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Table 2 Results of the three elements for Example 2

Model & Per1 Pcro Time/s
LIE — 18658.091 -94660501 1395.60
0.1 18658.447 -94667023 523.02

LIEI 0.5 18658.447 -94664484  490.24
0.8 18658.442 -94667046 485.86

1.0 18658.447 -94666792 351.96

0.1 18658.447 -94666889 481.70

HIE| 05 18658.447 -94667034  463.13
0.8 18658.447 -94668011 466.00

1.0 18714.018 -92861788 305.18
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Table 3 Comparison of results for Example 3

Displacement components

Model

X Y z
Bathe and Bolourd®®] -134  -235 -534
Simo and Vu-Quc#! -1349 -2349 -5337
Dvorkin et alf24 -136 -235 -533
Cardona and GeradfA! -1374 -2367 -5350
Ibrahimbegovif! -13729 -23814 -53605
Crisfield?®! -1368 -2387 -5371
Schulz and Filippold”! -1367 -2381 -5356

Ritto-Corréa and Camotifd -13668 —23697 -53498
Proposed HIEI -13671 -23800 -53543

% 4 {5 3 EER
Table 4 Running times for Example 3

& LIE LIEI HIEI
— 13.766 — —
0.1 — 12.156 8.719
0.5 — 13.109 9.875
0.8 — 13.478 10.016
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Fig. 9 Initial geometry of cantilevered right-angle frame
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Table 5 Results of the three elements for Example 4

DisplacemenE of loading poinfmm

Model Time/s
Py=12 Pyx=13 Px=14
Zhand® — 4575 55.51 59.84 —
LIE — — — — diverged
0.04 45.70 55.41 59.67 123.118
LIEI 0.08 45.70 55.41 59.67 118.125
0.12 — — — diverged
0.16 — — — diverged
0.04 45.70 55.41 59.67 84.735
HIEI 0.08 45.70 55.41 59.67 85.797
0.12 45.70 55.41 59.67 88.094
0.16 — — — diverged
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IMPROVEMENTS OF GEOMETRICALLY NONLINEAR ANALYSIS ALGORITHMS

FOR SPATIAL FRAME STRUCTURES Y

Li Wenxiong~" Ma Haitad® Chen Taicony

*(State Key Laboratory of Subtropical Building Sciencgchool of Civil Engineering and Transportatiorsouth China University of Technology

Abstract

Guangzhob10640 Ching)
T(College of Water Conservancy and Civil Engineesirgouth China Agricultural University Guangzho610642 Ching)

Two spatial beam elements based on the geometrically exact beam theory are developed using high orde

Lagrange interpolation and Hermite interpolation. An element-level equilibrium iteration procedure is proposed for con-
densing out internal degrees of freedom, enhancing the applicability of the elements to general-purposed finite elemer
software. A geometrically nonlinear analysis algorithm with both load control and cylindrical arc-length control is de-
veloped for spatial frame structures. The presented results of numerical examples show that the proposed approach
effective both to increase the computationfloiency and to achieve better numerical stability. Especially, the proposed
element based on the Hermite cubic interpolation performs better in the numerical tests and is therefore well suited for
the post-buckling analysis of frame structures.

Key words nonlinear analysisfinite element methodgeometrically exact beantinite rotation hermite interpolation
internal degree of freedom
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