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An Optimality Criteria applied to the Design of Plane Frames
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Abstract

This work proposes an optimality criteria applicable to the optimum design of plane frames subject
to multiple behavioral constraints on member stresses and lateral displacements of nodes and also to
side constraints on design variables, The method makes use of a first order approximation for both de-
flection and stress constraints instead of the zero order approximation based on the concept of FSD
(fully stressed design). A redesign algorithm is derived from a mathematically rigorous method which
uses the Newton-Raphson method to solve the system of nonlinear constraint equations and reduces
the design space whenever minimum size restrictions become active.

When applied to worked examples it proved more accurate and efficient, and it is often found that
optimum designs are not fully stressed designs. This fact suggests that this rigorous method is worth
what it claims for complicated computing and thus had better replace the crude stress ratio algorithm
adopted by the majority of optimality criteria approaches. This is particularly true as long as we enjoy
ever-increasing computing power at negligible costs.
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I “Active” A<kl A AATE &9
e 7hA = Lagrange 547t throld 2%
(Zero) .2 thA|stal, Newton-Raphson 738
A= R gYste] YR Sobt Lagrange $57
shvtelte doid, 1RAE A e A 25 E
TA] G (Zero) o2 thA 8t Newton-Raphson
}G & et

10 oR

47 MAB L

Newton-Raphson #}7% o] 4% &, “Active” &
Hd AAMSEe] vteA 18" HAg =
%a'“]"ﬂ ofs) 4HEHE gk vt & A2 ofYrh

“Active” AA¥W 47} Group 1o =34 1t
At QA HFo] FEREAN YA o
, wt}E Newton-Raphson #3-g& oz 3
A 2-& Newton-Raphson 32 zgisl7] A
off, 7 E FHagtolut SHuo o) At&d Ik
B} 22 “Active” AAHFEL Group 244
Group 308 A&drt 18|51, A& Newton-
Raphson #4-& M AIFIto] obd REHA R
ZH(subspace) ol A} A HT}

Rl }n fo &

I 48} e FEES
AAstdet 1, 79 —‘?Zﬂl:—
A eko g 2lsf Group
oz <lal FEgHdE = %'PX] 58 %’\‘:} Hh
of, 2,3 4,5 68 ¥A= 25 383
o dAMES 5 HAgh B} A Group 1 *é
74] A48 BEHArt Group 1 AAMSR B F/

¥l 2,3, 4, 5 609 =g BEAE9 Optimality
Criteria® 1.02, Group 2 AAESEY 1, 7H
Ba= zbzb 0.3757, 0.60238.24 1.0 ®r}h =2
e Ao EZM, 4(23) & B3t AR Ve

AR RS Mo Mes(1e%6 6) 129



B o 2B dA HL8 HHHE

60kg/cm
““”T:'mwu Warrveesisses
100kg == 3 5 ] 7
0 S A J400cn
= I 8 e
500cn 500cn 500cn

Material Data
B A S 240000kg /cm?
X A EF : 0.02 kg /em®
Z :40cm
&¢-39 : 150 kg /cm’
HAxol i lcem

O34 X2 0H -1
o}t 3, #Eg Lagrange 4 A9 77 25
Jaolug, e AAZ FitFoz dud F
HAAYE & F Ut

5228 287t =&

20kgs/cm

sonvo gt b e L LTI ITTTTTTTT

10kg/cm 8

100Kg ai‘iii‘iiiii}’ IEET NS

L 1

Iy 480cm . 480cn

M

i

a5 & ojx-2

Material Datat= &3} U8, 22 E gy
¢t &% 19 59 v} Optimality Criteriax®
Group 1 AWM F+E 9] 7%+ 1.0, Group 2 4
AMEE 1.0 2ok 22 g8 71X 2 Aok S84
°}7 @@ ¥ Lagrange 54 A9 219 HA x4
Aotrt AP Lagrange 5 Y7t %] g 7}
AL Yo HAe AV HHEALL @ &
Utk 293 108 B & Group 1 AAM S| 3
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FHAA &S =EHA g1 A, ole
HA LA AP HAZ M2 dES Reln ¢
=2

5318 28U =8

400kp/cm

1
500kg _.JTLLLLIé_LLLLia_

©

J‘ 9 960
£

fog—— 39060 iy 400CH gy

TS

36 HEoH-3

I8 63 g TRES YA E Hten, 7
ZE¢] Material Datat 1% 3733 +2 82 3¢
o Fdsh 2 =FA AN HHHA 2
e} gEuo] 2% A At F 20 Vet
Ak

#2014 &Yuje) o3t Ao A BASL &
S =gt HAHHAE AU WZstr)
ok 28 1, 59 EAolA SYA I BEg
Lagrange 557t &9 geolth, o] #Al9 339
A7l A& Gradient Projectione el ¢
91} Cost Gradient7} Constraint GradientE ol
oJ8)] A== Convex Conedll A W o} gt} o]
© 1, 59 FA 9 FHA o] “Active”7} obd A
Bl A A A7 EA e FAIEHE Aol

2 EX3 Zno| Hin

No FHAAA HE&EH4A(F.S.D)
" | Depth | Stress A Depth | Stress A
1 14.76 | 120.93 0 11.03 | 150.00 | -58.00
2 113.66 | 150.00 | 166.19 | 128.48 | 150.00 | 242.12
3 48.95 | 150.00 | 194.06 | 51.04 | 150.00 | 270.09
4 112.16 | 150.00 | 164.86 | 123.21 | 150.00 | 249.95
5 16.30 | 112.60 0 10.80 | 150.00 | -141.44
5 123696.85 127240.81
3 2.79%




A9y - A8 - AR

2 =&9 HH3 algorithme o] &3 A=
2, 3 4 FAe L&Y s 3 A o)
3} “Active” Ao 2 oke) Lagrange %%
€ ZAT 1, 59 BAlE 582 H0) o]2x] £
“Inactive” A|<F Jejol=z BAE Lagrange &
TE F(Zero)olt}, o]z U, o] RAYSe
Depth7} &3 ulol] o3 HA9 A3 v} ohax =
7R e, old Ayl 93818 2, 3, 414 )9
Deptholl ¥&-& )% ©]E9] Depth& 744
k. HAsle] dAel FEE FHL v P e
o, Syl )3t Aol H)a) B =2o] 73}
Algorithm$& B3 A7}t o 2.79%9] BAE B
Atk ol Fa)A, Sl 23 A7} do)
2+4 = Non -Optimum Designg 238 4% 9]
e AMd S ¥ 4 Qo

6.d &

B W) FRE it FaFoz Fu
HHAAE 48 F Ut FATE WYL A3t
ATk o] WA 2 BAo) At ASH
Akor HF}L 13 IAPEE FHEF Aol
1970 o] F L HE g2 HH3E Ly

€ Holth. &, APAfe] ¥ AAF 37 ¢
ZEA FHA %L G Y HH S A
sto] A A T o] XAH Aok g HF
Hlow olzds) A FHYo FPskA FALY
HA A7} obd HAR ¥ste Fe= ATk

HAA o] BAHA) FAY E AAF F¢ A
SYHEAZE A HHAAQ R g Wolx 1 gl
ou B =% HEAdE Bl 18R Lol
B EUT. oA, Y FRHes PR

HEAE & & de & 979 gL 239
AXAFE a7 BFstn O 877}
FE3TL B 3% 2o @43 FxEd 9
HE&S fstd(dzA 18 avl) A4FHQ A7)
gdag Ao},
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