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Abstract: The problem of uncertainty and fuzziness of the mapping relationship between influen-
cing factors of sand liquefaction discrimination and sand state was discussed in this paper. Based
on the factor reduction of neighborhood rough set (NRS), a support vector machine (SVM) dis-
criminant model of sand liquefaction was constructed by using the improved sparrow search algo-

rithm (ISSA) with multi-strategy integration to optimize the parameters C and g. 42 groups of
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examples in Songyuan area, Jilin Province were taken as the overall sample set, including 35
groups as the training set and the other 7 groups as the test set, and nine influencing factors were
reduced to four factors by using the NRS. The ISSA-SVM model was then used for prediction,
and the sensitivity analysis of the four factors was carried out. The results show that factor reduc-
tion can eliminate redundant attributes and reduce the complexity of the model; ISSA algorithm
has strong exploration, convergence, and local escape ability. As compared to other models, the
NRS-ISSA-SVM discriminant model for sand liquefaction has higher accuracy and stronger gene-
ralization ability. To accurately distinguish the liquefaction state of sand, the four factors, i.e.,
the water level buried depth, the seismic intensity, the standard penetration number, and the
thickness of non-liquefied soil, need to be accurately identified, especially the first three factors.
The NRS-ISSA-SVM discriminant model for sand liquefaction proposed in this paper can not only
accurately judge the sand state of other unknown points in the area, but also provide reference for
other similar problems.

Keywords: sand liquefaction; prediction model; support vector machine (SVM); neighborhood

rough set; improved sparrow search algorithm with multi-strategy integration
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Table 1 Training samples
A T o BY bR T K e 12 WAL 2 Bk LR ENZE| 5= WAk

%5 i B/ /g W /m JEJE /m JEJE /m /% /mm S Mg FY
1 10 0.15 5.45 6.7 8.3 5.1 0.15 10.63 7 1
2 8 0.1 5.86 6.9 8.1 1.6 0.17 3 7 1
3 7 0.1 5.7 4.85 9.3 1.6 0.17 3 7 1
4 8 0.1 5.4 6.8 8.2 1.1 0.17 2.57 7 1
5 8 0.1 6 5.7 9 1.6 0.17 3 7 1
6 9 0.1 6 4.4 9 1.6 0.17 3 7 1
7 15 0.15 6.2 5.9 8.8 5.1 0.15 10.63 7 1
8 7 0.1 5.61 2.2 9.39 1.1 0.17 2.57 7 1
9 12 0.1 6 6.3 8.7 1.1 0.17 2.57 7 1
10 14 0.15 5.1 6.8 4.8 5.1 0.15 10.63 7 1
11 10 0.1 5.8 6.7 8.3 7.5 0.1 23.3 7 1
12 7 0.15 6 4.4 9 1.6 0.17 3 7 2
13 4.5 0.15 5.29 5.7 9.3 1.6 0.17 3 7 2
14 5 0.15 5.2 4.3 9.8 1.5 0.17 4.5 7 2
15 7 0.2 6.5 7 8 5.1 0.15 10.63 7 2
16 9.5 0.15 5.5 6.8 8.2 1.6 0.17 3 7 2
17 6 0.15 5.4 7 8 1.1 0.17 2.57 7 2
18 4.5 0.15 6 6 9 1.6 0.17 3 7 2
19 4.5 0.15 5.8 5.8 9.2 1.6 0.17 3 7 2
20 8 0.15 6 4.3 9 1.6 0.17 3 7 2
21 5 0.15 5.8 6.8 8.2 1.6 0.17 3 8 3
22 6 0.2 3.8 6.3 8.7 4.4 0.15 10.63 8 3
23 8 0.2 4.8 7.1 7.9 5.1 0.15 10.63 8 3
24 5 0.2 3.3 6.4 8.6 4.4 0.15 10.63 8 4
25 6 0.2 4 7 8 5.1 0.15 10.63 8 1
26 7 0.2 3.4 6.5 8.5 4.4 0.15 10.63 8 4
27 6 0.2 2.3 6.2 8.8 5.1 0.15 10.63 8 4
28 8 0.2 3.8 6.3 8.7 4.4 0.15 10.63 8 4
29 6 0.2 3.5 6.2 8.8 4.4 0.15 10.63 8 4
30 5 0.2 3 6.5 8.5 4.4 0.15 10.63 8 4
31 6 0.2 3.3 6.8 8.2 4.4 0.15 10.63 8 4
32 5 0.2 3.4 7 8 4.4 0.15 10.63 8 1
33 5 0.2 3.3 6.4 8.6 4.4 0.15 10.63 8 4
34 7 0.2 2.8 6.8 8.2 5.1 0.15 10.63 8 1
35 5 0.2 2.7 6.6 8.4 5.1 0.15 10.63 8 4

F2 WMER
Table 2 Predicting samples
+FE FRUEBEA MR i R K WAL -2 WAL kL it R ap A ¥ = WAL

9 R i08/ 4 /g MR /m JEJE/m JEJE /m /% /mm B AR B3
1 10 0.1 5.85 5.3 9.15 1.5 0.17 4.5 7 1
2 8 0.1 5.9 5.8 9.1 1.6 0.17 3 7 1
3 7 0.15 3.9 8.9 6.1 5.1 0.15 10.63 7 2
4 7 0.15 6.2 9.6 5.4 5.1 0.15 10.63 7 2
5 5 0.15 4.1 4 10.9 1.6 0.17 3 8 3
6 7 0.2 2.1 6 9 5.1 0.15 10.63 8 4
7 6 0.2 3 6.5 8.5 5.1 0.15 10.63 8 4
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Table 3 Average value and variance of influencing factors under different liquefaction states

WAL S5 G
PAISES 1 2 3 4

- {H R -1 {E & FHHE kS -1 {H I
bR YA 5L 9.818 7.564 6.222 3.194 6.333 2.333 5.917 0.992
b 72 o R 0.114 0.000 5 0.156 0.000 3 0.183 0.000 8 0.2 0.00
bR K HE R 5.7 0.106 5.7 0.181 4.8 1 3.2 0.222
e AL L2 R 5.7 2.09 5.7 1.288 6.7 0.163 6.6 0.081
WAL S R B 8.4 1.585 8.8 0.395 8.3 0.163 8.4 0.081
Fhokr i 2.955 5.213 1.922 1.447 3.7 3.43 4.633 0.119
R e 0.158 0.000 46 0.186 0.000 04 0.157 0.000 13 0.15 0.00
NS ER 6.809 42.769 3.967 6.53 8.087 19.406 10.63 0.00
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Table 4 Table of regression coefficients
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