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Dynamic stiffness matrix model for the flexural vibration of
compression bar in greenhouse wind vibration analysis
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Abstract Aiming at the problem of flexural vibration of compression bar in greenhouse wind vibration analysis,
differential equation for transverse flexural vibration of compression bar was designed according to fundamental
equations of compression bar considering its second-order effect and inertia force. Displacement vector expressed by
the basis function and the displacement coefficient for transverse flexural vibration of compression bar were also
achieved. Based on the displacement boundary condition, displacement coefficient expressed by nodal displacement
vector was obtained. Internal force equations of compression bar were established and then internal force at bar ends
expressed by nodal displacement vector was provided. Finally, total dynamic stiffness matrix colligating mass matrix,
geometry matrix and stiffness matrix was given. This method provided exact solution for the flexural vibration of
compression bar expressed in matrix and vector format, which was simple and useful. When use the interpolation
function unit model, dividing the unit more densely could improve the accuracy of the calculation, but there were still
errors. The results showed that the angular frequency of the transverse bending of compression bar obtained by the
study model was the exact solution,which was exactly the same as the theoretical solution obtained by the analytical
method.
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N; and N are axial loads at the node of compression bar, kN;
V; and V), are transverse loads at the node of compression bar, kN;
M, and M, are bending loads at the node of compression bar, kN * m;
v; and v are the deflections at the node,mm;v(x,t) is deflection at
x when it is £,mm;#; and §; are angular displacements at the node,

rad;/ is the length of compression bar, mm.
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Fig. 1 Coordinate definition of compression bar
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N is axial internal force of compression bar,kN;V(x,¢) is transverse internal force at  when it is #,kN;M(a,¢) is bending moment at

2 when it is £, kN * m; f,(x,2) and p(x,1) are inertia force and distributed force on unit length of compression bar, respectively,kN/m.
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Fig. 2 Forces on micro segment
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Table 1 The circular frequency of natural vibration of the compression bar under different axial compression
i} BT R % 1 N/kN Axial compression
Model Element number N=0 N=100 N=200 N=300
BB AE / (rad/s)
— 55.286 173 5 52.748 510 0 50.082 428 3 47.266 203 0
Theoretical value
A TR AR A AR/ (rad/s) . 55.286 173 5  52.748 510 0 50.082 428 3 47.266 203 0
This model AIXFiR 22/ % 0 0 0 0
A/ (rad/s) 61.363 116 8  59.602 593 4  57.788 460 6 55.915 500 6
L AT dE xR % ! 10. 991 7 12.993 9 15. 3868 18.299 1
Element model by T/ (rad/s) ) 55.504 382 4  52.976 198 7 50.321 152 6 47.517 983 6
Interpolation shape MR/ % 0.394 7 0.4317 0.476 8 0.5327
function T AAE / (rad/s) \ 55.300 529 3 52.558 737 7  49.665 656 6 46,593 111 7
HXTIR 2/ % 0.025 9 —0.359 8 —0.8320 —1.424 1
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