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Abstract

As surrogate models for response simulations, physics-informed neural networks (PINNS) are expected to replace
computationally expensive time-history analysis and achieve rapid prediction of dynamic responses of nonlinear
systems. In existing PINN models, the global equation of motion of the nonlinear system is directly incorporated
into the loss function, requiring the networks to learn the global dynamic behaviour of the system. As a result,
network training becomes challenging, which hinders the application of PINNs to complex nonlinear systems.
Guided by the decoupling strategy of linear and nonlinear mechanisms, an explicit physics-informed neural
network (E-PINN) is proposed to address the challenges arising from the network learning of the coupled physical
mechanisms of nonlinear systems. A lightweight TCN-LSTM module is trained to capture the nonlinear evolution
mechanism of specific energy-dissipating devices, while a structured convolutional layer (SCL) module is
utilized to explicitly reflect the linear evolution mechanism of the primary structure. Only the weights and biases
in the TCN-LSTM module need to be optimized through the loss function focusing on the nonlinear restoring
forces, whereas the weights in the SCL module are extracted from the explicit convolutional formulation of
dynamic responses without requiring any training, leading to overall highly efficient network training and high-
accuracy response prediction. A suspension bridge with nonlinear viscous dampers and a cable-stayed bridge
with hysteretic isolators are investigated to demonstrate the performance of the proposed E-PINN in nonlinear
dynamic response prediction.
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