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Abstract: Soft rock within embankments is prone to continuous particle breakage, migration, and
rearrangement due to rain infiltration and traffic loads, leading to uneven subsidence. subsidence deformation is a
key indicator of embankment stability and safety, making accurate prediction essential for preventing road defects
and instability. However, traditional single prediction models often lack generalizability and are not suitable for
varying conditions in embankment engineering. This study collected and analyzed subsidence data from 18 soft rock
embankments in highways and railways, which exhibited distinct subsidence patterns, including wave-like, broken
line, and parabolic trends. Based on these data, using the Stacked Generalization (SG) ensemble algorithm, an SG
fusion model predicting soft rock embankment subsidence was developed combining the prediction models from three
different fields. The model avoided the hyperparameter tuning process, allowing for direct application in engineering
practices. Besides, a Blocked K-Fold training strategy was employed to improve robustness. In comparison with
traditional models, under conditions of limited monitoring data, the SG fusion model demonstrated significantly
lower error rates and higher prediction accuracy across various projects. The findings suggest that the SG model is
more applicable and robust for predicting soft rock embankment subsidence. This research provides theoretical and
technical support for evaluating the service performance and post—construction maintenance of soft rock
embankments.
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Tab.1 Information and subsidence data of 18 soft rock embankment engineering
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Fig.1 Subsidence curve trends of soft rock embankment
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Fig.5 Predicted results of soft rock embankment subsidence using the SG fusion model
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Tab.3 Comparison of evaluation metrics for prediction errors in the test sets

N - MAE RMSE MAPE
W REAR INEEA WM REA INEEA WA IV
SG 0.530 1.658 0.671 1.847 0.545% 1.682%
pediiEss 13.664 12.789 13.707 12.806 13.878% 12.949%
5T PR DGM(2,1) 4.656 4.063 4.734 4.160 4.746% 4.142%
BP #1258 [ 2% 2.500 5.541 3.115 5.607 2.477% 5.586%
LSTM 0.927 2.071 1.346 2.172 0.835% 1.745%
SG 0.658 0.698 0.804 0.870 0.843% 0.896%
X2 16.403 15.521 16.540 15.746 20.897% 19.847%
o5 1 2SR A DGM(2,1) 13.871 12.898 14.137 13.334 17.623% 16.416%
BP #2545 2.664 4.403 3.205 5.497 3.337% 5.483%
LSTM 0.631 1.065 0.725 1.505 0.800% 1.430%
SG 0.611 1.054 0.755 1.284 1.059% 1.815%
PygiiiEe 18.123 16.371 18.139 16.403 31.606% 28.457%
S5 T Dk IR Y DGM(2,1) 6.440 6.415 7.448 7.435 11.408% 11.334%
BP i 22 [ 2% 0.716 3.157 1.052 3.254 1.263% 5.470%
LSTM 1.298 2212 1.328 2.299 2.255% 3.823%
SG 0.006 — 0.008 — 0.035% —
Xtk 0.375 — 0.380 — 2.245% —
Preksy DGM(2,1) 0.091 — 0.093 — 0.547% —
BP i1 25 o 4% 0.041 — 0.049 — 0.245% —
LSTM 0.178 — 0.180 — 1.067% —
SG 0.060 — 0.066 — 0.415% —
PG 1.160 — 1.194 — 8.058% —
Lk DGM(2,1) 0.351 — 0.361 — 2.439% —
BP i1 45 [ 4% 0.551 — 0.569 — 3.828% —

LSTM 0.140 — 0.142 — 0.973% —
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