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Abstract: To meet the demand for optimizing long-term maintenance decisions in intelligent bridge
operation and maintenance, considering the characteristics of time-varying bridge deterioration under a
finite horizon, financial discounting of maintenance costs, and difficulty in long-term reward propaga-
tion, a life-cycle maintenance decision model incorporating non-homogeneous deterioration and discount-
ing effects was developed. The bridge deterioration process was characterized by non-homogeneous
Markov state transitions. Based on discrete health states and maintenance actions, maintenance costs
and risk costs were integrated into a unified cost function, while cash-flow discounting was introduced
into the decision-making process. To address the limitations of conventional reinforcement learning meth-
ods in handling finite-horizon stage-wise decision tasks, non-homogeneous state transitions, and
unstable training, a reinforcement learning framework combining state augmentation and backward cur-
riculum learning was proposed. Expanded state representation enhanced the policy’ s capability to cap-

ture finite-horizon characteristics, while backward curriculum learning gradually extended the training
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interval to improve learning stability and convergence efficiency. Numerical results demonstrated that the

proposed method effectively adapted to finite-horizon maintenance decision problems under non-

homogeneous bridge deterioration and achieved favorable performance in both policy quality and training

stability, thereby providing methodological support for maintenance planning in life-cycle bridge opera-

tion and maintenance management.
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Table 1 Main diagonal elements of the baseline
deterioration matrix for each bridge component

P Poo Py Pay Pss Pas Pss
Brmisiss)Z 081 0.90 0.91 0.94 0.99 1
Hok #4 0.91  0.90 0.86 0.94 0.93 1
AT 1 0.86  0.97 0.94 0.89 0.99 1
ST 2 0.86  0.96 0.95 0.92 0.91 1
SRR 1 0.87  0.95 0.94 0.92 0.99 1
AR iR 2 0.87 096 0.94 0.94 0.99 1
hEAFTIAR 0.87  0.96 0.94 0.91 0.99 1
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Fig.1 Schematic diagram of bridge transverse and

longitudinal sections
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Table 2 State transition matrices under maintenance actions

AR 1/MEIRZS e 4 4 1 AR 2 i A IR A e A5 1 AR 3 RAE IR S He 44 0 1 SR 4 T At RS B A4 0 1

0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5

0 0.99 0.01 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
1 0.03 0.95 0.02 0.00 0.00 0.00 0.50 0.45 0.05 0.00 0.00 0.00 0.90 0.10 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.03 095 0.02 0.00 0.00 0.00 0.50 0.45 0.05 0.00 0.00 0.70 0.20 0.10 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
3 0.00 0.00 0.03 0.95 0.02 0.00 0.00 0.00 0.50 0.45 0.05 0.00 0.50 0.30 0.20 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
4
5

0.00 0.00 0.00 0.03 0.95 0.02 0.00 0.00 0.00 0.50 0.45 0.05 0.40 0.30 0.20 0.10 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.90 0.10 0.40 0.30 0.20 0.10 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
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Fig.2 Schematic diagram of reinforcement learning
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