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Abstract: Aiming at the problem of large total degree of freedom of the calculation model and low
computational efficiency in the refinement finite element analysis of the vierendeel sandwich
plate, based on the structural characteristics of vierendeel sandwich plates, it was divided into
several identical basic grids. Any grid was treated as a substructure and condensed into a
superelement, and then the number of boundary degrees of freedom of the superelement was
controlled. Based on the superelement, a new computational model was extended to reduce the
total number of degrees of freedom in the finite element model of the vierendeel sandwich plate,
thereby improving computational efficiency. A fine finite element model of a concrete vierendeel

sandwich plate with a plane size of 16 m X 16 m was established with different superelements and
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0.1 m solid elements, and the static and dynamic analysis was performed. The results show that

the parameters of vierendeel sandwich plates extracted by superelement method are less limited,

and the structural parameters can be extracted quickly to complete the calculation. The smaller

the number of superlement boundary nodes, the higher the computational efficiency, but the

error increases accordingly. When the number of nodes of superelement is reduced by about 89 %

compared with the fine finite element and placed reasonably, the maximum relative error of

calculation does not exceed 6% and the calculation time can be saved by 11% to 24%, and the

image consistency of modal and time history analysis is better. The refinement finite element

analysis of vierendeel sandwich plates based on superelement method is suitable for the parameter

analysis and calculation of the elastic stage of vierendeel sandwich plate structure.

Key words: superelement; vierendeel sandwich plate; boundary degree of freedom; substructure;

node; refinement finite element analysis
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Fig. 1 Structure of vierendeel sandwich plate
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Fig. 3 Schematic diagram of single superelement space
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Table 1  Static error analysis of four models
F Y IR FE /mm 2% /mm AR 22/ %
R 40 BT 40.796
A B 40. 796 0. 000 0. 000
B R 41.972 1.176 2.883
# C R 42,952 2.156 5. 285
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Fig. 6 Calculation time for static analysis
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Fig.7 Comparison of the first six natural vibration

frequencies of four models
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Table 2 Error analysis of vibration mode frequencies of four models

gy | TAVARUTI | A BORGON | A BORKIE | BEURIRD | B EURA | CBURS | C B
K ITAN
- EIAP $51 %/ Hy R/ % $51 3% / Hz %/ % 4§51 % / Hz 25/ %

1 2.817 5 2.817 5 0. 000 2.822 6 0.181 2.755 4 2.204

2 4.436 1 4.436 1 0. 000 4,422 8 0. 300 4,322 4 2.563

3 4,436 1 4,436 1 0. 000 4.422 8 0. 300 4.322 4 2.563

4 8.754 0 8.754 1 0.001 8.699 4 0.624 8.487 8 3.041

5 10.118 0 10.119 0 0.010 10.132 0 0.138 9.910 4 2.052

6 11.349 0 11. 350 0 0.009 11.529 0 1.586 11.147 0 1. 780
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Fig. 8 Deformation of four models under the first six vibration modes
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Table 3 Dynamic error analysis of extreme point of

four models
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Table 4 Error analysis of key data

(% KL /mm 2 /mm AT IR 2/ %
L E ke 0.709 4
A R 0.709 4 0.000 0 0. 00
it B AR 0.732°5 0.023 1 3.25
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Fig. 11 Calculation time for time-history analysis
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