s THmE Vol.3lA (1985413 J])

Dual Approach {2 & % + 7 2N

BoEifE D REFRITHONWT
OPTIMUM MATERIAL SELECTION OF TRUSS BY DUAL APPROACH
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By Sadaji OHKUBO and Kazuhivo TANIWAKI

A new design method to select the optimum steel types and sectional sizes of member elements
of truss is proposed based on dual theory and linear approximation concepts. The design problem
is transformed into a sequence of approximate primal problems of convex and separable form
by linear approximation on material selection variables and the compliances of sizing variables
for member elements. The convex problems are solved by dual method, in which the dual varia-
bles are decided by maximizing dual function by using quasi-Newton algorithm, then material
types and sectional sizes of member elements are improved by minimizing the separable dual
function on each member. This separable minimization can avoid the inherent combinatorial
complexity associated with the material selection problems. The efficiency and reliability of the
proposed method are demonstrated by giving numerical results for minimum cost |design|problems
of 'statically| indeterminate trusses.
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@) EHRETLIZEICLNVEHLATH S,

50

TCOST

[o FEASIBLE (0/04, 8/ 84 < 1.005)

'
ro
o

) (LSOD1) SSNYL 40 LSOO TW1OL

M—2 (0 RTFIRUTBNT, 8a=

SECTIONAL AREA OF MEMBERS (cm?)

30 © NOT FEASIBLE (0/04. /3 > 1.005) ] g
4.0cm & L 2B & DREHAOBAGHTE, AL ‘/——~FM9H< 5 &
BRMS £ U F ORER AR 65 L UK 20 Y e 1 1Y
L ~ R R i (8/8amax =063 13 X
— 2 »Case 5 |2/RY, 2 O E R TIE, of |2
WH OO FEHES 3 DI & 5Teis e e N MM
— - N 4 » =7 s . L s n
T B Ehb, HEHETIIHM3 DA 00 ; Ty s s s
Ayt Jaiz R L B U2 oWEAElL NUMBER OF ITERATION (ITE)
Fh#Fn01lem? B £ 1£0.13cm? & ﬂibi‘%ﬁﬁ ®—6 3BHL5X (F—2, Case 5-O)DIFK:BTE

HOTIRMICHURL, fiffEd 1 #BRL T3, Z0&FMETCE 2 LARRICRMIH S Z &2 5, HiH3
DEGEREEAFIRIC & D RES A, Em_ﬂﬂfét LTS 2BBRLTE N, 20t ZRORERLALDTH S,
£—2 38BH 7 RORER Lt ORBEEDOKRT

M » Mz M Min. TCOST 4 ((7/ Ua) max Ity
Ar» A, A | 10 B 3/ 00| AT R
WM 5000 20,00 20,00 19142 || 1000 iz
— g 5 1 5
2 D | oo 2020 0.10 20.20 25739 0.875 ™2 3
) ) o ! Y 26676 -
S Mo e | 2356 010 2356 b= 40cm  p=fin
@ 28.28 0.10 28.28 28021
- B ae00 20.00 20,00 vz | oo Lyt
= 4 1 4
o | O | B BB 5556 0.10 2356 26676 1.001 Nl 4
SO ¥ ! 3 28021 A
© I —— 0.10 2828 8.=30cm  p=100wn
) 2356 0.10 23.56 30012
BB 000 20,00 20.00 w1z || 100
C:U_); @ "H%i JE. ﬁi@ 0?10 285_37 0%10 12839 0.879 1 2 3
<@ ! 5 ! 13311
S . 0.10 33.10 0.10 _
3 A3 2 i 3 i 3973 | O« 20cm | P=10010n
0.10 39.72 0.10
M8 6| 5000 20200 2000 S46 | | 1002
; © | e @& # 0.10 4985 010 15027 1.002 N2 8
< | @ ! " ! 16688
© i Oilo 36347 0110 8= 1.0cm ‘ P=100 ton
® 0.10 4985 0.10 17518
O | 0k 2000 20 00 iz [ 1004 |
o | D | o f 011 013 4021 25664 0.638 NI
2 1 4
< —
© @ JiE Oin 0113 46391 26608 8. = 4.0cm P=‘00’°”‘ P=100 ton
® 0.11 0.13 56.29 27934
1) M B 2) D ER TR (cm?) 3) TCOST = TOTAL COST OF TRUSS (1))

4) ITE = Number of iteration required to obtain optimum solution  5) AFKIZLZHE 6) HHAMMELEE
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2) 108HMIFR

H— 715108 F 7 2128 0T, &HiA0 6« % 200 cm —10m —r— 10m —
BLUL0em & LB E O REARAOEEE S £ O % o Bl 7 5 —?
Ba, 2NFNH—8, 9B LUE—3IZRT,

X — 8127k 82=20.0cm DEFFRIHIZ B WTiL, 72bAH] 3 7 18 10 é

IR BT, KIS L ORI (20 SR I 6 9 J
LUVBEEN TS, TNTOHMOMBNES 1 2 KEL T 1 9
L, YEORRERT, RERCBCTLEL L M1, 2, P=100tony P=100ton

5, 6, 9, 100EEMMEITTNTS &%), 475 EiiE
BLUMERE > Twb, 22, RERIIBCTREILD

AT B ORI, ZNTNOEMICIERT 2EM I ORIEBIC LD BLRLY, PONLET
hHH, FOMERIIT T BEEO TRESEENE X % » T8 Y, FEIH L E L Tl TR 28
FEAT AR E > Twd, Lzh-T, TALDMHIzw2 2 o8B ERL L, P 7 AREHe
R TCOST 121313 & A X 5.2 70

—F, B— 9127 So= 1.0cm OFEFTRIBE T, TNTCHOMMOMERE L - hAHIRIC LY RE S, £
iV:M@%ﬂﬁﬂﬂﬂﬁiﬁ*SPﬁi}E‘L’C%, 4 DB TTNTHEMOMEN 1 ICEFES N, 25124 HORRT,
Sa=20.0cm W X IAEEIZ, EBFF1, 2, 5, 6, 9, W0 EENM Lol rREL Tb, 4B, &
BWAEIZ B WCREE L 25443, 4, 7, 3OWmEES, MEMO THREL) 2LKRELHELEL - TWED
(X, BIFEDIABIZ BT 2 E@EBEDOHEREE LT, TXCoflHEHEMEL, »D2, TCOST n%il
=|A03%LIN &7 o 72k, BEMICINRL 2L 0 L HMTT AHERELHTWE2HTHY), 1HEIENK
BT TIoMmiEO MR 01em?® X4 » T3 M 8 # R EM 3, 4, 7TolmEMs, M- 9I1ny#H
3SOMEE A DUERBO L 512, TNT—HIEP L TETEY, REBOHELEL S SIZBKLCL
TRRABGRT Z XL, TRNTOTEL I ORI E HEEIC TRICE S5 2 &HTE S,

H—-7 108#bF32R

1000

(x109)
= 10m ——10m — (x109)
430 125
}Vv 1 00|
3 7 woe
, 4 20
800 12
P=100ton ¥ P=100 425

150} bl -t a Joras = 0562 3
< ® FEASIBLE (0/0u 6/ 8 < 1.005) ¥ & @max = 1,002 P
g TCOST| S o (770w 0 0a < L0 ] & 5 7001 ’
S NOT FEASIBLE (0/0a, §/8a 2 1.003) Q » 118 g
2 R g g @
w - o =
g o =600 Q
< w il
L§u - 410 4
" Z Z
o @ 2500 2
< —_ wi —_
w - =
o Q <« 4 Q
j (G/0q )nm = 1.004 2 2 400 s 0.5 o
S, < = {7 S =]
: e o | 33 K :
8 4 5 1 7 R £

Q 4300 F 1p:1ogmnl P=100ton <100
@ TCosT 5
_ ;o FEASIBLE (0/0q, 8/ 8a < 1.005) ES

g 200 © NOT FEASIBLE (0/0u, 6/6a 2 1005) 1 4

3

100 42

el

L A é 0
Q 1 2 3 4 8 8 7 8 ] 1 2 3 4 5 [ 7 8
NUMBER OF ITERATION (ITE) NUMBER OF ITERATION (ITE)
H—8 108# I 5 XDUKi@IE (5.=20.0cm) H—9 108# 5 XORFHIE (5.=1.0cm)

—260—



£—3 1081 SOV & & U BB

T

[ M Ms | M. [ Ms | Ms M | Ms My | Mo |
» A, As | AC ] A | A [ A A As | Av
TCOST (F) ¥
i 11 1 11 1 1 1 1 1 1
E | # m fm | 10000 | 10000 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
S 291421 X 10°
T 5 5 | 4 + [ 5 s 4 4 5 5
| WoE fE | 2836 | 5758 | 024 | 024 | 5670 | 4011 | 034 | 027 | 4103 | 3979
141644 X 10°
5 | 5 5 . 5 5 5 5 5 5 5
| 4 ff | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
it 524558 X 10°
f 1 1 1 1 1 1 1 1
(& B E | 42098 | 62298 | 968 | 943 | 84675 | 59540 | 1432 | 010 | 16527 | 595.55
962035 X 10°

1) Mi: RS 2) A fBMBRERE (cm?®) 3) TCOST = TOTAL COST OF TRUSS (H)

9. #

B

R@GLIZ BT, AHEHE £ ORI EEOBIOIC 35 <¢ Dual Approach 1= L1, R #AE L <,
PRI E S L OSBRI BRI R MM L Y, SWEERORE L TRMMES L oTE#ETE R

IZHRET B HEEREL 2.

AR TREL T HENETIE, ABEERORELEHMEL RET 5 2HICMEREIRERFEAL,
ZOORETER & W TR BT A TR B L RGO AN O FFTRE A BT 2, &Iz, I
IR HED 7 77 > v 2 Bk, BOTERIC 2w TRk L, BEEHE I >V TRAMET 22 &2k,
BEEFOFEAMES L UMETERZERT2L0TH 5, Z0%4, BEWeRo 7 77 v B, &
BEBEROLDHEEROMBONE LTEDLIN, ZOBEKRL &BEREHICHILIC, B0 MERIEHK
BLUOMENERERIC OV TRAMET 2 2 2k, SEROFEAMHEE JUNHETELRRT 52 25°T
E, HREAL - 2MBBREEORD BOrBOTHM 2 D ES &4 %, HBAFR T, EPEEHED
AP E 2 EE L, 1HNRRIZBIT 5 MENELTTHEEE 4, HENEE» %L w2177k
fLd 2 VI TMDMBENAIZREL Twd, &7, 777> 2 2O ERICET /At =2—}
PEEIZE DT T 547, Dual Approach T3t EROU R FINOPEZLRE 4 5 &HD ZRDE
Wbt T, —ROEMEEE R L TRMAFEATRH D 2 k7 TE L, S 512, active HHll#I &R
ERILRTTA AT D RIEHEMTO T 77 v v 2 B AILE D, H*ﬂrﬁim’éﬁé Lz 22 Bk E
BEMT, —HOIERETEEEH TR FEE &L UL 25 1RTH NS (), Mo skib%
IVEBATIZEHNTESL, ZnZ &Y Dual Approach (280 REHENKEL RIFOD—DTH 5.

72, KpXoFdd, FEBNES L UCEER MO RAL S 5 BMOMEEEL DY, THT L 7 2A#EHD
BEBRZ RN ET DL DIZEMMORE L fiEE L UKEM A RET 22 OGEHBIEAEL, #one
OB, RN, T ZADGHMEL FI2ow TR 2T 2, FOEE, b T AEEmO B A
mﬁﬂﬁﬂ*ﬂﬁfﬁ’\mdﬁlﬁﬁﬁﬁ&)f A L= 20, O T ILE 2 b, KBTI AT B S A B MW

ML= a— b B DEERMIZRETE D 2, REBAOBENS LU HIELE b TEVW 2 LY
RS & % 1), Dual Approach (2 5 éxéh%?’)*’ ESEE O KT O BB LB AL ST, B
% & 2 BRI EIR O I oL T ELOTHMIMETELZ WAL L -T2,
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Bk, RFRIZECTEHEEREN T DL EDHERL LI T 72720 72 KR LA LR T

LR

WMEKHE, BLUBELYNRENYE FUGRE IZEELERT S, 272, ISR AR

£ #— FACOM M-180-IAD 12 L 04T~ 72 2 & #fHilT 4.
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