(TABRHIE H U511

1984 F£ 4 7]

o d ST M D ZEE) 2 B U o RS Y O i s i

FROM UNCERTAIN DIRECTIONS

N S VNGRS S ¢

263

OPTIMUM STRUCTURAL DESIGN SUBJECT TO EXTERNAL FORCES

‘/fIE %* KK

By Kunihito MATSUI, Kazuyuki YAMAMOTO and Yu/az'n KIKUTA

A computational method is presented for the optimum design of structures
subject to external forces from uncertain directions. Finite element method is
used for structural analysis so as to make use of the algorithm for optimizing
various types of structures.

As the loading direction changes, the member forces will also vary accordingly.
The direction most unfavorable to each member does not necessarily coincide each
other. Hence in each member the critical member force and its corresponding
direction need to be found before each optimization step. Constraints on stresses,
bucklings, dispacements and member sizes are considered. Also presented is the case
in which multiple external forces vary their directions independently. Example
problems are solved to show the validity of the optimization algorithm.

The concept presented here is useful for the optimum design of towers and

marine structures.
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— © 1 &) 2 @ Table 1 Optimum 10 Member Truss with Stress Constraints.
é‘ 4 9 A (bi max.com © max.lens. o
;| y 5 6 P Member Eiinz)) (kgf/cm ) U(ki;f/cmz)p @ (kgf/émz) a
w -
L, 8 10 ><< of 1 30.27 1025.0 1024.9 87.5 1023.9 | —90.0
%V» 3 4 ‘ 2 15.29 517.8 517.4 76.1 502.3 | —90.0
R ®/ 3 29.28 991.5 990.9 | —90.0 1177.5 57.3
L e 6m 4 19.08 646.1 645.8 | —90.0 1147.5 34.2
5 10.22 346.0 346.0 | —22.1 130.2 90.0
Fig. 2 A 10 Member Truss. 6 15.29 517.8 517.4 76.1 502.3 | —90.0
. 7 27.44 464.6 464.4 90.0 469.8 | —81.3
BTED. 8 30.30 513.0 513.0 90.0 517.0 82.9
9 32.09 543.3 543.0 90.0 549.4 | —8L.2
4. BUEFTEH 10 25.33 428.9 428.8 —~90.0 441.7 76.1
i _ Optlmum Mass 1329 kg
. Eyf YL = -, Fig.
/I:ﬁf :}E&@F‘ﬁ Vf%*ﬁn?ﬁr% et 8 0cq : the smaller of 1400 kgf/cm? and Euler buckling stress/1.70
ISR 10 S8 2 572 B350 - 7 AT 1 kef/em?=98.0665 kPa
J__ﬁ:iﬁgﬁzm,;.7 'l};';"é‘, B LU Pig. 5 - Omax.comp. * mar.cimumtcorf;lpretssive stress
Omax.tens. - Maximum tensile stress
Y 26 M 6 B SR b T A B I R
wAHS DEHED 2 HIc>nT,
o fERY b” - f EIE Table 2 Optimum 10 Member Truss with Stress and
([ O AE) & Z 1 L7 Bl a OREAT & 17 Displacement Constraints.
>z, (a) Optimum Design Variables, Maximum Compressive and
(1) 10 JHEF b 5 RiEiE Tensile Stresses
) AJ g AR Member | 80800 | oy | “BEERRD | @ |GRTERS | @
BRI OWTERE b=[b, by - bio)T BT 1 37.10 | 1256.3 842.0 88.0| 841.5 | —90.0
3;&;; L, FERREHEIC LI 2 B O 2 ke — 2 14.53 492.2 492.2 79.51 483.9 | —90.0
- 3 37.17 1258.9 774.3 ~50.0 926.1 56.7
MRAPTERO 2 RICHHIT S D O L FE 4 26.58 900.3 487.8 | —90.0| 855.8 34.7
L, %@t{:{% EFEL LU WMEREEREAQ 5 9.40 318.3 318.3 —35.8 186.3 90.0
b s 14.5 492.2 492.2 79.5 483.9 | —90.0
IAER B P=20tf (196 kN) OEIPHED, ? 27.03 458.6 | 458.6 90.0| 462.3 | -82.8
R BRI, bt FEEEER O X 8 30.61 518.3 518.2 | —90.0| 520.8 84.3
. 0 o s . . . 0.0 560.1 | —84.2
BHL w0~ oA gEETE o | 23| o) me | ) |
P ~/u 7R 2
%@kblh n{ 4}&(@% {ﬁé 0.1em® 2L, Optimum Mass 1421kg
v 3 420tk % 1LV E ] R 4o -
R 2 @iﬁ@ﬁﬂﬁ/f\ﬁ:( HHLTHRA éépﬁﬁ 1y ¢ca : the smaller of 1400 kgf/cm? and Euler buckling stress/1.70
-7z, 1 kgf/cm?=98.0665 kPa
( i ) FEﬁﬂ&U?ﬁ"J%ﬁ* amax_eomp:: ma)fimum con}pressive stress
. Umax.tens. : Maximum tensile stress
%XE{%Z‘@R“jJELi’ EI%%HG:OV\TV’tﬁﬁﬁh (b) Extrome Values of Displacements
FHBIERIGSIE (1400 kgf/em* {137 MPa}) LA 1 teni ) 5.
] Node | Displacement lé%” (‘Cnrgi‘ o (énn‘]‘)’ «®
L L, FEHEEHAIC oW TR RETRFT RO b 1
- . +0.500 0.379 | —90.0 | —0.380 84.8
A7 —BEERICH L TRER 170 2L - ! :i 11.500 1.360 | 75.7| -1.318 | —90.0
7-fE & 1400 kgf/em?{137 MPa} L o/hE % £ 0.500 o 500 6.2 o 361 9.0
g +0. . . —0. —80.
BRI BERIE I 0ce &L, SEMIEHE z v +1.500 | 1.500 | 76.1| —1.456 | —90.0
DRBIEHET &7 5 Z L 2 HRERL L L. s u +0.500 | 0.240 | -g0.0| -—o0.241 | 88.0
AR L VB SN ERE Table 1 (257 v, +1.500 | 0.538 | 85.9| —0.537 | —90.0
. Table 1 124 1254 5 Bl & w +0.500 0.265 56.7 | —0.221 | —90.0
7 } . %'JM/L AT ﬁ@jwrﬁﬁ " 4 v, +1.500 0.496 77.0| ~0.483 | —90.0
INEE, BRI RERSIIE B X O EOVER

u; - displacement in the direction of x axis at node

HRIDOEEN X o THEL 2858 OS5 REREST
¥, BRERIEHE L 2 FnOMEBEERAEE
%LTBD,ﬁ%ﬁw®ﬁﬁﬁmﬁ@®%@ﬁwmﬂf
B, 3T OB I A MRS S I &

REINTn5. Fig. 3 3A#ET ?%6%t%~ml_
Wit CHEAE S L7 b T AR ICR L, MEERSE
EDEEOBRHMOENEOBBRERLZLDT,

v; : displacement in the direction of y axis at node z

i HEER RO X x5 Al E, Sdicis

EHEER LY, WEERSFNOERICHT 5880
NOFERERD LT b, KNP EHH oM EE
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WEB MEMBERS
for 10 Member Truss

(Stress and Displacement Constraints),

Table 3 Optimum Design for a 10 Member Truss
at a Specified Direction of Foree.

Area(d;) (cm?)

Member — —
a=90°| @=45°| a=0° d:450 d:goo bimax
1 31.49 | 28.44 | 0.83 | 20.14 | 28.50 | 31.49
2 13.63 | 4.8 | 0.83 | o.l0 | 0.12 | 13.63
3 18.87 | 20.84 | 14.27 | 1.62 | 24.36 | 24.36
4 1.10 | 24.04 | 14.27 | 0.10 | 24.20 | 24.20
5 010 | 010 | 1.17 | 010 | 010 | 1.17
6 13.63 | 4.8 | 0.8 | 0.10 | 0.12 | 13.63
7 23.16 | 860 | 0.10 | 0.10 | o0.10 | 23.16
8 15.64 | 23.69 | 0.10 | 34.26 | 40.77 | 40.77
9 33.85 | 33.38 | 0.10 | 14.20 | 20.04 | 33.85
10 6.35 | 0.8 | 0.0 | 274 | 3.69 | 6.3
%’,ﬂs‘g‘ﬁg 945 834 154 446 795 | 1204

Table 4 Maximum Tensile and Compressive Stresses

(Approximation Method 1).

Member U(’ﬁ:{z/ég-ilﬁgl a® u(uﬁ;f/‘g&?)p' a® (kgg/ccamz) Smax.comp./0ca
1 1115.1 | —80.0 1115.2 89.1 1066.4 1.05
2 311.5 | —90.0 311.9 87.1 461.6 0.68
3 1296.1 52.0 1021.6 | —90.0 824.9 1.24
4 1044.4 38.5 650.9 | —90.0 819.6 0.79
5 545.3 90.0 864.3 | —39.1 39.7 21.77
6 311.5 | —90.0 311.9 87.1 461.6 0.68
7 300.4 | —-83.3 298.4 90.0 392.1 0.76
8 524.7 87.8 524.3 | ~90.0 690.3 0.76
9 658.4 | —89.2 658.3 90.0 573.1 1.15

10 946.1 87.1 944.9 | —90.0 107.6 8.78

1 kgf/cm?=98.0665 kPa
Omax.tens. : Maximum tensile stress
Omax.comp. : Maximum compressive stress

dcq : the smaller of 1400 kgf/em? and Euler buckling stress/1.70
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Table § Optimum Design Variables, Maximum Compressive and
Tensile Stresses (Approximation Method 2).

DFERE Table 3 IIREATH Member Ar(ierléga Walibmy | @ TRERY L @ | (gfieme | Omex.comp./oca
5. FEHMBTE R RS I X 1 30.27 1025.2 | —90.0 1026.2 8.5| 102%5.2 1.00
DR TEY, FHMIz T 2 15.01 508.5 | —90.0 523.4 76.3 508.5 1.03
NI - 3 29.24 1178.1 | 57.2 990.4 9.0 990.4 1.00
%@:@?%4’#% st &, O 4 19.11 1148.9 | 34.3 647.1 | —90.0 647.1 1.00
WM OB ETEHE L 42 (Table 5 9.73 136.6 | 90.0 356.6 | —22.5 329.5 1.08
. L5 LT 7o R 6 15.01 508.5 | —90.0 523.4 76.3 508.5 1.03
N ? BonkE 7 27.36 468.5 | -81.5 463.3 90.0 463.3 1.00
BOEEIZ1204kg THE. 2O 8 30.36 517.9 | 83.1 514.0 | —90.0 514.1 1.00
IS8 —90°~090° o> [ C iR 9 32.14 550.3 | —81.4 542 | 9.0| 5442 1.00
) 10 5.25 40.1 | 76.3 4276 | —9.0 1427.6 1.00
CEBT A HEEZ TS L X, &
ﬁl&*)j‘@%j(%]?ﬁﬁ‘jj E"j(BZfﬁﬁF‘ Optimum Mass 1324 kg
8 k w ._., H AR 0¢q ¢ the smaller of 1400 kgf/cm? and Euler buckling stress/1.70
NBICERLORIMEEZET S 1 kgf/cm2=98.0665 kPa
ﬁfijﬂ_ﬁ]fi Table 4 W_/;J?"s" L Omax.tens. | Maximum tensile stress
Omax.comp. | Maximum compressive stress
D Thb. BIERICHLT, T
SRTOBEIIRB D 505, FEHER
HeB LTI, SFLLARES 5 Table 8 Optimum 25 Member Truss with Stress Constraints.
P TIEARL, Pic HEAEED 20 Group | Member Ar(ifxff’)f) (g | Bome | et | et | e | e
e 2EMBHY, 20k 1 ( 1 \ 66.15 1400 1400 73.2| —180.0| 73.2 0.0
> > =Lz 3 P
E 2 HIC X BEREMIEE IR E A 2 1400 97.5| —122.9| 106.7] 178.7
HAREMBRH B I L ERLTNS. , 3 03,14 100 1400 106.7 63| w.5| -57.1
Gy R 2 4 : 1400 97.5]  122.9] 106.7| —173.7
i) i 5 1400 106.7| -6.3! 97.5 57.1
IR 1 & FHROTERIRIC & 6 1400 73.3| -173.7| 115.9] —116.0
BISSHEIGEEERCE R L, 5 7 65.41 Li00 1400 73.3| 173.7| 15.9| 116.0
N B . 8 : 1400 115.9| —64.0| 73.3| —6.3
OEEMRBERNCT B X1, 9 1400 115.9 64.0 | 73.3 6.3
B~ o S 2 = 2, b . y
ROB{L7 e 7T bk FORTE & RE 10 1324 130.4 0.0] 849 0.0
Lz, #OFEIZ Table § 25T . 1 550 L34 1324 84.9| -180.0| 130.4| -180.0
S0 ThD. X B EOREC 12 : 148 | 113.9] -70.3] 113.9) —109.7
ER0TH Bic T Ol T 13 1148 113.9 70.3| 113.9] 109.7
s X S 1 90°~90° A
X “‘né g 0°~90" D 14 1297 113.4| -53.51 90.8] -48.1
HCHERRIC F M AT T S HES 5 15 i 297 1207 | 118.4 53.5| 90.8 4.1
%” 5L X, %’%ﬁﬁblﬁi L 5%j{5" 16 1297 90.8 | —131.9| 113.4{ —126.5
i 17 1207 9.8 131.9] 113.4| 1265
RIS, BRRKERISIEEnHOE —
_ ) T 18 1400 64.5] 152.1| 1155| —112.3
EEZDWEHMLFHRICETIAT 19 1400 | 15.5| —67.7| 64.5 27.9
6 47.01 1400 : : :
w5, 20 1400 64.5| —152.1| 115.5| 112.3
21 1400 | 115.5 67.7| 64.5| -—27.9
(2) 25 IMHfarfhk b 5 RigE
. . . 22 1400 1u7.2 390 92.9 4.3
Fig. § (R4 #E, 25 M 23 1400 | 17.2| -39.0| 92.9| -47.3
7 143.78 1400 : g . :
LR ARBEBRIFAOSE THS. 24 1400 92.9| 37| 17.2] 1410
s . 25 1400 02,9 —132.7| u7.2| —141.0
FERBIIEE @ LEE @ IR ‘
Optimum Mass 5407 kg

F BB E P=100tf {981 KN} 8

dcq : the smaller of 1400 kgf/cm? and Euler buckling stress/1.70

FREFNMNLC 3 RALHMNEEE
DWEERAETEHLES Lo L
L, 10 #8814 b T A M85 & Figo 180 /EHhO L £ T
B/ANVEBHFEITO L Table 8 OoEENEoh. &
B hle - TREDOITME L ZE L, HPMELBE
FTHRAEEITY v/ LT~ =7 LTR Y-
TRY, 25 EHET S-S BELTY 5. 20
BTHE, BEA DM, FEEMCHD B VIZERE

1 kgf/cm?=98.0665 kPa

T, BHAAHRE > TWSEZ ENbnd. B 12,13
EERRE 10, 11 LRICKIE & B2 T 5 72e, IR
RBHDD. ZOFREPLL, BLZVF 4L ERD
WEHME, B I TR TNBZ EBbh5.
FRPBEET A E R A AR R BT 545
Ui Ui 3 eI & P I B & 2 TR S

A
=
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Fig. 5 A 25 Member Truss.
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(3) FHERCEL TR, SRR 255 LR
MY, AR LU 2 ZFRICRE TH 5205,
®BEFEETIWMEFMEERT &, ThictheatEeg
b TL 5.

(4) FFERFHETE, EROWERThZERMLL
TEOERSMEERT 5 L ) n B2 HEREORE
LREDICHITE 555, AL 1, IR 2 g
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(8) B, SENTZ Y F 4 DN LR BFEF
DB IR -TEY, BEpOERES, FERED
Bt oW AP POLY, ZOWMEFRNOHESE £
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KDDL LNTES.

AFEIC BTk, Rosen Ol ZAEIEEY A
WTW5 2, ERERTERORS ., LV
BR7 Ay SACEBERLZZLIZI VR
HOMELEHHBZ LNTE S,

BEA ¢ BSHEHM ERLTV 335G,
2.(2) ORIMEORETRLIZLY I, BT
BLD 7 )5 4 B EEETRICRD B 2 &
NBTES. LPLBEHED X 5 CERANE
BT 35AE, BIMELEEEFERERCT
B LERH B, ERE, BEEEEELTFE
ERCTIHL i, X3 VRN RELE
BERHOARWAEY, RETHS .
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LET.
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