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The Buckling Critical Load Optimization Algorithm
for a Rigid Frame with a Sway Symmetric
Variable Cross Section

. .1 . 1 e 7. 2
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Abstract: To solve a class of sway variable cross-section rigid frame with symmetric buckling
critical load problem,the numerical optimization algorithms of critical load with the stable buckling
position are discussed, and an algorithm of critical load for rigid frame structures based on the
boundary values of nonlinear equations is proposed. Starting from the condition of the starting point
of the column,the critical load and junction bending moment are considered as design variables,
the objective function is established by the conditions of continuity and boundary values of nodes,
the numerical examples are analyzed by VB program, and the results are compared by ANSYS
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simulation. The relative error of critical load is 1. 99% between the algorithm and simulation of the

constant cross-section frame with the beam length being is 2/ and the column height is [; The

relative error of critical load is 2.22% for variable cross-section single-girder gantry crane, the

relative error is satisfied the accuracy requirement,and confirming the correctness and effectiveness

of the proposed algorithm. The proposed algorithm achieves high precision calculation of critical

load with less design variables,and provides a reference for the study of the stability of rigid frame

structures in engineering.

Key words: rigid frame stability ; boundary value problem of nonlinear differential equation;

optimization algorithm ;critical load ; buckling position

WIZREEH RIFE ) S R SRR RE A BT
IR, LA |+ A 45 TR AR, [ 4k
SO ) B0y et S D7 AT R E A
FEt O E R T AR R AR A A Y
BRI B A BRI IE e AR
. LI Kuinian'”' % & T P-Delta %50 , FI] &
IERFE NI AR R 28 il — B o b A5 27
T AE 22 J i 2% 7. G. N. STAMATOPOULOS
ZEBIR AR - PR AR, S A
K i it 2% 1. B. BLOSTOTSKY 457 #£H T
— T R AE SR ) e e b 2 0 2 3.
USR5 FE TG B R S I, 3 T AR R IA X
WIARZEFEAT T il oA, b4 sE
ST VHRFGE 7R R B A5 % 3 X T 1) 28
AT MR il o> M. B R AR AR oL
Hamilton J5 PRS2 7 5004 K 22 % i 7 ) il

PEREAREEDS 1) 5 e ol o A 4 S R
ZAALR T B T R AR R AT R4
SRR S Ay P B5 0 O B i 2 A
B 2 nt, Bk b A K Z 5 X
MRPEESA A7 B R RITR T A8
T AT I Sk far 7, 6 DL 3R A I 4 2 m 0t
DA S48 ar A 015 AU R A AR 5, LA
Lt 1h o3 7 BRI R e b Rk
SR R AR B YT 55 B R A TG
SRR RS S B bR R, B TR
PG S3 75 R 390 I 850114 W R 235 A s 28 e £
SR, SEBL T DL /a5 1A o Wi 4R
SRR I AT Y kG BE AR, O TR

HAMRES%.
1 i il 303y RE AN A 2

P 1 hgoxd 2 AT WA A2 g 1 e T it
I ST AR 1 (a) IREIEAR. T
SRR, fRIAL S5 F DLIET 1 (b)), e )ik
fif FR ST AR AR B PASA Hsz g TR
1(c)FhmR.

F, F,
Bt N
/By /
| EI(x,) EI(x,) ' I
4 B
i A W
I 1
(a) J BB ALTE &
F

(b) X FREEH

-
7

L

() BAESIZ 5 BT
B1 XFRKISE 5z

Fig.1 The force diagram of the symmetric frame
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Fig.2 Flow chart of the optimization program
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Table 1 Optimizaiton proces of example 1

LR 2 (o) 2 (m) H AR ek 2 (E

0 0.70555 0.533 42 0.446 783 086 298 3
1 7.83294 0.533 42 0.023 189 618 816 8
1 7.83294 0.247 75 0. 001 403 528 699 1
2 5.86045 0.24775 0. 000 098 431 713 9
2 5.86045 0.261 52 0.000 011 221 8559
3 6.014 60 0.261 52 0. 000 001 440 675 0
3 6.014 60 0.263 26 0. 000 000 136 947 0
4 6.032 14 0.263 26 0. 000 000 010 562 0
4 6.032 14 0.263 41 0. 000 000 000 821 3
5 6.033 48 0.263 41 0. 000 000 000 056 8
5 6.033 48 0.263 42 0. 000 000 000 006 5
6 6.033 60 0.263 42 0. 000 000 000 000 4
6 6.033 61 0.263 42 0. 000 000 000 000 1
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Fig.3 The buckling position of example 1
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Fig. 4 Single-beam portal crane model
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Table 2 Optimizaiton proces of example 2

F,=8.118 46 =1.175 6 x 10° N.

B o =f p=m FIAR s i
0 0.705 55 0.533 42 0.279 861 323 9
1 9.019 18 0.533 42 0. 002 734 096 9
1 9.019 18 0.399 70 0. 000 238 406 1
2 8.14471 0.399 70 0. 000 002 135 7
2 8.144 71 0.396 37 0. 000 000 186 9
3 8.120 05 0.396 37 0. 000 000 013 0
3 8.120 05 0.396 10 0. 000 000 000 8
4 8.11846 0.396 10 0. 000 000 000 1
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