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Lateral Buckling Analysis of the Thin-Walled Space Frame
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Abstract

The tangent stiffness matrices of the plane frame and the thin-walled space frame are derived
by using the principle of virtual displacement. In case of the plane frame, the shape function and
stiffness matrices are presented for the rigid-hinged condition. For the unsymmetric thin-walled
space frame, the elastic and geometric stiffness matrices in three cases of the unrestrained torsion,
the restrained torsion, and the restrained and unrestrained torsion are evaluated by using the
various Hermitian polynomials as the shape function. Numerical examples for the lateral buckling
analysis of the space frames and the circular arch illustrate the accuracy and convergence characteri-
stics of the derived formulations
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X 1. Critical forces of right-angle frame

Number of

Elements

Fixed - Hinge

Hinge - Fixed

12000.00 (19998.50)
9943.846 (14819.92)

29998.44 (52498.34)
20707.75 (27545.43)

12 0885.212 (14698.02)|20313.67 (27177.78)

16 0874.659 (14672.31)[20231.27 (27035.16)

20 9871.698 (14664.80)|20207.23 (26990.87)
Analytical sol.:

Fixed-Hinge 1 74-¢ P.
Hinge-Fixed 91 7% P,

c

9869.604 (14659.36)
20189.79 (26957.69)
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(a) Fixed-hinge right-angle frame
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(b) Hinge-fixed right-angle frame

38 4. Right-angle frame with a internal hinge.
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33 5. Lateral buckling of right-angle frame under
end moment. Data of problem.
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(c) Semitangential
moment, (ST)

3] 6. Lateral buckling of right-angle frame under end moment.
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¥ 2a. Critical moment of right-angle frame under QT1

Number of Elements This study Results by ref?V Argyris's results
2 +0.493491 +0.493489, -0.552196 + 0.493505
4 + 0.493489 +0.493489, -0.522999 +0.493494
6 + 0.493489 +0.493489, -0.512829 1 0.493491
8 + 0.493489 +0.493489, -0.507860 + (.493490
10 + 0.493489 +0.493489, -0.504922 + (0.493490
12 +0.493489 +0.493489, -0.503177 + 0.493489
20 + 0.493489 +0.493489, -0.499258 +(0.493489

B 2b. Critical moment of right-angle frame under QT2

Number of Elements This study Results by ref. Argyris’s results
2 + 344417 +3.44273, -3.87102 +3.76435
4 + 343421 +3.43410, -3.64329 +351189
6 + 3.43365 +3.43362, -3.56981 + 3.46798
8 + 343355 +3.43354, -3.53443 + 345282
10 + 3.43352 +3.43352, -3.51363 + 3.44585
12 +3.43351 +3.43351, -3.4999 + 3.44207
20 + 3.43350 +3.43350, -3.47298 + 3.43658

¥ 2c. Critical moment of right-angle frame under ST

Number of Elements This study Results by ref.® Argyris's results
2 + 0.986993 +0.986978, -1.10371 +0.987011
4 + 0.986980 +0.986978, -1.04584 +0.987011
6 + 0.986979 +0.986978, -1.02559 + 0.986995
8 + 0.986978 +0.986978, -1.01568 + 0.986988
10 +0.986978 +0.986978, -1.00982 +(.986984
12 + 0.986978 +0.986978, -1.00595 T (0.986982
20 + 0.986978 +0.986978, -0.99828 + 0.986979

By
B |
Ty

213 7. Lateral buckling of right-angle frame under
end load. Data of problem.
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¥ 3a. Critical load of right-angle frame under end
force (load P, negative)

Number This study Results | Argyris’s
of

Elements | Method 1| Method 2| by ref®

results

faed

0.920857 10.981377 10.967465 {0.966318
4 0918112 |0.948675 |0.942199 |0.929945
6 0.917958 |0.938024 |0.933852 |0.923255
8 0.917925 10.932853 10.929775 |0.920916
10 0917917 10.929799 |0.927359 |0.919834
12 0.917914 10.927782 |0.925762 |0.919246
20 0917911 |0.923792 |0.922594 {0.9183%1

H# 3b. Critical load of right-angle frame under end
force {load P, positive )

Number This study Results | Argyris’s

Eler(r)lfents Method 1 {Method 2| by refV | results
2 1.50584 | 1.69950 | 1.50947 | 1.64538
4 1.50083 | 1.59721 | 150392 | 1.53742
6 150083 | 1.56279 | 1.50251 | 1.51661
8 1.50009 | 1.54633 | 1.50186 | 1.50933
10 150004 | 153670 | 1.50149 | 1.50597
12 150002 | 1.53039 | 1.50124 | 1.50414
20 1.50000 | 151800 | 1.50074 | 1.50148
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(b) Lateral buckling of frame under central force

% 8. Lateral buckling of hinged right-angle
frame.
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R=50cm, A=10cm? 1,=0.125 cm*, ,=1.0 cm®,
E=10* Nfecm?% GJ=50 N-cm? 1,=0.0cm!



¥ 4a. Critical moment of right-angle frame under

moment
Number of . .,
Elements This Study |Argyri 's Result
1 + 645.4269 + 882.62
2 + 624.5440 + 686.08
4 + 622.3675 + 638.30
6 + 622.2255 +629.34
8 +622.2184 +626.21
10 +622.2124 + 624.77
Trump (AL4A) : M,=62436, M,;=632.50
Analytical sol.: M,=622.21

H 4b. Critical moment of right-angle frame under
central force

Number
of This Study Argyri 's Result
Elements
1 +4.020289, -12.00825] +4.0474, -18.4558
2 +3.950129, -11.69596| +3.9595, -14.2362
4 +3.946413, -11.65154| +3.9507, -12.2646
6 +23.946208, -11.64972| +3.9483, -11.9167
8 +3.946173, -11.64849| +3.9474, -11.7981
10 +3.946164, -11.64814 | +3.9469, -11.7437

TRUMP(& 8 4) : M,= +3.9459, -12.6943
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2@ 9. Lateral buckling of hinged circular arch
under end moment.
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¥ 5. Critical moment of the two-hinged circular arch

This study
a® Analytical solution
Method 1 Method 2

0° +7.853982, -7.853982 +7.865600, -7.865600 +7.853983, -7.853983
30° +11.862389, -5.055605 +11.865155, -5.064451 +11.858316, -5.064639
60° +16.864788, -3.251220 +16.874200, -3.271896 +16.859893, -3.272654
90° +22.478488, -2.058135 +22.498048, -2.092348 +22.473642, -2.093061
120° +28.432431, -1.205295 +28.465053, -1.253265 +28.427364, -1.253767
150° +34.578997, -0.545077 +34.628035, -0.606567 +34.573013, -0.606831
180° +40.840705, -0.000000 +40.910279, -0.074641 +40.832892, -0.074674
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