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Prediction method of seismic-induced sand liquefaction
based on the Gauss Process classification

ZHAO Guoyan, XU Zhiwei, LIU Jian
(School of Resources and Safety Engineering, Ceniral South University, Changsha, Hunan 410083, China)

Abstract; Many researches reveal that the data used in most present prediction models of sand liquefaction are
simple and less. Three databases from SPT, VS, and CPT sites with numbers of 620, 185 and 226 ,
respectively, were used in this paper. The numbers and types of influence factors in the three databases were
different from each other. A total number of 9 models were compared with the Gauss Process Classification
(GPC) model, as following: FDA, DDA, BDA, MLR, ELM, LSSVM, SVM, CART and ANN. The
research results showed that the GPC model was accurate for the liquefaction of all databases, with accuracy
rates of 0. 869 1, 0.910 1 and 0.940 1, respectively. Moreover, the prediction accuracy and robustness of
GPC modle were significantly better than the other models. It concluded that the GPC model had a very strong
adaptability to the prediction of sand liquefaction from the wide and representative data sources.
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Fig.1 The graphical representation of GPC in the discriminative framework
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Table 1 Discriminant results of the forecast sample NO. 1

AL i Hli 14 18 9 Fe/MA -2 {E LREDA U5 # KA
a D + Z IR/ m 0. 80 7.66 6.70 4.89 19. 80
b (N oo P o B i 8 1. 00 14. 48 11. 00 11.38 75. 00
¢ F<75 pm Bk R/ % 1.00 62.99 74. 50 34.25 100. 00
d d, R KA/ m 0.35 1.45 1.10 1.20 10. 00
e T U i S J)/kPa 12.10 144. 60 121. 60 98. 12 408. 90
f o' B 0] 47 &40V J) /kPa 7.50 82. 48 68. 15 52. 80 233.70
g a T R W g 0. 00 0. 07 0. 06 0. 07 0.85
h T/ 0 B R 3 5 1 1h) A5 R8T b 0.12 0.37 0.39 0.15 0.77
i v, B/ (mes ") 37.00 166. 98 155. 00 67.03 500. 00
i ¢’ N EESE A/ (°) 23. 46 31.96 31.41 4.84 52.08
k M, L2 RE 7. 40 7.49 7.40 0.10 7. 60
1 Qs i 3 7K - W {F i ok 0.18 0.38 0. 40 0.15 0.67
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Table 2 Discriminant results of the forecast sample NO. 2

AL i i 14 158 A Fe/MA A LAEIVRS U5 2 ISP
a D 1R HE/m 2.00 5.30 4.50 2.34 14. 80
b o, 1 i S H)/kPa 38.40 94.77 85. 40 40.37 251. 60
¢ a, U 5] A5 %N 1 /kPa 27. 80 64. 60 55.48 29.78 140. 80
d sc £ 250 1.00 2.37 2.00 0. 89 4.00
e V., B/ (mes ") 79. 00 141. 61 133. 00 30. 90 274. 00
f @ ax b 3% 7K S U Jin i E g 0.02 0.21 0.18 0.12 0.51
g My Hh 7 7 G 5.90 6.82 7.10 0.53 8.30
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Table 3 Discriminant results of the forecast sample NO. 3

AL S 5 i A 15 1A f/MA T E R L b RAMH
a q, HELSFH 1/ MPa 0.90 5.82 4.90 4.08 25.00
b R, CPT BEHE ./ % 0. 10 1.22 0.90 1.05 5.20
c o', R 5] 45 %4 N 7 /kPa 22.50 74.65 62. 80 34.32 215.20
d o, 1 i) S H)/kPa 26. 60 106. 89 90. 30 55.24 274. 00
e A b 2 7K - U i 53 ¢ 0. 08 0.29 0.25 0.14 0. 80
f M, Hh 7R R 6.00 6.95 7.10 0.44 7. 60
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Fig.2 The mutual information of the influence factors of soil liquefaction
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Table 4 Test results

BARE Gt R FDA DDA BDA MLR ELM LSSVM SVM GPC CART ANN Py
SEH(E 0.7418  0.7502  0.7824  0.7438  0.7231 0.7452 0.8300 0.8691 0.8056 0.784 3 0.777 6
FREZ 0.0330  0.0380 0.0344 0.0352 0.0394 0.0382 0.0315 0.0289 0.0357 0.0551
- SEYI 0.7714  0.7676  0.8097 0.7835 0.7712 0.7691 0.8045 0.9101 0.8328 0.7799 0,800 0
- FRfEZE 0.0621  0.0613 0.0602 0.0601 0.0597 0.0736 0.0607 0.0489 0.0636 0.0820
_ SEHE 0.8803  0.8253  0.8813  0.8898  0.8842 0.8111 0.9250 0.9401 0.8456  0.914 1 0.879 7
’ FRfE2Z  0.0456  0.0592 0.0464 0.0441 0.0495 0.0521 0.0359 0.0349 0.0486 0.0437
Py 0.7978 0.7810 0.8245 0.8057 0.7928 0.7751 0.8532 0.9064 0.8280  0.826 1
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Fig. 3 Illustration of the calculation procedure
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Fig. 4 The boxplots of prediction accuracy of the test samples
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