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Table 2 Rockburst index data sheet

Fe H,/mm H,/d E,/(m +km™) E,/km’ E,/% S,/a S,/mm IR 25 2%
1 83.6 0. 20 22.40 11.50 3.70 30 28.02 i}
2 83.6 0.10 22.40 15.20 2.60 68 19. 41 v
3 85.6 0.22 22.40 28.50 5.20 68 42.50 m
4 85.3 0.23 116.52 1.03 3.70 55 34.75 Jii
5 76.9 0.05 116. 52 42.50 2.76 10 72. 65 I
56 85.3 0.03 116.52 19.62 1.00 13 36.78 Il
57 152. 4 0.04 22.40 0.18 20. 15 68 42.33 I
58 178.5 1.84 26.20 0. 88 4.80 64 55.28 I
59 178.5 2.28 26.20 0.29 4.90 54 33.69 \Y
60 219.2 1.85 43.22 65. 00 7.70 68 65.23 i}
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WAL /% KWE/% BRE/% F,_./ %
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WOA ~ SVM  86.67 88.57 86. 11 87.32
SSA -~ SVM  96. 67 97.30 96. 53 96. 91
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(2) ARSI SSA Bt SVM BERY | 15 5
B4 € =0.5659,g=5.190 7, F|fH SSA — SVM
HEEARAE ] PG 2 JBR V8 A DX A AT R A A XU 25 kA 7
TR, AARHERR By 96. 67% , 2 B A ] SSA 1ALy
SVM AR 2k fH Tk 9 XU 6: 56 0 19 0 L A 8 v 1 2
BEE, AT Sy v XU 9 Tk 1) 8L ¢ B 0 A5 B 42 LR 2
A

(3) KT I X 60 JAE AT R A R S E AR AR A SSA —
SVM #45 #0 HE 47 50 F, 75 B MERG B A F . o B
96. 67% F196.91% , BA &k 1= FA& 48 SVM FL% PSO —
SVM BRI WOA — SVM #:7Y  HI2R ] SSA — SNM
AT A7 IR PG R TR 1 DX A R AT T ¢ XU A5 % T
DA i % ST 30K B A7 1o 1t ¢ XU 255 5 AN R
IR fE RIS XU T HR A e 3 S 4
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Flood risk assessment method for railway bridges and culverts
based on SSA — SVM with random forest feature selection

JIN Chunling', GUO Rui', GONG Li'*, LU Haowei', YUAN Pengfei'

(1 School of Civil Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China;
2 Gansu Province Water Diversion and Transfer Engineering Industry Technology Center,

Gansu Minzu Normal University, Hezuo 747000, Gansu, China)

Abstract: With the construction of railroad lines in western China, the issue of flood risk for operating railroads has become increasingly
prominent. There is an urgent need to mitigate flood risks and enhance the efficiency of flood prevention and response strategies. This
paper conducts a flood risk assessment for railroad bridges and culverts located in the diffuse flow area of the Hexi Corridor. The
assessment employs the Sparrow Optimization Support Vector Machine Hybrid Algorithm (SSA —SVM). Initially, we identify 11 factors
influencing flash flooding from three perspectives: disaster-causing factors, the disaster-containing environment, and the disaster-
carrying infrastructure (bridges and culverts). Subsequently, we utilize the Random Forest (RF) algorithm to rank these factors by
importance, selecting the seven most significant influencing factors as model features. The SSA algorithm was then employed to optimize
the parameters of the Support Vector Machine (SVM) model, resulting in the establishment of a comprehensive risk assessment model
based on the Sparrow Search Algorithm. To evaluate the performance of the SSA —SVM model, we compared it against traditional SVM,
Particle Swarm Optimization (PSO) optimized SVM, and Whale Optimization Algorithm ( WOA) optimized SVM models using four key
indicators: Accuracy, Precision, Recall, and F, __ .. The results indicate that the important features identified from the Random Forest
model screening include critical rainfall (S, ), service life (S,), river network density (E, ), rainstorm days (H,), catchment area

of the SSA —

score

(E;), annual average precipitation (H, ), and slope (E,) within the 1-hour rainstorm model. The accuracy and F, _
SVM flood risk assessment model for the verification set are 96. 67% and 96. 91% , respectively. These figures represent improvements
of 3 percentage points, 13. 34 percentage points, and 10 percentage points over the combined algorithm models of SVM, PSO — SVM,
and WOA —SVM, respectively, thereby confirming the efficacy of the proposed method. This study not only enhances the comprehensive
assessment efficiency of flood risks for railway bridges and culverts but also provides valuable decision-making support for similar flash
flood risk assessments.

Key words: safety engineering; railway bridges and culverts; flash floods; risk evaluation; random forests; the sparrow search

algorithm optimized support vector machine model
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