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Optimum Midship Section Design of Hatchcoverless Container Ship
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K. S. Kim* and H. S. Jong™*
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Abstract

The paper is mainly concerned with the applications to develop an optimum structural
design procedure for hatchcoverless container ship. LR. rules are applied to determine the
scantlings of the longitudinal members. As for an object function of midship section design,
the total sectional area of all the longitudinal members for midship section is selected. The
SUMT procedure combined with direct search method is applied to the solution of nonlinear
optimum design problem to find a optimurmn midship section arrangement. The results of
optimization study show that the weight of model ship may be saved about 8.0% per unit
length.
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(1) Lioyd's ¥ 73& A&sto 24T 54
A+ ZATA UM local scantling reduction
factor, S Fp R Fpol 3 27]A] XiHo] I
a8tk mEA 27l fARE A7]9 PeEE 2
T AgelXe] g o8 - xR dglew,
ol & FA Ede Afole g e 0%
st} Az]Eth

{ 0.00038 x L%*D  forL*D < 2632
. =
1

.0 for L*/D > 2632

0.0004545 x L%*D forL%*/D < 2200
FD = l
1.0 for LD > 2200
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td Thickness of deck plate
BT | Width of deck plate

SH | Width of the Sheerstrake
Width of the plate (except deck,

enter girder plates
by Thickness of the plate

NT | Numbers of the plate member
NL | Numbers of the longitudinal
AL | Sectional area of longitudinal

NG | Numbers of Side girder
Plate thickness of the K-th

Side girder
DBH | Double bottom height

te Plate thickness of the C.L girder

t

X(1) : Spacing of longitudinals
(in torsion box)

X(2) : Thickness of longitudinals
(in torsion box)

X(3) © Height of the longitudinals
(in torsion box)

X(4) ! Spacing of the upper tumn of
bilge longitudinals

X(&v © Spacing of the longitudinal
Between upper turn of bilge
and /2 from base

X(6) : Spacing of the longitudinal
above D/2 from base

2.6 HMist

FHE BA AF AHA
Lloyd's 513 osted ZAAE a4z ol
2 FAsle A 2A0F Bk

: 5320 (.j=1,2, ...... ,15)
Where,
gl-4 @ X&)/ Smin - 1
gh-8 1 - X)) / Smax

g9 X2 x 18 xVE /X3 - |
glo © 105 - X(2) x 18 xV£ / X(3)
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gll @ 1-ZDLR/ZDL
gl2 : 1/FB-1
gl3 : 1/FD -1
gld : ZB/ZBR -1
gl5  ZD/ZDR - 1
Higher tensile steel factor of deck.
X(l) : Spacing of the longitudinals.
Smin, Smax : Constraints of maximum or
minimum spacing of longitudinals.
ZDLR,ZDL : Rule required and actual deck
longitudinal section modulus espectively.
FB, FD ' Local scantling reduction factor
for hull members below and above N.A
respectively
ZB, ZD : Actual hull midship section mod-
ulus at bottom and deck respectively.
ZBR, ZDR : Required minimum hull midship
section modulus at bottom and deck
respectively.
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Fig. 1 Optimum midship section design
procedure
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Fig. 2 Shape and element numers for
midship section design
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Table 1 Comparison of OTC(program) to
actual design for longitudinal spacing
and weight variation.

#7148, g

Table 2 Comparison of results of 2000TEU
hatchcoverless container ship for optimum
design using various materials

j Case| Case |Case | Case | Case | Case | Case
CoseNugber | 1| 2 |73 |4 |5 |6 | 7
o Al | DK | DK | Al | DK | DK, | Al
Variable Al | HTS | Bup | HTS | HIS | Bum | HIS)
| o B I %
DK Thickness | %65 215{ 25| 25| 195] 195| 205
DK, Longi, | 6600 3400 3500| 3250| 2750 2850| 3000
_—&% 985.0{ 9500| 9250| 9200| 300 00| 86
| e ver Side | 7650 700/ 7660 7860| 7700| 00| 75
| oo Side )| 00 7700| 7800| 8100| 70| 7700 7600
Rule Req | 6856 6356 6856| 6836| 6356 6856 6856
Rule Req. SM. | 1983 1008] 1008| 1008| 924| 924| 924
_lglﬂeBRugqmsﬁl‘)’L 1283 1283| 1003 1008] 1283| 924 924
Actual Moment offyes 41| 135,67 | 13464 | 13325 127.11| 126,89 |125.49
ﬁ“m”a‘Dgﬁcg;‘g)M 1302 1015} 1011) 1008] 93| 93| 923
Actual Section M| 554 1901] 1871| 1829| 1846] 1825 | 1791
veight | 5447 2201] 2135 2087| 21.54| 2093 | 2015
ety J1097a] 10101 | 10121 9949 | ges | 10002 | 9777

(a) Nelder and mead s

implex method

OTClprogram)
ACTUAL [ ~ | HOOKE&
SIMPLEX EEVES

Frame Space(mm) 80 &0 80
Floor Space (m) 315 315 315
Torsion Box long. o

Smg_a:nn(rm'n) 50 850
iﬁ’.ﬁf"" z(" 11‘;”;) % 75 25

orsion Box . .

feight (mm) 400 '“5 340
Upper turmn of

Bilge Longi 80 Viss) 0
Spacing(mm)

z&ﬁz‘g Z)IL‘;( ne. 88 75 ™
ide ngi.

e T e e

tion us

Deck)(z3) 11.745 10.047 9934
Section Modulus

Bottom)(m3) 20.046 1829 1824
Weight(ton/m) 2. 766 2095 0832
Ratio (%) 100 92.02 915

e varber | 5] O | O | O | [ |
Variable My PR | B 1 | 7S | Bl |11S
2 Hisel 3% TSH %

DR Thickness | 3451 25| 25| 215 205] 195 25
oK Longl, | 5g501 3600 2400] 3400| 2760 3000/ 1350
| DK Lonei, 9100 8650| 9100| %500| 00| 8900|860
jﬁ’% 7860 766.0; 785.0| 8100| 770.0| 7700|7%6.0
| R side | 760 7900| 7850| 7650 00| 7700|700
Rule R 6856| 6356| 6856 | 6856| B356| 6856|6856

| Rule Rea, SM. 11259 1003 1008] 1003] 924 924 94
| RuleRea, SM 1289 1283 1008] 1003) 1283 94| 9:
et M‘m’( Dt O1163.72] 13631 | 13485 13304 12616 126.46 1647
el Se Section M 1200 1017| 1008| 1008| 926| 92| 941
Actual 5o Section Mf 5367 1920 1894| 1823| 1884 1824|1797
,;;7“‘ 298 2202| 2151 2096| 2143] 2087|203
et Juose| 10174 | 10162 | 10028 | 9897 | 997 | 97
(b) Hooke and jeeves pattern search

method
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CASE 1 2 3 4 § 6 1 CASE i 1 3 4 § 6 7
YEIGHT (ton/n) 1. { 0.9368] 0. 9094[ 0. 8891} 0.9176] 0.892[ 0. 8584 WEIGHT {ton/n) 1.10.9306{ 0. 9089| 0. 8856} 0. 9057} 0. 8819 0. 8586
C0ST (US$/x) 1.10.9286[ 0.92234 0. 9066 0. 9056] 0. 9114] 0. 8909 COST(US$/n) 1.1 0.9200f 0. 9189; 0. 9068] 0. 8949] 0.9023] 0. 8848
1. - \
O ¥EIGT(tonin) | O ¥EIEHT{ton/m))!
COST(US$ ) B sT(US$/m) |1
0.9 —— 0.9 Z
0.9 0.9
0.8 (s ¢
0.8 (e
0.75 G.7R
i 2 3 4 5 i ! 1 2 3 4 ] 6 7
(a) Nelder and mead simplex method (b) Hooke and jeeves pattern search
method

Fig. 3 Weight and cost influences due to higher tensile steel used

6 MIDSHIP SECTION, Sla. *%

DATE LAY 20. 1995
LONGL.  DIMENSION

= g 300x 90a 11 0/16.0
A’: , Z 300x 90x 11.0/16.0
i R I3 300x 90~ 11.0/16.0
PRINCIPAL PARL\\,L?)LAR t el 300, 90» 1.0/16.0
Lbp o 180 0C m LT 5 250x 90x 12.0/16.0
Sy RS St Lo e
B " i x * 1 .
B (mid) ....... 30.60 m L 4 .8 250x 90x 12.0/16.0
D (mid) ... 2G.50 ™ 3 13 300x 90x 11.0/16.0
AH T4 300x 90x 11.0/16.0
d (mid) ... 10.50 m T 15 300x 90x 11.0/16.0
Co at Lbp ... 0.6986 - o 18 300x 90x 11.0/16.0
17 300x 90x 11.0/16.0
g5 4T 18 300x 90x 11.0/16.0
A b st 19] | 300x 90x 11.0/16.0
Web Fr.Spoace 315 m o 20] 1) 250x 90x 12.0/16.0
o -~ 22] (2-8) 250x 90x 10.0/15.0
Floor Space 3.15 m L. e (7-8 200x 90x 9.0/14.0
Double Botm H. ... 1700, mm i 2 250% 90x 10.0/15.0
. K o LI 23 >'1| 150x 90x 12.0/12.
Bilge Rodius e 32000 mm L - 25} {2-5) 150x 90x 9.0/ 9.0
. 26 340x 21.5 F.8
Deck Longi. Space 895 mm =] v 27 340X 21.5 .8
Bottom Longl. Space B85 i L, - 28 340X 21.% R
Side Longl. Sp. Belween Upper 780 rem <9
Tuen Of Bilge & D2 A‘H“—' B
Side Shell ( Below D/2 ; T80 M b gt
Side Shall ([ Above D/2 795 rreur M B R
MAT
L, o ERIAL FACTOR
PLATE LONGL
i~ A DECK 0.778 0.778
SIDE SHELL 0.778 0.778
3 INNER BTM, 0.778 0.778
aH HOTTOM 0.778 0.778
an A an GIRDER ©.778
12.0 12.0 12.0
T 3 T 7T T 3 INTRODUCTORY REMARKS
12.0 1.0 11.0
AR an an 12.5 PLATE THICKNESS
b | 3 3 ul 1 1 e 3 e
) o T pgel ELEMENT nO)
A A

Fig. 4 Structural plan of midship section for 2.000TEU hatchcoverless container
ship
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