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Co-evolutionary Structural Design Framework: Min(Volume Minimization)
—Max(Critical Load) MDO Problem of Topology Design under Uncertainty
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Abstract

Co Evolutionary Structural Design(CESD) Framework is presented, which can deal with the load design and structural
topology design simultaneously. The load design here is the exploration algorithm that finds the critical load: patterns of the
given structure. In general, the load pattern is a crucial factor in determining the structural topology and being selected
from the experts’ intuition and experience. However, if any of the critical load patterns would be excluded during the
process of problem formation, the solution structure might show inadequate performance under the load pattern. Otherwise
if some reinforcement method such as safety factor method would be utilized, the solution structure could result in
inefficient conservativeness. On the other hand, the CESD has the ability of automatically finding the most critical
load patterns and can help the structural solution evolve into the robust design. The CESD is made up of a load design
discipline and a structural topology design discipline both of which have the fully coupled relation each other. This coupling
15 resolved iteratively until the resultant solution can resist against all the possible load patterns and both disciplines evolve
into the solution structure with the mutual help or competition. To verify the usefulness of this approach, the 10 bar truss
and the jacket type offshore structure are presented. SORA(Sequential Optimization & Reliability Assessment) is adopted in
CESD as a probabilistic optimization methodology, and its usefulness in decreasing the computational cost is verified also.
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3. Example of 10-bar Truss Structure
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F 1 Optimization results of the prefixed topology against the load cases

3 d
A&t 2

| XN

Topology 1 Topology 2 Topology 3 Topology 4 Topology 5
T P how 1593.18 1584.00 1655.43 1728.00
.00, 5.66, 1.98, .
| [ s v | £ 3E v sen 1
DF U0 0% 000 800, 567, 567 | Do 0 S0 190, 4.00, 11.31
toad case 1 575, 5.57 2.85
T T ow 9313.20 2309.10 2499 .46 2307.60 2304.41
.y 101‘120‘00‘1100‘1759;5 051007' 8.00. 11.31. 16.00. 180'0507‘ 1113'?;113' 37'4;8' 8.00, 11.31. 0.10.  8.00, 11.32,
G e B 1099 680 g 00, 0.10, 1131 | 000 0 B89 96 00, 8.00, 1131 16.00, 11.32
load case 2 0.10. 11.22 3.64 |
c 7 ‘ Obj. 890.42 881.38 905.94 1164.29
] 9 _
o 8‘18' 8'18' 8}8‘ (7)';2' 0.10. 0.10. 0.10, 009120'70'0180' 100'90“2' 0.10. 0.10, 8.00.
ARV AV BT IR g 00, 11.31, 0,10 | 7 TYS TPV e 60 0,10, 11.31
load case 3 | 11.22. 0.10 1.31
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I 3 Analysis of the reinforced structure

Total S(1} s(2] S(3) S(4) S(5) S(6) S(7) S(8) S(9) S(10]
Cascl 0.786 0.786 0.499 0.697 -0.499 -0.529 -0.497 -0.012 -0.499 -0.492
| Case2 0.001 -0.001 -0.005 0.412 -0.004 0.835 -0.010 0.026 -0.924 -0.027
Case3 -0.429 -0.429 -0.992 -0.193 ~0.993 1.777 -0.979 -0.050 -0.034 -0.957
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4 Optimums of the prefixed topologies against the multi-load case
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Al ool Boh {88 gobgolst AztEt 288E AT F 21&%} AL vl g A2 8iA &
HEA HAg AAE 27A 2 dgEgien g3 3

4. Example of Jacket-Type Structure A3zt REdAe 14% NS FHsAY. ol HlaiA,
SORA R&& ¢4 2Ashe 54 d&E4 A%

ddd F e sFAde 7HAE dalddA B 9 (62,045,403) 22 iAok S EA HE
naE 5% 4948 7R E Jacket-Type 72ES U Hl8] 30004 (SORAC HsiAl = 600w o]2= #=gt
FeE 2 4¥e FY& ZUth. Ground Structure] A4 b)go] B3e solstAth(E 5AZ). o= AAM
ARe 1270, 7Ved 94 84% 36708 7He 720 o] M7t B ol R UAAT, & AT S
o ZA AAelA 7 AAAR AL shFdiElY didtol Discipline 7+9] WHEo| g HA stz = QU3
¥z stEdde AAelrt. dEyEe D}C’ki}—‘% 2l &AM A w2 et TE2AY o FA6 &
AZ 4% W EAS e 4719 dHd 72 wEgo=z 7FetA == diel 949o] Ut FuE HEAI FERA
4.e+59 G BT FF S LER “@?‘5}5&9)’1 A= A3} oA e Ex43 5 (Target Performance) 71
AL vt REe 32 B BE 23 42 e who] gy’ e a1 8319 om SORAS A9 nhd
Jacket—Type Structureol|x] FAHoz2 t}F A 3 e BRHE2AQ HASE BIM 27AE BRIY
© FEE 33 AWE o 3% BgAEE X o}, utEgd e §55F 9 a9 st 4T
@6}1 SEEY HHsztel AAAA FAdA R s g A7, 712 A Tl HAEA(GPO)Y Axe
HoA e Wl @3 EFHUAAA FrHE 33 & SORAS ZZelA, 3 WA 8 A#E A Ystie hE
A Aot $4 2 dAldA AGgk FEHSE Al ukeks el Utk ol F A e O & ZHE
89 B4 ’5‘}]%"3}—‘\3 Young's Modulus(E)$} &8 & Zx Ad) 7]015k= Ao oflEk, T2 it WMol 713
H(op 224 242} 10%9 ¥ee 7Pgsia. 72 34 4 v Fshe F8 s3] 2HE 23¥ vHA Ha o

I 5 Objective and No. of iteration history

Deter. Only

Deter. SORA 1st | SORA 2nd | SORA 3rd

Iter

Iter./Obj.

B/ P,

Iter./Obj. Iter./Obj. Iter./Obj. Iter./Obj.

BIP;

GPO*

Iter./Obj.

1808/6485

-8.00/1.0000

3489/6477 | 252/6805 - - -8.00/1.000

146412/6789

-8.00/1.000

2421/9582

-8.00/1.0000

3226/9573 | 504/9997 - - -8.00/1.000

272160/9999

-8.00/1.000

2442/10263

-8.00/1.0000

1207/11231| 756/10658 | 756/10665 - -8.00/1.000

351540/10631

-8.00/1.000

1389/10937

-8.00/1.0000

1136/11431 | 1008/10885 | 1008/10890 - -8.00/1.000

429408/11124

-8.00/1.000

2015/11286

-8.00/1.0000

736/13809 | 1260/11538 | 1260/11567 | 1260/11564|-8.00/1.000

6341180/11470

-8.00/1.000

1701/11980

-8.00/1.0000

2595/11675 | 1512/12073 | 1512/12073 | 1512/12073|-8.00/1.000

1058400/12001

-5.98/1.000

1423/12264

-4.65/1.0000

1160/12556 | 1764/12679 | 1764/12684 | 1764/12683|-5.92/1.000

3004500/12470

-5.89/1.000

1506/12347

-3.49/0.9997

567/12674 | 2016/12885 | 2016/12952 - -5.51/1.000

4897500/13000

-5.45/1.000

Q||| |[Oor | [W N |—

1025/12433

-1.74/0.9591

2134/12715 | 2268/12733 | 2268/12821 | 2268/13153|-3.10/0.999

5124801/13152

-3.50/1.000

—
o]

1258/12448

-0.81/0.7910

2270/12752 | 2520/13188 - - -0.31/0.622

6542178/13225

-0.35/0.637

—
—

1025/12567

-0.33/0.6293

2378/12759 | 2772/12800 | 2772/12860 | 2772/13194|-0.29/0.614

5402609/13244

-0.24/0.595

—
[N}

545/12539

-0.13/0.5516

2436/12773 | 3024/12812 | 3024/12993 | 3024/13213|-0.23/0.591

8124795/13250

-0.19/0.575

—
w

1208/12759

0.00/0.5000

150/13077 | 3276/13026 | 3276/13225 - 0.18/0.429

6214785/13253

0.15/0.440

—
NN

150/13278 | 3528/13024 | 3528/13225 - 0.32/0.375

7421546/13260

0.30/0.382

—
ot

152/13279 | 3780/13395 | 3780/13241 |3780/13262| 1.99/0.023

6214589/13265

2.00/0.022

—
o))

152/13279 | 4032/13028 | 4032/13235 | 4032/13229| 2.05/0.020

ttl

19,772

D(21651) +S(85680) = Total (107,331)

62,045,403

“GPO =

General Probabilistic Optimization

=y M16H M3&(
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Fx-shy AAE nEd ¥R T2 AAAN2H
o] A M2 g2 ZAag uebria 7] mEo) =3
o} ¥ Bole AMEA) FrRACR ALE3 oy EEo A2 SORAY HFHEATA 718 HbHn 2] 19
0.02275( g=2)0l3l7} =717k WHEEE 33 FojA| 39 2% FHrp FEAME AAEAS 70 FEHE S
SORA7} A#Z w27 71x 2] vhE A =2 ¥A|s AHEE Rt gledl, #A AAAE sldste AE R A
¥ 6 Load pattern history - SORA
@ @ @ @ ® ® @
0.0E+00 [ 0.0E+00 |4.0E+05]1.3E +03|0.0E+00 | 0.0E +00 | 0.0E +00 | 4.0E+05
0.0E+00 | 0.0£+00 | 0.0E+00 | 4.0E+05|0.0E+00 | 3.91:+05 | 0.0E+00 | 7.85+03
0.0E+00 | 0.0E+ 00 | 4.0 +05{2.0E +02| 0.0E+00 | 0.0K +00 | 4.0E+05 | 8.8E+02
0.0E+00 | 4.0E+05 | 0.0E +00 | 4.9E +02| 0.0E+00| 0.0 +00 | 0.0E 00 | 4.0E+05
0.0E+00 | 0.0E+00 | 0.0E+00 | 4.0E+05| 0.0E+00 | 0.0E+00 | 0.0E+00 | 4.0E+05
4.0E+05|0.0L+00|0.0£+00|9.3K +02| 0.0E+00 | 0.0K +00 | 3.2E+05 | 3.7K+03
0.0E+00 | 0.0K + 00 | 0.0E +00 | 4.0E+05 | 0.0E +00 | 0.0K +00 | 4.0K+05 | 6.25 +02
4.0E+05|8.5E+02|0.0E+00| 1.4E+02 | 4.0E+05 | 0.0L +00 | 0.0E +00 | 5.2E+02
0.0E+00 | 4,0E+05 | 0.0K +00 | 4.9E +03| 0.0K +00 | 4.0E +05 | 0.0K + 00 | 3.8 +03
0.0E+00 | 0.0E 100 | 4.0E +05 | 7.6E +02 | 4.0E+05| 0.0K +00 | 0.0K + 00 | 5.78 +02
0.0E+00|0.0E+00 | 0.01+00 | 4.0E+05 | 4.0E+05| 0.0E +00| 0.0E+00 | 5.95+02
0.0E+00 | 5.5K + 02 | 4.0E+05 | 4.5E+02| 0.0E+00 | 4.0E+05 | 0.0E+00 | 1.3E+03
0.0E+00|4.08+05|0.0E +00 | 6.5E+02|0.0E+00|4.0E+05|0.0E + 00| 4.2E +02
0.0E+00 | 0.0E+00 | 0.0E+00 | 4.0E+05 | 0.0E+00 | 4.05+05 | 0.0E+00 | 1.51+03
0.0E+00 | 0.0E+00 | 4.0E+05| 3.6E +02| 0.0E+00 | 0.0E +00 | 0.0E+00 | <.0%+05
0.0E+00 | 4.0E-+05| 1.6K + 03| 2.7E + 02 | 4.0E+05| 0.0E 1 00 | 0.0 100 | 8.9 +02
o o o o o ‘ o
° 5 oo 90 ° g0 9@ ° %
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28l b Evolutionary Process of Jacket Type Structure (SORA)
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