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Abstract: In this paper, a GPU-accelerated explicit nonlinear mode superposition method (ENMS) is proposed for
real-time computation of large-scale bridge structures with local nonlinearities, especially non-linear dampers. This
method treats the non-linear damping force as an external load, decouples linear equations of motion at each
discretized time step by using the mode superposition method, and solves them by using an explicit step-by-step
integration method. In this way, this method avoids the iterative solution to the equations of motion, and
significantly improves computational efficiency with the fast mode superposition method. In view of the decoupled
equations, a GPU is utilized to accelerate the computation, thereby further improving the computational efficiency.
Numerical simulation studies on a large-span cable-stayed bridge show the followings: For a large multi-degree-of-
freedom structure with local nonlinearities, this method can be used to conveniently and accurately solve dynamic
responses with the parameters exported from Midas Civil. For an exponential Maxwell model of viscous dampers, the
dichotomous method is able to accurately solve the damping force, providing a better solution to the problem of
modeling non-linear dampers. The GPU acceleration can significantly improve the computational efficiency of the

explicit non-linear mode superposition method.
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Table 3  Efficiency of GPU acceleration under different computing scales
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CPU 15 GPU Jini# it 5
F H AL
T/ms Ty /ms I L Ry, T/ms Ty /ms Jnsg Lk Ry,
500 3.3 1.8 1.8 45 0.8 5.6
1000 14.5 8.9 1.6 9.7 0.9 10.8
2000 93.0 35.7 2.6 43.5 2.0 21.8
3000 211.1 79.9 2.6 126.9 4.1 31.0
5000 693.5 211.4 3.3 552.5 10.1 54.7
7000 1951.6 406.0 4.8 1444.9 19.2 75.3
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Fig. 6 Computational efficiency of numerical models at different scales
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