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Minimum Weight Design of Transverse Strength Member by
Using Finite Element Method

by

Seung Soo Na* . Keh Sik Min* - Hang Sub Urm* . Dong Hee Shin*

Abstract

The optimum design of the transverse strength member was carried out with respect to the

minimum hull weight taken account of the 2-dimensional analysis by using Finite Element Method.

The optimum sizes of the member such as web height, web thickness, lower flange breadth,

lower flange thickness, radii, were calculated by using Hooke and Jeeves direct search method.

The optimum structure satisfies requirements to allowable bending and shear stresses in each

strength member.

The optimum design results were compared with the practical ship design.

The optimum design saves the hull weight than that of practical design amounts t0 9.6 % of that.
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Table 1 Moment dlstrlbutlon of test model

R A R a2 | 25 | s
sAP§ | o2 w2l w6 om.l  a21s7 —sond  osel] —I16r. 1‘ 68.
S.D.M. \ 575.9  1379. | —82l. 904. | 2200. | —567. 891 | —1377. | —54.3
This Program |  574.2  1382. l ~-833.6)  989.1 2216 | —597.4  980.1 —1367. | —68.
Node No. | 54 | 46 | 64 | 57 ] 5 | &6 | 6 . 67 | 7
SAP6 205 524 1907.5 —1346.6 1047.2 877 | 7921  1116.5-1047.2
SDM. | 18 528 1900 1 | 1076 367.8  —7T64.6  1136. |—1075.
This Program i 20.5; —529. 3‘ 1908. | —1347. 1047. 377. *: ~792. ‘ 1116. |—1047.
sign convention
Al e s
Cl I
Table 2 Shear force distribution of test model unit © t
- - i [ i - - T V\ TUTTyTTTTT
Node No. | 1-2 | 21 | 23 32 | 2 | 4-2 35 | 53 | 45
SAP 6 419.2  —580. si —182.3 —182.3  78L.3 —2187 2356 2956 —8.9
S.D.M. 419.7,  —580.3 —181.6 —I8l. 6 67 —22m3 2w 1wl =5
This Program 1.2 —580.8 —lg2.3 —182.3  78L3 —218.7  235.6  235.6 —8.9
Node No. | 54 | 46 | 64 57 75 86 | 68 | 67 | 76
SAP 6 -89 6.3 7437 294 —2.4 169 69 2163 2163
S.D.M. 5.0 %87 LA —248 -4 N2 L2z 201 220
This Program -8 ‘J; 256. 5; TA3.7 2394 2394 116.9 116. 9j 216.3  216.3
Table 3 Bendmg moment distribution of Model S-1 (case 1) unit : ton-m
" Node No.. \ 2 |2 | 23 | ' 3-2 |24 | 2 1 4B 53 | 45
SAP 6 20.90 —620.1] -1508.1 —3725.2]  s79.0  1473.8 —a725.2 —632.1  43.1
This Program 20.9 —628.6 1513 | —37Io. 884. 9‘ 474, | —3710. ) —642.5  36.9
NodeNo. | 54 | 46 | 64 | 57 75 | 86 | 68 | 67 | 7%
SAP6 | —s83.0 1430.7 2323 —1220.1] —1636. i s.7] 1534 385.7-1636.
This Program | 5838 1437, 236.1| —1226.  —1632. | 51.8 153.2  389.3 1632
Table 4 Shear force dlstrlbutlon of MOdel S-1 (case D unit . ton
Node No. { -2 21 I 2-3 ] 3-2 i 2-4 | #2 | 35 | 53 ] 45
SAP6 | —68.6  200.8 —820.3 11769  345.9 -—435.6) —990.1  183.4  49.5
This Program ] —68. 6; 2007 -80.2 176 | 3.2 —43m9 988, | 185 487
Node No. | 54 | 46 s | 57 | 75 | 86 | 68 67 | 76
SAP6 | 4958 4564 —1Is. 7} —708.6|  590.1 49.9 =706  —19.9 —176.2
This Program | 48, 7! 458.8  —116.6 —709.3  589.4 19. 9) ~70.5  —19.3 —175.6
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Table 5 Optimum design result of Model S-1 (case 1) unit ; cm
Element No. 1 2 i 3
Input | 550. 1.6 [ 150. | 3.5 450. 1.6 50.| 32| 450.| 1.6 150. | 3.2
Cutput 200 1.0 8o 1.6 32. 1.8 80. | 3.2 280. ] 10 ; 80. 2.0
Element No. ! 4 : 5 J} 6
Input o B00. | 1.6 80. | 32| 480. | 1.25| 120. | 3.2| 350. | 1.25 80. | 3.2
Output 450. .41 40. | 20/ 400. | 1.0 40. 1 L6 270. | 1.0 40. 1.6
Element No. 7 8 ‘ 9
Input 420. 1.251 0. | 32| 2000 | 1.25] =& L6 330 | L25]| 80 1.6
Output - 400. | 1.0 50. | 2.0 100. ] 1.0 40. | Lol 360. | 1.0 70. L4
Radius R1 | Rz | R3 | R1 | Rs | R6 | R | R& | R9 | R |Ru |Ri2
Input bo | 18| 180 | 180 | 100. | 100. | 100. | 100. | 120. | 120. | 180. | o.
Output | 5. 100. - 100. | 100 50. | 50.| 50.| s80.1{ 50.| 50.| 100. | B.
E F(cm?) { . E'—;ﬁ_ X100 ' Tteration l CPU
Present design(F;) ' 2.013x10" :
Optimum design(Fo) | 1.616x107 ! 19.8 | 534 840 sec.
Table 6 Optimum design result of Model S-1 (case 2) unit : cm
Element No. { 1 ! 2 l 3
Input - 550. 1.6 150. | 2.5 450. 1.6 50 3.2 | 450. 1.6 150. 3.2
Output ‘ 450. 1.8 180. 3.6 | 240. 1.6 | 80. 1.6 | 360. 1.8 90. 3.6
Element No. 4 , 5 J 6
Input L 500. 1.6| 8o 22| as0. | L.25] 1201 3.2 350. | 1.25 0. | 3.2
Output 240, | 18| 60 L4l 270. | 1.0 50. | 1.5 180. | 10| 60.| 21
Element No. ‘ 7 ’ 8 ‘ 9
Input 420, | 1.25] s0. | 21 200 | 1.25| 8. | 1.6] 33. | 1.25| 8o 1.6
Output 270. | 1.0 | 60. ' 71 70, L.o| 30.| 1.0l 300 | LoO 80. 1.6
Radius Rl | Rz | R3 | Rt | Rs | R6 | R7 | Rs | RO |R0 |RL |Ri2
Input 180. | 180. 180. | 100. = 100. | 100. | 100. | 120. | 120. | 180.
Cutput 5 360. | 70., 180. | 50. . 50. | 50. | 50. | 50. | 60. | 180.
- | ‘ _
| Flem®) } -Ezﬁf‘l.. %100 ] Tteration ’ CPU
1
Present design(F)) ‘ 2.013x10°
Optimum design(Fo) | 1. 682107 16.4 707 1126sec.
springe & * 33to] springx| A AelE  F ot (Fig ruleo] A @78 8% 27 F hogging full load con-

11 32x)

Fig. 11 = Fig. 14

PSS

1By Tz

T BT il

]
E

hogging ballast load condition
TAg Foldh
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(case 2)& 77}

= 824 % dehl Zle® NK

2248 55 358 19855 OH
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Table 7 Optimum design result of Model S-1 (case 1-+case 2) unit : cm
Element No. ! 1 2 ‘ 3
Input 550. 1.6 150. 3.5 | 450. 1.6 50. 3.2 l 450. 1.6 150. 3.2
Cutput 450. 1.8 180. 3.6 | 320. 1.8 80. 3.2 ; 360. 1.8 1 90. 3.6
Element No. li 4 5 ’ 6
Input 500. 1.6 ‘ 80. 3.2 450. 1.25 120. 3.2 350. 1.25 80. 3.2
Output 450. 1.8 | 60. 2.0 | 400. 1.0 50. 1.6 | 270. 1.0 60. 2.1
Element No. ’ 7 ' 8 L 9
Input 420. 1.25 80. 3.2 200. 1.25 80. 1.6 ‘ 330. 1.25 80. 1.6
Output 400. | 1.0 60. 2.7 100. = L0 40. 1.0 \ 360. | 1.0 80. 1.6
Radius | Ri | R2 | R | R4 | Rs | Re | R7 | R8s | RO |Ri0 |RIL | Ri2
Input ‘ 0. 180. 180. 180. 100. i 100. 100. 100. 120. 120. 180. 0.
Output 5 360. 100. 180 50. | 50 50 50. 50. 60. 180. 5.
‘ F(cm?) t o 100 esation | CPU
Present desxgn(F) 2. ()13><10T
Optimum design (Fo) 1.819x 107 9.6 1241 19665ec
Table 3, 4% case 1 353 w& = AAMo 44 HAN A $8 32715 vebiAols AL HAA
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