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Static analysis of circular curved beam with free torsion
considering second-order moment effect

WANG Jiajia', DING Min', JIANG Xiugen'* , GUO Weitong'?, DENG Ting', WANG Hongzhi'
(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China;
2. Waterway Transportation Environmental Protection and Energy Saving Monitoring Center,

China Waterborne Transport Research Institute, Beijing 100088, China)

Abstract Aiming at the problem of the behavior of arch greenhouse structure under longitudinal wind load and out-plane
stability under roof load, a moment equilibrium equation of circular curved beam was established by taking large
displacement and second-order moment effect into account. Combined with other equilibrium equation, geometric
equation and physical equation, the deflection and torsion angle control equations of circular curved beam were
obtained, respectively. Then the geometric nonlinear displacement, deformation and internal force models including
coefficients of circular curved beam were received, and the calculation scheme for geometric nonlinear displacement and
internal force of circular curved beam were also gained. Because the deformation of circular curved beam was similar to
that of circular arch with out-plane buckling. On the above basis, the out-plane buckling of circular arch was analyzed
and the calculation method for critical load of circular arch with out-plane bifurcation buckling was built. The analysis
results showed that the geometric nonlinear static analysis model of circular curved beam by the study could be used to
calculate the nonlinear behavior of arch greenhouse structure and the out-plane bifurcation buckling.

Keywords circular curved beam; circular arch; second-order moment effect; geometric nonlinearity; static analysis
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x,y and z are axis directions of the curved beam, vertical
directions and radial directions; m,, m. are uniformly distributed
bending moment;gq, is uniformly distributed force; M. and T are out-

plane bending moment and total torque;V, is vertical shear force.
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Fig. 1 Coordinate of circular curved beam
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Ny is the axial force of the curved beam under uniformly
distributed radial load; dx,dv and df. are micro length of the curved
beam, increment of deflection and increment of angular displacements,
respectively.
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Fig. 2 Axial force breakdown diagram of the micro section
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Table 2 Support and boundary conditions of circular curved beam

SRS 0 i 2 e 3 BisZ H
Boundary condition Fixed support Clamped support Locked support Free end
v=0
ST 5 A P . v=10 v=0
Geometric boundary condition (91 0 0, =0 0. =0
k. =0
SR Sur - ILE
— k. = 0 k. =0 k. =0
Physical boundary condition
0

o N MR TN s w Al 20 50 RTS8 o 3l A = Bl A i 255 0. R0, 53 500 719 R58 o Sl A = Bl 9 5 5
V, A8 .
Note ;v is out-plane deflection of the curved beam; k. and k. are the curvature around x axis and z axis; . and

0. are angular displacements around z axis and z axis; V, is vertical shear force.
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Table 3 Characteristic equation and eigenvalue of circular arch with out-plane bifurcation buckling
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Characteristic equation
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ris the radius of the curved beam; f is the mid-span deflection
of the curved beam; g, and g. are uniformly distributed force of y and
2 ;3 Eis the elastic modulus of the material; I. is moment of inertia.
The same below.
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Fig. 3 The relationship between mid-span deflection and

vertical load under different uniformly distributed

radial loads
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beam varies with the radial load
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Fig.5 The relationship between mid-span

deflection and radial load
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