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Abstract: Accurate prediction of subgrade settlement of expressways is of great significance to their disease prevention and
treatment. The previous prediction models for the subgrade settlement are mostly single models or simple improved models. A
PMIGM(1,1) prediction model based on the particle swarm optimization (PSO) and Markov optimization is proposed. Firstly,
based on the grey theory, an improved GM(1,1) prediction model is put forward. Then, according to the theory knowledge of
Markov chains, an MIGM(1, 1) model is built to correct the relative residuals of IGM(1, 1) model, which can reflect the
volatility characteristics of the data. Based on the principle of PSO, an optimization of PMIGM(1, 1) model is set up, which
crystallizes the parameters of grey interval. The forecasting model is applied to a high-fill subgrade of Baoshan-Shidian
Expressway in Yunnan Province. The analysis results show that the proposed model can improve the accuracy of the
forecasting model.
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Table 1 Predicted settlement values and error analysis of high-fill subgrade of Baoshan-Shidian Expressway by different prediction models

GM(1,1) GVM IGM(1,1) MIGM(1,1) PMIGM(1,1)
i Rtr X0 (k) (0 (0 (0 (0 (0
X (k) 2 X (k) 2 X (k) 2 X (k) 2 X (k) 2

8 H 17.6 17.6 — 17.6 — 17.60 — 17.67 — 17.57 —
9 H 17.1 17.51 2.38 17.04 033 1742 1.87 1725  0.89 17.18  0.47

20154 10 16.6 16.65 0.32 16.46 0.87 16.63 0.18 16.72  0.72 16.62  0.14
11 H 15.9 1584  0.38 15.84 036  15.81 0.57 1590  0.01 15.81 0.56
12 A 15.3 15.07 1.53 15.2 0.63 1523 046 1541 0.69 1539  0.57
1A 14.8 1433 3.18 14.54 1.73 1450  2.03 14.65 1 14.63 1.12
2 H 13.7 13.63  0.51 13.87 1.21 13.65 036  13.68  0.12 13.61 0.69
3H 13.1 1296  1.04 13.18 0.57  12.96 1.07  13.02 064 1294 121

20164 4 A 12.3 1233 0.25 12.48 142 1238  0.65 1238 0.65 12.31 0.07
5H 11.7 1173 0.24 11.77 0.61 11.76  0.51 11.78  0.64  11.71 0.07
6 H 10.9 11.16 235 11.07 1.54  11.03 1.19 1099 086 1095 043
7H 10.4 10.61 2.03 10.37 029  10.56 1.54 1046 054  10.41 0.12
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Fig. 2 Contrast of absolute errors by different prediction models
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Table 2 Predicted settlements of high-fill subgrade based on
PMIGM(1,1) model (mm)

HEl  2018-08 2018-09 2018-10 2018-11 2018-12 2019-01
FME  10.07  9.58  9.11 8.67 8.11 8.02
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