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Abstract: According to the shortage of tangent stiffness matrix asymmetry of nonlinear plane

beam element by using co-rotational method in former studies, researches were carried out to
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reasonably select the origin and coordinate axis direction of the plane beam element co-rotation
coordinate system. Firstly, the origin was set at the average value point of the left and right
element node coordinates, and the x-axis was always in the connecting direction from the left
node to the right. The coordinate system moved with the rigid body rotation and translation of
the node, and the element node coordinates and displacement were calculated on the basis of
deducting the element rigid displacement. Secondly, based on the principle of equal virtual work
in structural coordinate system and co-rotating coordinate system as well as the principle of
geometric consistency, the symmetrical tangent stiffness matrix and the node resistance algorithm
of plane beam elements under the condition of large rotation and small strain were established.
Combined with the solution method of nonlinear equations which unifies the load increment
method and displacement increment method, the corresponding calculation program was
developed. The cantilever beam and William’s toggle frame with bending moment at the beam end
were calculated and compared. The results show that for the former example, the beam is divided

The

numerical solution obtained is in good agreement with the analytical solution and the difference

into 20 elements, and load increment method is adopted by 10 uniform loading levels.

between the two is less than 0. 0001, which can be negligible even when the cantilever beam is
bent into a circle. As for the latter example, each frame member is homogeneously divided into 10
elements. The extreme point of load-displacement curve can be successfully passed through after
transforming the solution method of nonlinear equations to displacement increment method and
the calculated value is basically consistent with William’s test. The research results can provide a
powerful tool for the nonlinear analysis of plane beam structures. 9 figs, 24 refs.

Key words: bridge engineering; plane beam element; co-rotational method; geometric nonlineari-

ty; symmetric tangent stiffness matrix; virtual work principle
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