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H-CSR(Harmonized Common  Structural Rules) integrating CSR—BC(Common  Structural Rules for Bulk Carriers) and
CSR-OT(Common Structural Rules for Double Hull Oil Tankers) came into effect in July of 2015, so that bulk carrier and double
hull oil tanker should comply with this rules, So far, several studies for trend analysis of requirements of structure scantling
based on H-CSR have been carried out briskly, However, those studies are rare to apply H-CSR in actual structural design of
ships, especially bulk carriers, In this study, an automated system for compartment arrangement is used to search the design
case that minimizes still water bending moment(S,W.B,M) in 38k bulk carrier designed by Far East Ship Design & Engineering Co,
Ltd. Also, various structural design cases are considered by changing arrangement of structural members to reduce ship weight.
The SeaTrust—Hullscan software developed by Korean Register is used to perform structural design of ships based on mother
ship and proper design cases are selected by user, The DSA(Direct Strength Analysis) is performed to evaluate structural safety
for the yielding and buckling analysis by using MSC Nastran software, The effect of weight reduction is verified by comparison
of ship weight between mother ship and the selected design cases,

Keywords : Harmonized common structural rules(H-CSR, S&t&a&+Z=r#2), Structural design(TtZ=AH|), Direct strength analysis(&|
HUTHA), Automated compartment arrangement system(T-2IEIX| RkssE A|AED), Weight reduction(Z2EZ), Bulk

carrier(AXEkE4)

1. A—I = 2015 72lRE 7|&2| CSR-BC (International Association
of Classification Societies (IACS), 2012)2} CSR-OT7} S¢&t=]
&Mool =MZAT|Q EHE 2=5P| Qoire MEIIE o S23ETFEE(H-CSR Harmonized CSR)O| L& =(RACt
Z0|= AE of|2} ARHEIY Mg dele A2 i 32 (IACS, 2015). wi2iM &% AHekzl= BE =MD MASIEM
5t ojct. O|E flshMe AA L Mot M 2ol ZX Fekst 2 0| MZ2 w&of 7|gtg Fof MAHE 3500} sk=tl, 2
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Table 1 Principal dimension of 38k bulk carrier

olo
A=

ZRHETL 2T}
HZR et OlsX‘l

Mek2 57H

Item Value (m)
LOA (Length over all) Appx 181
LBP(Length between

perpendiculars) 175

Ls (Rule length) 173.34
B(Moulded breadth) 30
D(Moulded depth) 15.2
s (Scantling draught) 10.6
Td (design draught) 10.1

DWT (Deadweight tonnage)

37,

650 (tonnes)

Table 2 Cargo length & Design cargo weight

Table 2= thet MBtel st=E E oot 7| 2l SEo|ct
1,58 S=5H2 3671(28.8m) 2,3,4H St=E2 33702 =3
(26.4m)oloq Bk T2 800(mm)E MA=(RUCE 1,3,5H &=
xS ZAZt MAAKHE TESICH

Fig. 12 CH&h Mefe| SUYF FoiHoz
20| SYoll =l=2Fo| EASH, A2l o|SA 7ot o, &
AfO|E |Fo| ZAHE V|ECR 2|52 " YUt sixl=
of 2A1, EMAo|=S WHols H=F HAVE six|=0] ATt
Zimho| Zuksk BZIR= flat bar EfRI0|0d, 1 9Jo| ZHkst B2t
ME 25 bub EfRl0] ARZEIRACE SHek BZRYo| 7H42 o]
S 7| 830(mm)olct. o|FXoll= 5 HHE EE.%}O 5
7He| HHIZL EXSie], HHo| 242 of2fel aEnt gt
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NUTRIN M0N0 J0E

Fig. 1 Midship section of 38k bulk carrier

3. TEx0] whE M

SEfstue} sEMZ0| 522 JiWst TEx| XSSt
AIAES (Na, et al., 2013a; 20130)S &304 MAH4 0| w2
Clekst F2iX|E AABIICE 2 Ao FRE MU AR2

sfiefMttel SOIEl MoX|EIAMQt SUSH R FH=(ACE
3.1 ZYS SAL WAL Tafeh Tl

Table 3 Design variables of midship shape

Design variable Min. value|Max. value| Step size
DB (m) 1.52 1.72 0.04
HTK (m) 11.34 11.76 0.07
HA (°) 41 47 1.5

Length Weight (ton)
Hold No.

length (m) | frame Homo. Alt.
1 28.8 36 6,450 11,000
2 26.4 33 7,600 -
3 26.4 33 7,600 13,000
4 26.4 33 7,600 =
5 28.8 36 7,750 13,300

Table 32 MAH=0] [ AAFAS LIEKA FO|o} T2t
x| RISk AlARe| A= oIFA 0|, SHHF| HE32
AHnt o ZE2 sijlen, SN 5 S el ZHE=R
ST TR AISst AAELS 3 At 294(6+7+7) 2|
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Table 4 Result of automated compartment arrangement system in similar cargo volume

Ship calculation

Design Design variable Cargo Seagoing S.W.B.M (kN*m) Flooding S.W.B.M (kN*m)

Ccase DB+ HTK HAx volume

(m) (m) ) (m?) Hog Sag Hog Sag

1,261,193 -1,301,247
15 1.52 11.48 47.0 50,747 932,432 -790,401 (+0.65%) (=0.24%)
1,254,660 -1,302,562
36 1.56 11.34 42.5 50,740 933,332 -788,694 (+0.13%) (=0.14%)
85 1.60 11.62 44.0 50,731 934,578 —-787,546 1,253,080 -1,304,338
1,248,205 -1,306,947
105 1.64 11.62 41.0 50,721 935,314 -786,314 (~0.39%) (+0.20%)

« ARMIL Sols TEHRIS JIXIn, Y HUS A8t TR ASE WA AR
*

DB(Double bottom height), HTK(Hopper tank knuckle), HA(Hopper angle)

Table 6 Result of automated compartment arrange system in similar cargo volume

Ship calculation

Structure design

Design Design variable | €argo |Seagoing S.W.B.M (kN*m)|Flooding S.W.B.M (kNxm) Deck | o tion area
case volume ratio (cm?)
514321 m Hog Sag Hog Sag (%) cm

1,422,401 | —1,461,680 24,926

61 33139(27(39|33| 50,750 978,272 -531,344 (+13.51%) | (+12.06%) 100.1 (+0.73%)
1,330,023 | —1,400,584 24,772

3 39127133|33(39]| 50,716 930,754 806,263 (+6.14%) (47.48%) 102,7 (+0.11%)
41 % 36(33[33(33|36| 50,731 934,578 —787,546 1,253,080 | —1,304,338 | 106.1 24,744
1,222,061 | —-1,217,087 24,525

60 39(130(30({39|33| 50,750 933,143 -670,150 (=0.47%) (-6.69%) 107.2 (~0.88%)
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Table 5 Design variables of bulkhead location

23 O|EA =0(2t SHMIS| L1E XHE, s 2o Design variable Min. value |Max. value| Step size

Z0| @237 zolct. No.4 72 78 3

] ] BHD[frame] No.3 105 111 3

3.2 BZ{o| 9Ix| WSS DeisH PEuIA] Noz | 18 | 144 | 3

No.1 171 177 3

ZUT Galof| Chsl FEHIR| AISEE a2 o EAlEfol|

M H Z T8 ZHE sl 2 2115 Eelg 4= gixi7 ol AX 1 Z3} Table 62 20| AAeloflM M & =8l ZHES}
Mo} SUSH ZUT HAS 2= AelolM EHHo| XIS AAH Z Aot USE =old = qAslend, O F AMMECE ML Al
F2 1245101 CHA| St FRIIX| XISs} A|AELS HSIRICt, 7| 2k 6.69% HaE ZE RHEES Zh= TEHIX| oFS R
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Table 7 Trend of section area according to longi.
stiffener type

Section area
Desi Lonai Deck
esign tong|. ratio | e | Difference
case ype (%) o with MS
(%)
Mother Bub | 101.9 | 25,450
Ship
1 Bulb 100.1 | 25,155 -1.2%
2 Angle 100.0 | 25,294 -0.6%
3 Built-up | 100.3 | 24,744 -2.7%
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Table 8 Trend of section area according to longi.
stiffener spacing

] Section area
Desian No of Longi. -
cas?a girder | spacing Value lefire’\r/lwge
%) | mm) | @em) | VM
(%)
Mother
Ship 4 830 25,450
3 4 830 24,774 —2.7%
4 4 730 24,691 -3.0%
6 3 830 24,481 -3.8%
7 3 730 24,407 —4.1%

4.3 OIFA 7 Jh=rol| whE EHEE s}

Table 9= OIFX| M (girder) 70| wie ZY %Hﬂd&@l
H2lE vl FAet Fo|ok HHO| IS Sht
|:||_:| 4% IjjI-AM%I A olo-l,:’.

Table 9 Trend of section area according to number
of double bottom girder

Section area
Design Longi. | No of Difference
case type | girder Valuze with MS
em ]
Mother 1 gu | 4| 25,450
Ship
1 Bulb 4 25,155 -1.2%
5 Bulb 3 24,907 -2.1%
3 Built-up 4 24,774 -2.7%
6 Built-up 3 24,481 -3.8%

Teble 102 SESSTEAED 250 F=uixlof e
TZEAE AT Zojolct MEle| S22 HUMQ SRE
Built-up ElRlI2 ARSI, HZAe| 7i2g &7 si, olZX
71E1°| 7HTE ERACRM URES BlSICL 2lof 7KK =

0| 7K TA Haet Arilek2 Teioln, 01F
xl+ ?’W?#I °F°§ M oAAM o] 2t SE2
108ton0|od, S AL2 S FTHHH} Mute| st2F7o
Zo| Zo= Ahksict
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Table 10 Summary of structural design cases

Design case Mother Ship 1 2 3 4 5 6 7
Longitudinal type Bulb Bulb Angle Built up Built up Bulb Built up Built up
HTK (m) 11.62 11.62 11.62 11.62 11.62 11.62 11.62 11.62
D/B (m) 1.60 1.60 1.60 1.60 1.60 1.60 1.60 1.60
No. of Girder 4 4 4 4 4 3 3 3
Longi space (mm) 830 830 830 830 730 830 830 730
) 25,450 25,155 25,294 24,774 24,691 24,907 24,481 24,407
Section Area (cm?2)
-1.2% -0.6% -2.7% -3.0% -2.1% -3.8% —4.1%
Reduce Weight (ton) 30.6 16.2 70.0 78.7 56.3 100.5 108.5

2 ARS O
Wt = 2T T ee] S dXMe| SIS H|wsio] 2
S ST UES elolgict AYLTHMES sl Pre & Post

. o)
processor2A] SFMZ0lA] FHESE KR SeaTrust— Hullscans

0

A3 oM, Solver2= MSC Natrang ARR3IZIC

TELETHAS] AE2 Fig. 30AM 2ol A Zo| REee =2
= ZUsk ot el tollM sasiict ok
FU2 SUSESTEMEOIM Hekle ReleasiME stEx
SHH-CSR Part.1 Ch.4 Sec.8)0l w2} £oi=|oion, AA=H
AA| s HEI(H-CSR Part.1 Ch.7 Sec.2)oll 2lslf Foi=|ACt

Fig. 3 Longitudinal extension of evaluation area

Fig. 401 591 2 Zo| UM 5101 B 3 5}
U0 et SHBETETAE 51871F D50 Bl
HOm, MM 222 HAS Sif APTIUTHAS 2B

Ak

bt 2t2t X

i
#a
»
S
el
FO
g
a
A
g
g
on

Xfof| w2t PR

x 5
SIEEIAS SUTIORM 2 o B30 Cfet PN oINS




Table 11 Weight comparison between mother ship

and design ship

No.3 Hold No.4 Hold
[Fr.108~Fr.144]| [Fr.75~Fr.111]
Mother Ship (ton) 1,106 1,086
Design Ship (ton) 1,091 1,073
Comparison (ton) -15 -13

o
o
_Ex)l—_l
o
ton

28 2 ALt

Table 112 AHUTHME2 &
$h Zo|ct 3 k=] 4 dAMo| AXM ChH| 15 ton Z4
25l on], 44 slEF | A< MAMo| AXM tid] 13 ton Z
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