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Abstract: To achieve accurate assessment of the service status of bridge expansion joints based on
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long-term monitoring data, a analysis method for the longitudinal displacement monitoring data of
expansion joints was proposed based on an improved particle swarm optimization-Gaussian
mixture model (PSO-GMM) algorithm. The objective function of the Gaussian mixture model
(GMM) was improved through the introduction of a kernel density estimation (KDE) window
structure risk term. The particle swarm optimization (PSO) algorithm was utilized to obtain the
optimal parameters of the GMM under the condition that the improved objective function was
adopted as the fitness function. Subsequently, a probability density function was established.
The effectiveness of the improved PSO-GMM algorithm was verified using two types of simulated
datasets with and without noise. Taking the longitudinal displacement monitoring data of an
expansion joint in a cable-stayed bridge as an example, the improved PSO-GMM algorithm was
applied to establish the probability density function of the expansion joint’s longitudinal
displacement, and a method for evaluating its service status was proposed. The research results
show that the improved PSO-GMM algorithm effectively overcomes the problems of the
expectation-maximization (EM) algorithm in the traditional GMM, such as being prone to local
optima and insufficient in capturing local features, and enhances the fitting accuracy and
robustness of monitoring data. Compared with the kernel density estimation (KDE) method, the
improved PSO-GMM algorithm can accurately reflect the data distribution characteristics in terms
of both overall trends and local details when analyzing simulated datasets. For the statistical
analysis of longitudinal displacement monitoring data of expansion joints in cable-stayed bridges,
the probability density function fitted by this method exhibits higher accuracy than those obtained
by the KDE method and expectation maximization-Gaussian mixture model (EM-GMM) method.
The evaluation method for the service status of expansion joints established herein provides a
theoretical basis for maintenance decision-making. 1 tab, 8 figs, 38 refs.
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