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Abstract: To accurately predict bridge performance degradation, the inherent data randomness and the subtle
perturbations leading to state transitions were considered. A combined prediction method for the bridge per-
formance degradation based on the D-S theory and the Markov chain, and the performance degradation rate

concept, were proposed. In this model, the exponential smoothing ( ES) methodology was employed as the ba-
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sis for generating new sequences of predictive data. It was continuously optimized through the utilization of the
Markov chains and the Dempster-Shafer ( D-S) evidence theory. The combined prediction of bridge performance
degradation was achieved. The application results from practical engineering show that, the performance degra-

dation rate serves as an intuitive indicator of the speed at which the bridge performance degrades. Subsequent-
ly, the combined model demonstrates an average relative error of 1.54% , improves by 1.11% , 0.88% , and 2.8%
in accuracy, respectively in comparison with other models of the regression, the grey system, and the fuzzy
weighted Markov chain. Additionally, the calculated posterior difference ratio is 0.242, well below the established
es’ structural performance degradation.

threshold of 0.35. In terms of stability, the standard deviation of the model is 9.021, reduces by 3.978, 3.405 and

0 5l

— .

7.500, respectively compared with those of the other 3 models. The coefficient of variation is 0.109, indicating a
Key words: bridge engineering; performance degradation prediction; D-S evidence theory; Markov chain;
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significant reduction in comparison to those of the other models. The combined prediction model, with verified
accuracy and stability, establishes a theoretical foundation for prediction and maintenance of in-service bridg-

combination prediction model; bridge performance degradation rate
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Table 1  Prediction model accuracy levels
accuracy class average relative error A posterior difference ratio C
class 1 0.01 C <0.35
class 2 0.05 0.35 < € < 0.50
class 3 0.10 0.50 < C < 0.60
class 4 0.20 C > 0.65
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Fig. 1 The combination prediction process of bridge performance degradation based on the D-S theory and the Markov chain
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Table 2 Prediction of bridge technical conditions based on the ES method

age m /a scores s s s a, b, Ch prediction  relative error R /%

1 100 100 100 100 100 0 0 100 0

2 98.1 99.088 0 99.562 2 99.789 9 98.367 2 -0.998 1 -0.105 1 100.00 1.94
3 96.5 97.845 8 98.738 3 99.285 1 96.607 4 -1.6096  -0.1473 97.264 0.79
4 95.8 96.863 8 97.838 6 98.590 8 95.666 5 -1.4054  -0.0948 94.851 -0.99
5 95.2 96.065 2 96.987 3 97.821 1 95.054 6 -1.0520  -0.0376 94.166 -1.09
6 94.3 95.217 9 96.138 0 97.013 2 94.252 9 -0.951 3 -0.019 1 93.965 -0.36
7 93.4 94.345 3 95.277 5 96.180 1 93.383 5 -0.9278  -0.0126 93.282 -0.13
8 92.1 93.267 6 943127 95.283 8 92.148 2 -1.133 3 -0.031 6 92.443 0.37
9 90.4 91.891 1 93.150 4 94.259 7 90.482 0 -15029  -0.0638 90.983 0.65
10 89.3 90.647 4 91.948 9 93.150 5 89.245 9 -1.428 5 -0.042 6 88.915 -0.43
11 88.1 89.424 6 90.737 3 91.992 2 88.054 3 -2.0137  -0.024 6 87.775 -0.37
12 87.8 88.644 8 89.732 9 90.907 7 87.643 5 -0.807 3 0.037 0 86.016 -2.03
13 86.6 87.663 3 88.739 5 89.867 0 86.638 4 -0.876 9 0.021 9 86.873 0.32
14 85.4 86.576 9 87.701 5 88.827 5 85.453 9 -1.034 6 0.000 7 85.783 0.45
15 84.6 85.628 0 86.706 2 87.809 3 84.574 7 -0.938 7 0.010 6 84.420 -0.21
16 82.8 - - - - - - 83.647 1.02
17 81.1 - - - - - - 82.740 2.02
18 80.2 - - - - - - 81.854 2.06
19 79.1 - - - - - - 80.990 2.39
20 78.0 - - - - - - 80.146 2.75

K 3 Rt 2 sR B 1T 4R L B 5 00 A28 Ak, 101 2% R I S 3 R R0/, 2880k 2 IR 3R K. 2 | 3 25
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Fig. 4 The state collection
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Table 3 Basic probabilities
serial number 1 2 3 4 5 6 7 8
relative error R /% 0 1.94 0.79 -0.99 -1.09 -0.36 -0.13 0.37
fla) 0 0 0 0 0 0 0 0
f(ab) 0 0 0 0 0.18 0 0 0
F(b) 1 0 0 1 0.82 1 1 0.26
F(be) 0 0 0.42 0 0 0 0 0.74
flo) 0 1 0.58 0 0 0 0 0
serial number 9 10 11 12 13 14 15
relative error R /% 0.65 -0.43 -0.37 -2.03 0.32 0.45 -0.21
Sla) 0 0 0 1 0 0 0
flab) 0 0 0 0 0 0 0
F(b) 0 1 1 0 0.36 0.1 1
F(be) 0.7 0 0 0 0.64 0.9 0
o) 0.3 0 0 0 0 0 0
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