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Abstract: In order to simulate the nonlinear behavior of external prestressed tendons accurately, the nonlinear FEM and
its algorithm of external prestressed tendons are studied by theoretical deduction and program development. Firstly, the
nonlinear external prestressing element research method is established based on the characteristic that the external
prestressing tendon is a constant strain member in the whole length due to the free sliding between the external
prestressing tendon and the steering block. Secondly, the expression of strain differential and displacement matrix
differential of plane beam element is obtained based on the variational method, and the concrete nonlinear tangential
stiffness matrix of this type of external prestressed reinforcement is derived by using the principle of virtual work in the
structural coordinate system. Then, a nonlinear analysis method and calculation program for external prestressed beams
are proposed based on the conventional planar linear elastic beam elements. Finally, 2 examples of simply supported

external prestressed beams are numerically analyzed. Example 1 is compared with the proposed method, ABAQUS
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software and static load test, and example 2 is compared with linear and nonlinear. The result shows that (1) in

example 1, the calculated values obtained with the 2 methods are in good agreement with the measured values, and

comparatively speaking, the FEM established with the former method is simpler and can reflect the stress characteristics

of external prestressed tendons more accurately; (2) in example 2, the stress behavior of the external prestressed beam

is easy to show nonlinear characteristics, and the nonlinear has a greater impact on the axial force ratio of the external

reinforcement to the displacement of the joint, so it is necessary to consider nonlinear characteristics in the stress

analysis of the external prestressed structure.

Key words: bridge engineering; nonlinear FEM; iterative algorithm; external prestressed tendon; multiple segments
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