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Minimum Weight Design of Midship Structure by the CAD System
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ABSTRACT

The study presents the optimum design of B/C midship sturcture based on the
classification society’s Rule.

The SUMT (Sequential Unconstrained Minimization Technigue), using the Direct Search
Methods (Hooke and Jeeves, Simplex) is applide to the solution of this noniinear optimum
design problem with constraints.

Through the optimum designs of existing ships(60k, 186k, 220k), the amount,
0. 45-6. 18% in weight of their midship structures are obtained on the viewpoint of minimum
weight design.
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-2nd Derivative Method.

-1st Derivative Method.

~-Direct Search Method.

-Random Based Method.

-Exhaustive Search Method.

-Trial and Error Method.
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-Internal Penalty Function

-External Penalty Function
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(Z 3.1) 294 ABOk) 4@ Fou| . unit mm, ton/m
| | T 4
Case LAl Dk only | DK Btm | All Dk only | Dk Btm \ All
Variable | Mild AH32 AH32 AH32 AH36 AH36 1 AHS36
. - $ ,
Dk. Thickness ’ 34.0 26.0 28.0 25.5 25.5 23.0 23.0
*——‘"; T — |
Dk. Longi. He. ' 680. | 505, Ia0 505. 375. 460. L 450,
. — ‘\ I t
M 780. . 780. ' 780. 780. 780. 780. L 780.
|
. g ] T —
Dk. longi. - | 1040. 915. J 1000. | 950, 1000. 830. ’ 850.
| S ; —
Btm. Lorgi, - ‘ 825. 830. 830. 830. | 830. 825. | 830.
| 7 — ] ]
Hopper Bhd. - l 825, 825. 830. | 830. 830. | 825, 830.
7T o
Hopper Side - 825. 830. 830. 830. | 830. ) |
| 830 830 [ 80

Topside Bhd.- | 950. 825. 830. | 830 | 82 825. 830.

. ] 1 ——— .
Side Shell - 905. 825. 830. o830, \ 830. 835. 830.
Weight (ton/m) | 28 559 26. 117 24. 779 24. 502 1 23. 804 23.509 | 23.649

i 1 H ;
(3 3.2 =294 B8sk) #9vwe F¥v|m. unit @ mm, ton/m
‘., !
Case All 'Dk only | DK Btm 'All \Dk only | Dk Btm | Al
Variable Mild | AH32 AH32 | AH32 } AH36 | AH36 | AH38
; ; | ! -
- \ - T - \ 1 2 R R
Dk. Thickaess |  36.0 28.5 2.5 | 2.0 I 2.5 | 270.5 28.0
Dk. Longi. He. 715 550. ss0. | seo. 485 | 480 490.
U U S H__,}F__.,,A;_.__.__Lf,f, . - —
Frame Spacing l 890. . 860. | 860. { 860. | 860. 860. 860.
— i i i e
Dk. longi. - | | 835 | 8. | 830 875. 995,
Dk longd | 1020 } 1000. | 835 855 \ | s
Btm. Longi - E 840. L830. 835. 830. ‘ 830. | 840 | 845
I ! 4 ; .
Hopper Bhd, - | 875. 830. 835. 830. L 850. 845. 940.
t Hopper Side - \ 835. 835. 835. \\ 835. 840. 845. 865.
|
—— 1 I
Topside Bhd.- | 905. 835. L 835. 830. 830. 845, 830.
Side Shell - 830. | 830. 1 835. 830 L 830. 830. 845.
|
$ t 1
' \
Weight (ton/m) | 55519 | 50.819 ‘ 47. 698 24.502 | 45.204 44. 417 44.184
il - H it
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(& 3.3 294 C(200 Ve FIHm, unit @ mm, ton/m
Case Dk only | Dk Btm | All Dk only | Dk only { Dk Btm All
Variable AH32 AH32 AH32 AH36 * ¥REQ AH36 AH36
Dk. Thickness 36. 0 33.5 33.5 31.5 H 32.0 34.5 315
Dk. Longi. He.| 720. 640. 665. 605. 515. 675. 625.
Frame Spacing 880. 880. 880. 880. 880. 880. 880.
Dk. longi. - 1015. 835. 835. 830. 945, 1060. 830.
Btm. Longi - 970. 835. 835. 830. 830. 835. 835.
Hopper Bhd. - 910. 855. 835. 835. 855. 835. 835.
Hopper Side - 925. 835. 840'. 835. 840. 830. 835.
Topside Bhd. - 885. 835. 835. 830. 845. 835. 835.
Side Shell - 880. 830. 830. 830. 845. 855. 835.
Weight (ton’/ m) 65.710 26. 117 57. 207 55. 308 56. 288 53.973 53. 840
* ¥ REQ. Inner Btm. Thk, = 26mm Mild ( 4F_FA3})
DK & Btm AH36, SIDE shell AH32
(£ 3.4) 2443 2yias) 3gua poit - mam, ton/m
Ship Model Ship A Model Shipe B Model Ship C
Variable Actual* % | Optimum % Actual Optimum Actual Optimum
”Dk. Thickness 31.0 23.0 30.0 27.5 l 36. 0 33.0
Dk. Longi. He. 435. 460. 450. 480. | 525. 515.
Frame Spacing 780. ‘ 750. 860. 860. ! 880. 880.
Dk._‘:)ngi. ~ 800. 830. 970. 875. | 980. 945.
Btm. Longi. - 850. 825. 860. 840. 890. 830.
Hopper Bhd., - 850. 825. 860. 845, 900. 855.
Hopper Side -~ 850. i 830. . 860. 845. 900. 840.
Topside Bhd. - 700. ‘ 825. 800. 845. 900. 845.
Side Shgll —Y‘ 900. ‘ 835. 880. 830. 900. 845.
Weight (ton/m) | 25.143 {‘ 23.509 44. 671 44. 417 57. 285 56. 288
Savings in % 6.18 % | 0.45 % 1.74 %
Actual* % : AFA Optimum : X d A
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A PROFILES
|
PLOT OF CROSS mmndoz oK LONGE SFFCE {915, | ELEMT EA DIMENSIONS
D12 2000 X 90.0 X 9.0/ 14.0
202 3000 X 90.0 X110 / 16.0
|5 2 5000 ¥ 800 X110 / 16.0
D |4 3 3000 X 900 X110/ 16.0
PRINCIPAL DIMENSION LW [ 5 3 3000 X 90.0 X110/ 16.0
L -+229. 25M T 603 3000 X 90.0 X110/ 16.0
55.0 M . H 7 5 300.0 X 90.0 X11.0 / 16.0
25,0 M poo| 82 2000X 90.0 X 9.0 / 14.0
18. 40M 9 2 350.0 X 100. X120/ 17.0
CB- 0.85 &l 102 3500 x 1000 X120/ 17.0
5| 1133500 X 100. X12.0 / 17.0
FRAME  SPACE : 880. TW.BKT SIZE : 2430. ,_mgs 5 | 123 350.0 X 100 X12.0 /17,0
TOP WEB SPACE : 5.28 HP.BKT SIZE : 3580.0 _ 133 350.0 X 100. X12.0 / 17.0
FLOOR SPACE : 264 "HOLD  AREA : 71706. 17 .& | 145 350.0 X 100. X120/ 17.0
BILGE  RADIUS :2160.0 @ | 234 300.0 X 90.0 X115/ 16.0
A 25 5 350.0 X 100. X12.0 / 17.0
INNER BOTTOM ® 28 2 300.0 X 90.0 X13.0 / 17.0
o LONGI SPACE : 830.0 & 293 350.0 X 100. x12.0 / 17.0
3 " & 313 425.0 X 105, X115/ 23.6
X . Q| 323 5100 X 0.0X330/ 0.0
S ® 33 13510.0 X 0.0 X33.0 / 0.0
= o 355 5100 X 0.0 X33.0/ 0.0
1951 365 400.0 X 105. X115/ 22.5
¥ i e s ne i o oo & il 375 500.0 X 135 X115/ 18.2
- 3.0 By 060 12 S50 ohe.e X <
® 3 tg mgooma 03 ua . 15 “ATERIAL FACTOR
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Fig. 3-6 Computer Offsets plots of Hull Geometry
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-FYe®  HdAe  Design
Procedure(LLOYD X3)
A. Girder Thickness(4.1.8.3.1)
*x CENTER GIRDER
t=(0.008d+4) v Kmm
6. 0mm<7t<<15.0 mm
THE THICKNESS MAY BE
DETERMINED USING THE VALUE
FOR d WITHOUT APPLYING THE
MINIMUM DEPTH OF 650mm
* SIDE GIRDER
1=(0.0075¢~ 1. ) v'K mm
% WATERTIGHT SIDE GIRDER
t=(0.0075d 2. ) 'K mm

OR, t=0.004.5.1 v 0. K/1.025 +2.5mm
% DUCT KEEL
t=(0.008d+2.) /K mm
OR, t=0.004.S.f/p. H.K/1.025+2.5 mm
B.INNER BOTTOM
* PLATE
1=0.00136(s+ 660) VKT +5. mm
OR, t=0.00455 vARK/C mm
OR, t=0.004sfvpHK/1.025+2.5mm
% LOGITUDINALS
Z=0.85+0.0106 s. K. Le’K, Cm*
OR, Z=0.0081 s.S*HC,. K/
(1-0.233Y1/D)C Cnv’
OR, Z=ps-K-H,-Le*/22. b(W1+ W2+ 2.)

C.BOTTOM SHELL
*KEEL PLATE
b =70-B-750<’b<C1800
{=t,© WHERE, t,=BOTTOM
PLATE THICKNESS
*BOTTOM & BILGE PLATE
(=0.001-S1- (0. 043L1+10.) vFB/K
OR, t=0.06351vTK/(2. —FB)
* LONGITUDINALS
Z=0.0106s-K-Lo' - K,Cm’
OR, Z=p-s-K-Le'H,/22. (W1 -+ W22 )Cmv’
D. HOPPER SLOPED BULKHEAD
% PLATE
t=0.004 sf v/pHK/1. 025+ 2.5 mm
BUT THE FIRST PLATE THICKNESS
IS SAME AS INNER BOTTOM PLATE
THICKNESS.
% LONGITUDINALS
Z=pLe/22.b(W1+W2+2.)Cm®
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E. SIDE SHELL
el. AT UPPER TURN OF BILGE
* PLATE
t=0.001 S1(0. 059 L1+7) vFB/K mm
OR, t=0.0059 S1 v TK/(2. =FB)mm
% LONGITUDINALS
Z=0.00106 sKLe’K1 Cm®
OR, Z=0.0113 psKH,Le?/b Cm;
e2. ABOVE D/2 FROM BASE
% PLATE
t=0.001 S1¢0.059L1+7.) vFD/K mm
OR, t=0.004951 yT.K mm
% LONGITUDINALS
Z=0.00106 sK Le* K1 Cm’
OR, Z=0.00113 ps-K-H,-Le*/bCm’
F. TOP SIDE SLOPED BULKHEAD
fl. TOE & TOP STRAKE

% PLATE
0. 6t

t=0.018s mm
OR, t=0.018s+FD/K mm

K3 Mt RETE Y R ERBEH MY wxr 21

f2. LOWER SLOPED PLATE
% PLATE
t=0.004sf vpH, . K/1.025+2. 5 mm
OR, t=0.012s mm
OR. t=0.012 vFD/K mm

% LONGITUDINALS
Z=0.01s-K-HLe*Cm?
Z=sKH,Le/22. b(W1+W2+2. )Cm’
G. DECK
* PLATE
t=0.001S1 (0.059L1+7) vFD/K mm
OR, t=0.00083S1+vLK+2.5 mm
OR, t=0.004 sf vpK-H,/1.025+ 3.5 mm

* LONGITUDINALS

Z=0.0106s K Le? K1 Cm?®
Z=0.0113 ps K-H,-Le*/b Cm’

ot

=
disckette & 3l 2 gFsokar 4
2tEE3 CAD/CAM Lab. (Tel 414-0031~
52 Azslnl T4 Qo)



