Q15 #&o] =
EHoZ QlsiM H2 E2 JIX= 4ol 270l S71t L
Slct. Je{ut cholel Axl AAlel aEol|lM 22 MAH AHH &

CSRH LTS EAPP| Siof FRTZ0IN RTHs Sl Al
en | Toner M I pseo| Toess 8 & THE ARSP S22 AN Heol 9l § = ¢
[mm] | nymrey | BRV/meL | [mm] Cl. cigt ZYRE dlofut Zme| Sy} 2ETE 27 R0 2|
Keel 16.0[Min] 97 236 12.0 WA ™=l ZRoll= CSR-HZ Qlgt Hsho| U2 He=z of
Bottom | 14.0[Min] 202 |221~240] 12.0~12.5 Akt
ige | 4O - 277 10.0 OIEX TES(UKEI} SHEHE si2xel R0 w2} 2t
Sid 14.0IMin] | ) g3 | 169~236| 11.0~13.0 7| CIE Ba8 Dokt MniiEdoaded 2] 27 AL
1 (o5 ) - e 2 oIst @7R(0f Ofsh 0.5~1.0 mme| B7p} LABIICE ok
Shear 1126(())[|\1/|:I3ﬂ]5 123 112 9.5 CSR_HOHA_I |:|:|9|OI-E:IO 7|.A6|_o:|_0_” 7}_” o?'il |_3|_
Deck [Slen] | 132~214 | 70~102 | 7.5~9.0 SHE B0t 0= CSR-H7Hyehs QALE ZRialo ” HekE
(1.5~3.0) Mol o|&X Fz=of s CSR-BColl HsH 22 32288 &
Inner 17.0-17.5 18.5~19.0 AsH ol 7|elsict CSR-BCE= OIEA =20 thsll Hslizl
bottom S 74 | 484~514| (°07 Dol atmomio] 100 C o 1 oo
(Loaded) [Grab] (0.5~1.0) Mzo| eH=2349| 100%, CSR-HE &2 F==0f thall 70%2]
Inner 17.0-17.5 =33 S o{8eict
bottom [Grab] 76~128 |311~284| 14.5~15.0 23|25 empty)2| A2 AT SHE 5 Grab 27|
(Elmpty) 0.5 off ofsh ZEE|T, 242t 0.5~1.0 mme| Sk} MsISCH of
nner
bottom | "°1"® | —g3~-64 | 320~369 | 15.5~16.0 £ CSR-BCOIAE Grab T2+ 2|2 20ton2lol] s CSR-HE
(Ballast) | 5P Kuto] Zofoll w2} 2001M 35 ton7x| B7IBHe 24 Grab £
Fopper | 15 5[arab] | 57~74 | 321~349 | 1227160 S oI5k Sl 20f JIRIFich w2, Grabol PAISH:
(Loaded) (1.0~2.0) =
H ool hsliM= 7% E712 =23t
opper | 15.5[Grabl | o0 21 | 535 054 | 14.5~15.0
(Empty) (1.0) : : Hadr A2Eballast)2| A LHME Grabol| 2fs BN E|
Hopper 15.5[Grab] | —83~-68 | 355~369 16.5 MX|D|_|', SIHERE Meltzo| QX|T| TA“_l'?d—T’—, CSR-Ho|
(TBoap”jlje) 05-1.0 olsh 0.5~1.0 mmel 718 LiEldRict of= 4 (7). (8), (9),
(Loaded) | 12-0[Min] | -54~198 | 96~161 | 7.5~10.5 (1000l H= Ble} 20| SHES LYMBECH= X2 Grab §
i o5t B & @F5k= Zin —-Ho| &2 582 o
TOPSIO€ | 45 o(Min] | 89~128 | 94~165 | 7.0~11.5 Aol SIZHFAHE LTSRS Az CSR-Hel R SH8S=0l 2|
(Empty) 3l 7|olstct
Topside ) _ _ _
@alnsy) | 12-0IMin] | 45~98 |130~226| 8.0~12.5
(;ier!teerr 12'(2[2/;'“] Not applicable [Non tight] CSR-BC:
Tight ' t=0.28(Mgp+50)/ bk for inner bottom (7
. 11.5[Min] -97 282 11.5(1.0)
girder
Non tight | 11.5[Min] ) )
girder (1.5) Not applicable [Non tight] t=0.28(Myp+42) bk for hopper plate (8)
JSNAK, Vol. 52, No. 3, June 2015 269



SUZETFERACSRH) XM w2 7= FAf 7%l vl

CSR-H:

t=0.62bk(

M, .
283 )0-25 for inner bottom 9)

M,
t=0.55/bk (%)0'25 for hopper plate (10)

2 Aol Fx|= M| ofst FAl7
0{, CSR-HOllA 1.0mm Z71=/*Ach = 4=

ZI5IEL 0] CSR-BCRF CSR-H2| TH2(QfE AHlAte| xjo]
off 7|2Igkot CSR-BColl= A& =Rt 1e{ehe 3k5 ALz
7t glenq, CSR-Holl= A& ot Hefsh= AlLz|28F HA

Qi3 SN erRig SAl0| mefels

H==

lal
> I
(¢]
il
¥
[m]

ol, CSR-HollMel 4] (12)zt Zo| EHRUTte sk 49

of FHQ=el 5= HEEIXI2| TA F0|E 123t
CSR-BC2t CSR-He| xlo|= 53| MAF2t HElee| =0| &t

o7t 2 m M B2 Jo| U2 A= oldelct. et LXskE

Tl

Mol Aol o|SA Has Y3t SAlol= W W3t 22
/0] Q10 OISH B WF2| YIAES SHEL

HE2 A2 2ol sfxl=of U

>
S
Rl
=

Dy = prg(z+ —2+0.5d,p) for CSR-BC  (11)

Pps = P19 (ZT —z+t huir) + Pdrop for CSR-H (12)

SAHHE H|RSHH|FY HEHE N 2254 7Rt
CSR-HollAM 2.5m, 1.5m S75%Ct Table 10, 1101l 2|5HH At
HMEMo| ZAHEHLE 2dt Aooll= 2824 2.0~2.5mm, 1.0mm
9| ZI17} ol AFEIC

Table 10 Comparison of minimum thickness for
center girder

CSR-DHOT | CSR-BC | CSR-H IMPACT ON
L |5.5+0.025L | 0.6L"1/2| 5.5+0.025L | DHOT | BC
150 9.5 7.5 9.5 0.0 2.0
200 10.5 8.5 10.5 0.0 2.0
250 12.0 9.5 12.0 0.0 2.5
300 13.0 10.5 13.0 0.0 2.5

Table 11 Comparison of minimum thickness for other

girder
CSR-DHOT | CSR-BC CSR-H IMPACT ON
L | 5.5+0.020L | 0.6L.™1/2 | 5.5+0.020L | DHOT | BC
150 8.5 7.5 8.5 0.0 1.0
200 9.5 8.5 9.5 0.0 1.0
250 10.5 9.5 10.5 0.0 | 1.0
300 1.5 10.5 11.5 0.0 1.0

(4) 22 =577 274

CSRe| 24 #|rof &t 2 ChHAls, OIXICHHZHIE,
AL FAl, SAHX| FAHZE AR A =
xE USAZ|7| 2lof 22| x| FotH thF=2l g 2
TAlE A2 pHEeict weiM = od7tollAls Hel=oll of
oF tAl 27R|1E AESINC

MA offte| IS H|wshH MHHH =241t 27
Afeloll = 27511l CSR-HE CfE ZnE Eelct ojAde2 &
Ao| g=E3of 2ot Holet MA| HH 3HE =F7= o
dsh= galel ool Zeletet 4 (13), (14)= F &lolIM
Sdetoz vix|El 2RO T+ SIS AlL2| 20042 A

CSR-BC
S + w Sl?
(p + 1) (13)
mA'SRY
. UI
A, =min(0.9,1.2(1.0— 0.85|——|))
Ry

CSR-H & CSR-DHOT:
| Plsi®
f bdgX CRpy -’

o—l,
¢, =min(0.9,1.0— 1.0/ —|)
REH

22| Ao| 2IXtE & siE0ll siYots Mo, MHAHH 8
&, CSR-HolM =Rl & H<2lgh ClE 4452 CSR-BCet
CSR-HollAl 22 ZolX|2t ASet CS, RY2F REH = Fig. 3 =t
Table 122t 20| =34 C}E 22 Z=Ct Fig. 304l CSRH
Of CSR-BCol vla M HH 242 o 2idsk 1afske A
o LiEich T2l nE o tish CSR-HE CSR-BCo|
ol =2 =322 7IEich w2, FAle Helg={nt M

o
H HH SHollz chHAs 7Rl 2K £7t 2Ack

o 50 100 150 200 250 300 350

Fig. 3 Hull girder stress consideration for stiffener
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Table 12 Comparison of minimum thickness for other

girder
Material Ry(CSR-BC) Ren(CSR-H & CSR-DHQT)
Mild 235 235
HT32 301 315
HT36 326 355
HT40 346 390

Table 1324 140ilA H0{ 30| M5 2t HUAe| H¢ 7
Aleh ZutE LIERAY, 2 B2fe| 274l o= T &
27h BRA(EE dEze ZH 22| x| ot Ehat 2ol
H A cAE 2SSk sk Aol ofsh
CSR-Hof| o|gh dek2 gl A2Z oflatelch

S
oo AN—

Table 13 Stiffener requirements for bulk carrier[ CSR-BC]

CSR-BC
ltem Hull girder Pressure Section
stress [kN/me] Modulus
[N/mmz] [cm?]
Keel 202 223 300
Bottom 202 228~251 | 1182~1368
Side(Hopper) 88~-79 143~272 861~898
Side(top) 54~72 | 250~261 | 749~821
Deck 270~280 | 68~69 | 843~964
Inner bottom
Loaded) 118 477~531 | 1694~1883
inner bottom 121 269~321 | 965~1150
(Empty)
inner bottom | 101 g4 | 321~373 | 1153~1223
(Ballast)
Hopper _ _ _
Londod) 53~71 | 248~309 | 854~1064
Hopper 54~73 | 182~198 | 625~680
(Empty)
Hopper | gy 67 | 358~371 | 1232~1277
(Ballast)
Topside _ _ _ _
Loaded) 154~250 | 65~155 | 650~846
Topside | g6 258 | 66~155 | 694~845
(Empty)
Topside 1 g7 101 | 136~237 | 702~1327
(Ballast)
Tight girder 175 201 169

Table 14 Stiffener requirements for bulk carrier[ CSR-H]

CSR-H
ltem Huslltrir:er Pressure | Section Modulus
2 3
[N/mmz2] [kN/m?] [em]
Keel -197 218 345(15%)
1151~1173
Bottom 194 222~243 (=3~—14%)
Side(Hopper) | —102~-147 | 207~209 |873~1006(1~12%)
Side(top) -96~-105 | 131~140 | 782~792(-5~6%)
Deck 210 66~69 631~692(-28%)
Inner bottom o
(Loaded) -157 366~407 | 1982~2204(17%)
Inner bottom 1149~1347
(Empty) 161 209~245 1 (1790 1gu)
inner bOMOM | 151, g3 | 245~364 | 1355~1447(18%)
(Ballast)
Hopper qan__ _ 1074~1304
(Loaded) 132~-120| 225~259 (23~26%)
Hopper _ _ 947~1062
(Empty) 47~63 | 224~242 (52~56%)
Hopper P _ 1319~1447
(Ballast) | 027770 |37 7 43y
Topside o500
(Loaded) 130~198 | 81~117 [677~831(-2~20%)
Topside 409~765
(Empty) 10~233 | 41153 (-49~-10%)
Topside ra _ 592~1143
(Ballast) | 007777 | 116208} 45 7a)
Tight girder 176 282 288(70%)
O|ZX Fxo| 49 EE mo| 2AMof|AM LiEKt Hi2F AL

T

3Pl 42l 2ol 2l3t B7bt oL, BateFel S B
= Agist B} BYiC) HelRE 5
2 HEI5E Deiet SEALRIS| gloz Liekict of 22

49} S| X|R3H HREIE AL 0l

2itt = A Y ot RAR OIRE

(1) MAHAH A

71519, o] HetH

TFael xfolof 7|2l

et S7HE 23t

A

4.2 O|34H 7=

O|SMH FZM| MA| HH Aol theh 27 x|2| Af0]
= Table 150 He2[siACt.

Table 15 Hull girder section modulus of double hull oil tanker

CSR-DHOT CSR-H
Condition Msw Mwy Required Msw Mwy Required o
(KNm) (kNm) Section (kNm) (KNm) Section Deviation
Modulus(m?®) Modulus(m?)
Seqoin Hogging 2158200 2467376 18.99 2158200 2467376 18.99 0%
going Sagging 1226250 2588500 15.66 1226250 2588500 15.66 0%
Harbour Hogging 2854710 0 15.57 2,854,710 0.00 15.57 0%
Sagging 1530360 0 8.35 1,530,360 0.00 8.35 0%
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SESETEME(CSR-H) Mo mE = FA 7%[e| Hlw &4
(2) MA| HH =2zLUT 2oule AKX FAFH7} X|E)X0[20] CSR-He| £
|7} 1.0mm SIS} Al (15). (16)2 I me| ASIA |4
OISMM FZM| MA HH ZBZE0ll thet 7 &I2| 10| SH &8k CSR-DHOTRt CSR-He| +&o|ct.

= Table 1601 M2|stACt

Table 16 Required ultimate bending capacity of

double hull oil tanker

Required ultimate  bending
Considered case capacity(kNm)
CSR-DHOT CSR-H
Hogging 5630956 6194052(10%)
Sagging —4771907 —4771907(0%)
O|BMAF=Me| A CSR-HZ QIsh Ma| M ciHAIE

CSR-DHOT: 6.5+ 0.03L
CSRH :7.5+0.03L

MAEE BIX|E

=
1.0 mme| Z7Pt AU of

T He TA|7t

FAMISICE b, CSR-Holl ofgh Fek2 HMelRlo| 01501

EI FHZL FAeh ME2Ee| Mot sISSHolA Z|2FHo
ot 77t ol Elet

Table 18 Plate requirements for double hull oil tanker

ST SYsigieni, o] Zik= & A&e| Ma| AHH wHHA [CSR-H]
Zof et ™ol ek Hol| 7[elsct CSR-DHOT
A AMMsIEMel EMollM ofo] =2lEl Hieb Zo| 42 Hull girder
120t vDBol| Slsl 10% Zlsiic) ltem T_other Stress Pressure | T_press
ZO0lTk 2[5 b S/ FOIRLT. [mm] [kN/mz2] [mm]
[N/mmz]
(3) B 2H7x Q7%| Keel 14'(?[3/)"”] ~158 179 12.5
Bottom | 12.0[Min] -98 207 14.0~14.5
Table 171} 180] O|&MA|FEM| B ZRTE Q7RI o Bilge | 12.0[Min] - 225 14.5
Mal2Mal Solst dAloz Me|sigc) Side | 12.0[Min] | -79~21 |146~207|10.0~13.0
Shear 12'(?[3/)"”] 76 115 8.5
Table 17 Plate requirements for double hull oil tanker Deck 9_0[.Min] -109~-106| 56~76 | 55~65
[CSR-DHOT] Inner . 12.0~12.5
CSRDHOT bottom 12.0[Min] | -60~-49 |290~298 (1.0)
i ) 12.5~13.0
ltem T other Huslltrglsrsder Pressure | T_press Hopper | 9.0[Min] | -66~-53 |276~295 (0.5~1.0)
[mm] | ey | RV/meL | [mm] Inner | 9.0[Min]~ 8.0~13.5
hull : 5| -42~59 | 101~257 1
Keel | 13.0(Min] | —161 164 12.0 ull_|10.0[Sled] (0.5~1.0)
Bottom | 11.0[Min] | 98 207 |14.0~14.5 Center | g oMin]~ 7.0~13.5
Bilge | 11.0Mn] | - 216 | 145 PR r0.0fsear| T | 8T (05~1.0)
Side 11.0[Min] | -79~26 [131~207|9.5~13.0 Conter
Shear | 11.0[Min] -62 96 7.5 girder 11.0[Min] Not applicable(Non tight)
Deck 9.0[Min] | -91~-87 | 28~46 | 4.5~5.0 Tight
nner . 10.0[Min] | -98 244 14.0
9.0[Min] -74  |222~272|11.5~12.0 girder
bottom Non
imner hutl|2-OIMNI=1 o 69 | 105~230] 7.0~12.5 girder :
0.0[Slen] . 9.0[Min] , .
Contor . Stringer (1.0) Not applicable(Non tight)
bulkhead 9.0[Min] | -74~114 | 50~222 | 6.0~13.0
Center . . . sk 512 EHT =H{o A =0} Al
der 11.0[Min] Not applicable(Non tight) S sl |3 FHO| 2= (MNME, SHE, WEE A
iight ZH)o| ER2 HeItEHol| ost QT X|7F RAMEIHR 0] He
gider | 10-0Minl | —98 244 14.0 o Z712 olsh 0.5~1.0mm o Z7P7} LIECH of2f3H Belet
Non tight , , , 2o| MutMol Z7k= Al (17), (18)0llM H= Hiet 20| S3t5
girder 10.0[Min] Not applicable(Non tight) 0] Eukel= SEEAILIISOIA SH2EiTo0f chat ROk Alo| X}
Stringer | 8.0[Min] Not applicable(Non tight) olof| 7|2I5kct ol = AloflM PPV = 3l=2E439| okduli
272 CHEIEMEISI=2E] X 52 2 X3 & 20155 62
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Table 21 Stiffener requirements for double hull oil

tanker[CSR-H]

CSR-H
CSR-DHOT: pgz,). (17) .
Item Huslltrzlsr;jer Pressure | Section Modulus
[kN/mz2] [cm®]
CSR-H 1 pg(zr —2)+Ppy (18) [N/mm?]
Bottom -151 1g3~197| 1083~1201
AESI= AEE FASHof 3t of2) ChAkMEte| Ziojo (0~11%)
M Table 192 20 0.5mm 7P+ 2Ct Side 124-9 | 131~174| 7311440
(0~14%)
Table 19 Comparison of minimum thickness for stringer Deck 104~993 | 34~77 262~335
- [¢)
] CSR-DHOT CSR-H MPACT (61~60%)
5.5+0.015L 0.6L0.5
Inner —127 224 1140(2%)
150 8.0 7.5 -0.5 bottom
200 8.5 8.5 0.0 ~
Hopper | —126~-106 | 189~207 | 1289 1217
216.45 8.5 9.0 0.5 (11~13%)
250 95 95 0.0 inner hull | ~116~-18 | 80~24g | 22071118
300 10.0 10.5 0.5 (14~19%)
Center 459~1949
(4) 2| FETE 7% bulkhead 58~200 | 48~250 (5~94%)
Tight girder -90 237 1259(0%)
Table 202} 210f| O|ZMAFZ=Me BZA QXS AAS}
=M1t S wAloz Halsigict >4
Table 212 AESIH, 2Ee| H? FAISH ZolE HOo[X|2H °. & =
CEERS sz| TEBe| 4 Z/Pt EYCH Tofl izt 24
ollAM o[o| EAst Hiet 20| SlEf 3 M=k 25kN/m22| &t 2015 7ElRE MMSIEM} o|BMAHR=M| 2t S&7
off 7|2I8kct. 25kN/mPel Alo|7} Hellzdo| AF2 sl2Es T SR ZriEol| ofgt FEFAS| 2Tl et Fats FMSIAUC
Ho| 2xo|= AfMOZ 2 HIES AX|5l0f ZHE ZAIZHo| MAESIEMO| MA| HH Aol st @FX|of ChsiM =
C = xbt ek F2AH2 Fol7h UK/, BT} Kol Unbxiol A
— = o A .
slEMo] thisiM= Y&kl |idct cieh 7|1&e| CSR-BCRk=
) ) . =l2] sh Z=Z10 = nk==jel
Table 20 Stiffener requirements for double hull oil OEI=H . iTaiboHu(rg 5 )|j7+T0TA1'+| :;XLOH:L ;::uz i
tanker [CSR-DHOT 2l 7128] Zellharbou HS oS mE
[ ) ClH2 15t X8 Q78 Aoz oM=ICH MAAHH =&
oo clie DT A|SE R7F HoZ ojAkElch MAY HE2
—— — of| 25t QFR[OIAE CSR-HOIA| E1El oFA42 ols) 3}
Item “Strg'srse“ Pressure Mjgﬂfu”s Sxlo| ZRe} MAAH 15 wakl wz} CiE ZIIE BN
[N/mime] [kN/m?] lom?] e 7+5| Grab T, MA| AT S2iof th3t 25,
Bottom 124 206~212 | 1040~1083 H2A AL G, 58S, JEH Ha E”“ Soil thet Tt
: Zlof Hi5tZ QI %7:. | EFCt o|sMAlR=Mel MA HH
Side -125~78 84~152 | 665~1266 leiiel Qaxis Zolsiim A AL % gyt
Deck 917187 | 26799 | 1047220 o oixpsz oish 2 Alefoll cHeiMat Sleiict 28T
b';‘trt‘g;n 79 202 1116 Z= AEEIE o] Blo) B2 SZio| LRIl gigfoL), HEx
H AT, SIS0l Bk HE HIRR] AMAIS| Xjo|Z oI5
Hopper ~70~-51 198~216 | 1138~1425 Zo11 LiEAC) 5 oimoll AASH ClAMItol T3t @]
Inner hull ~14~125 41~219 | 249~1001 walol 0 0[S0 ek BAIS S5 7|=0| 7t MEW mEox
bcli?erd -62~105 54~219 | 237~1707 T&(CSR-BC, CSR-DHOT)t Mz =i SeiEsTEdA
ukhea (CSR-H)2| ZTfx| x|0|2 BAMSIQC) 2 =2o| A2 SZH
Tight girder ~90 231 1259 of vz, 2ol ujx| S T2fslol A of FmEt 4
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