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Abstract: There are various liquefaction assessment methods empirically based on test data used both domestically
and internationally. Among them, the cone penetration test ( CPT) has become a common method due to its
inherent advantages. This paper elaborates on four commonly used CPT-based liquefaction assessment methods from

both domestic and international sources; the NCEER method, the Code for investigation of geotechnical engineering
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method, the Specification for geotechnical invesitgation in soft clay area method, and the General rules for
performance-based seismic design of buildings method. It compares the assessment results of these methods and
utilizes data-driven classification and regression tree ( CART) and random forest ( RF') algorithms to study and
analyze the importance of liquefaction influencing factors and the interplay among them. A new set of standards for
determining liquefaction occurrence was developed, showing that; The General Rules method proposed by YUAN
Xiaoming et al. is balanced with the highest accuracy for liquefaction assessment, achieving over 94% accuracy in
seismic intensity zones of 7, 8 and 9, which is higher than the NCEER method, and significantly better than the
Geotechnical Specification and Soft Soil Procedure methods. The NCEER method, though ranking second best,
tends to misclassify a large quantity of non-liquefaction data as liquefaction in deeper layers of intensity zone 9,
which is not consistent with reality. The performance of the Geotechnical Specification and Soft Soil Procedure
methods is the worst. The accuracies of the two machine learning methods are 97.6% and 97.5% respectively, with
the importance ranking of predictive variables being largely consistent. Factors such as relative density (D,) , soil
behavior type index (I,), fines content (FC), and cover thickness ( CT) have a significant impact on triggering
liquefaction, whereas peak ground acceleration ( PGA) , groundwater table (GWT) , and critical thickness of the
liquefiable layer ( CTL) have a lesser impact. The proposed new standards for liquefaction triggering are in line with
the impact trends of various influencing factors, providing references and support for the prediction and assessment
of liquefaction triggering.
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Fig.2 Distribution of liquefaction and non-liquefaction frequencies in different intensity zones
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Fig.3 Comparison of the results of the four methods under different intensities
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Fig.4  Correlation heatmap
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Fig.5 Importance degree of each predictive variable to liquefaction
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Table 7 Comparison of the liquefaction triggering discrimination results of CART and RF

(ER7S R 2 ( Accuracy ) /% B 1812 (Recall ) / % AE T (Precision) /% F1 154y AUC 18
CART 97.6 98.1 98.3 0.982 0.988
RHEHLARAR 97.5 96.7 99.6 0.981 0.998

MR LR EE SR T AR Y | DRSS AL AR AR B AT B 10 T 25
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Al 5 B BEAN B o DL 8, 120 1) o D)2 308 e A L 248 phe SREARE AR 15 81 3% 5 B 4 — AR AR T
il 7€ BARHE T T 73 S DR AN DL 6.,
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Table 8 Evaluation criteria for liquefaction triggering discrimination

TRAL A 2 PO bR
Witk 2 CT<18.43 m,PGA<0.19 g, H D, <20%It}

M CT<9.65 m,PGA>0.19 g, H. D, <41%MF
24 9.65 m<CT<18.43 m,PGA>0.31 g,D, <41% H. FC<9.17%}
24 9.65 m<CT<18.43 m,PGA>0.19 g,D, <32%, H FC>9.17%IH}
2 CT<18.43 m,41%<D, <42% H. FC<6.17%H}
Y CT<8.14%H. 42%<D, <46%f
W CT>8.14% ,PGA>0.52 g H 42%<D, <46%It}
M PGA>0.51 g H 46%<D, <47%M

e[ 2 CT<18.43 m,PGA<0.19 g, H 20%<D, <41%}
2 9.65 m<CT<18.43 m,0.19 g<PGA<0.31 g,D, <41%H FC<9.17%I}
24 9.65 m<CT<18.43 m,PGA>0.19 g,32%<D, <41% H FC<9.17%I}
2 CT<18.43 m,41%<D, <42%H. FC>6.17%H}
M CT>18.43 m H D, <4290}
Y CT>8.14 m,PGA<0.52 g H. 42%<D, <46%FH}
2 46%<D, <47% H. PGA<0.51 g i}
4 D, >47%F
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Fig. 6 Decision tree for liquefaction discrimination prediction classification
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Fig.7 Frequency distribution of each influencing factor in liquefied and non-liquefied data
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