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Optimal Plastic Design of Planar Frames

S.J. Yim*, S.H. Hwang*
Abstract.

The optimal plastic design of framed structures has been treated as the minimum weight design
while satisfying the limit equilibrium condition that the structure may not fail in any of the all
possible collapse modes before the specified design ultimate load is reached.

Conventional optimum frame designs assume that a continuous spectrum of member size is
available. In fact, the available sections merely consist of a finite range of discrete member sizes.
Optimum frame design using discrete sections has been performed by adopting the plastic collapse
theory and using the Complex Method of Box.

This study has presented an iterative approach to the optimal plastic design of plane structures
that involves the performance of a series of minimum weight design where the limit equilibrium
equation pertaining to the critical collapse mode is added to the constraint set for the next de-
sign. The critical collapse mode is found by the collapse load analysis that is formulated as a
linear programming problem.

This area of research is currently being studied. This study would be applied and extended to

design the larger and more complex framed structures.
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Table 3. Sectional properties of members in
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f) g) h) - -

oo 1 10WF21 6.19 106.3
;T 2 10WF21 6.19 106.3

Z Wé ,/W/ ]ﬂ/ 7" X,Z 3 10WF21 6.19 106.3
T T R 4 SWFI5.5|  4.12 44.6
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Fig. 5. Other collapse mechanisms of example 1. I: Moment of inertia
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Table 2. Results of example 1.
Desi iabl Arbltrary Iteration Iteratlon Iteratlon Iteratxon Tteration Iteratlon Iteratlon
€SI variables | initial design 5 10 15 20 21 25
— |
% (kip-in) 2470 ‘ 930 “ 710 580 580 420 420
X2 2470 | 930 ‘ 930 930 930 930 930
2 2470 | 930 | 930 930 930 930 930
Frame weight (Ib) | 2880 | 1680 | 1660 | 1600 ’ 1600 | 1570 [ 1570 | 1570
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Design f;rl:lﬁlaal Iteration{Iteration{IterationIteration
vzil_ailes design 10 12
(kigiin) 1470, 1470] 14701 1470 1470

X2 1700, 1470 1470 1470 1470
X3 930 710 710 710 710
Xa ) 930 710 710 710; 710

Frame

weigh- 2960 2820 2820, 2320 2820

t(lb) o

iteration 2o Al £ EE#E~} v}elvb =z iteration 12
oA MR AEE PRS2 FHEe X 249 &
Bt Wbt A& WEERE BREEd e g
o] 3l7] wEo] &

B) Gt

R RASIiEe]l B3 BRE PHRGE Hipsltd @

j{i@)’lm}’m@m‘ gﬁl?% fﬁ 2% 1980/}: 6)51

Design Arrbriirary . Jterative
initial * || t\deS‘g“ Wi @
varnables Design di:mgn o
%1 2470 1470 1470 14/0
Xa 2470 1470 1470 1470
X3 1150 930 710 710
A 1150 930 710 710
_@?ﬁt | 3660 s | s | 2s0
L ]
st Design iterative Design |
' 7
Collapse J l\ T
Mode — o] / 0/7«
[ / ‘
Fig. 11. Critical collapsc mode; example 2
C) ik fman
PTE A4 2o B el kel PR Bime
2 o] o3l FiE framed] @iFis HHE o} S5 7o)
TE S =
i
) l '3
——— .
1 2) 2
5 6
(;'U 3 l 3 N
&
5
7 8
@ ® X
77777 V4

Fig. 12. Joint; Member numbering; example 2



Load Factor

8 L d - sy
Table 8. Sectional properties of members in example 2 3-2-3. "R _IE 4| frame (2-story 2-Bay frame)
agvn — YRR —= Fig. 149 Z—RBTEH frame® KiwHe BiE-S
( Member | Section | A GnY | TUnD  pupre 100 #ein #iE el A Bizese s EEA

1 8WF20 5.88 69.2
2 8WF20 5. 88 9.2 Table 10. Avallable sections of example 3.
3 10WF25 7-35 133.2 Destgn Plastlc modulue Umt welght PlaEt;c;g]otment
4 10WF25 7.35 133.2 variablesjof sections (in%)'  (Ib/ft) einy
5 SWF20 5.88 69.2 — i :
. 7 3 2763.3
6 SWF20 5. 88 69.2 ?g ﬁ é(z) a 2;;1 ;
7 10WF25 7.35 133.2 e 60' 5 o ggg' )
8 10WF25 7.35 133. B ' It
)_H,, » | 18z 49.0 18 ] 1494.5

A: Cross sectional area - T e S -
I: Moment of inertia 82.0 45 ’ 2)01 “

v, ! 72.7 40 2217.4

MR A AL B BRI EREE BRI c 63.8 36 1945.9
BT T sk v e] (s Fig. 139 _Ei°iE]-. | 54.5 34 1662. 2

= 1 g T o
Table 99 4 w3 whs} o] FiEakst Ml 34.7 35 1058. 4
W e ES AN et whet /ﬂ pioa It " 30. 4 31 997.9
3
A gt Az 18.9 25 576. 4
15.1 2 20 460.6
4 38.0 | 27 | 1159.0
. % 2.6 | 902. 8
241 . 21 | 7350
1.0 19.1 | 20 | 582. 6
0.8 Yield point; 30, 500 pst
06 Ea e Al FEEE [Higg 1@73!1-— Hfufez €9
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Fig. 13. Horizontal movement of upper beam [Ale] SRR E M W Sheich. ob B NiEEEEA
Table 9. Member forces (unit- kips-in)
Plastic Termmal apphed moment
Member ‘ © Axial force
moment Joint Moment ‘ Joint Moment
1 710 1 709. 9998 2 —609. 0999 —5. 0825
2 710 2 609. 1023 3 709. 9998 —5.0330
3 1470 4 1470.0 5 —609. 1111 —5.0705
4 1470 5 609. 1104 6 1470.0 —5. 05632
5 710 1 —709. 9902 4 —506. 2261 0.8411
6 710 3 —709. 9939 6 —506. 5195 —10.9924
7 1470 4 —963.7717 7 —1470.0 8.014¢
8 1470 6 —963. 4717 8 —1470.0 —28.3183

|
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Fig. 14. Example 3: Frame geometry and service
loading
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Fig. 15. Elementary collapse mechanisms of
example 3

Table 11. Resulis of iterative design in example 3

Design Air:iitti;alry first I:fg;tglze Toakley’'s

variables design design 1 result
n | 2763, 3} 1830.2] 1839.2] 1839.2
1 2501. 11 1945.9)  1945.9] 2217.4
23 1058.4  927.2|  927.2]  927.2
% 1159. 0{ 902.8  902.8]  902.8

wﬁ;i“t“hm 6090. ol 4840.0)  4840.0|  5000.0
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