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Probabilistic evaluation of sand liquefaction potential
based on standard penetration test
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Abstract: Reasonable liquefaction assessment of construction sites is the basis of mitigating liquefaction
hazards. The current Chinese seismic design code evaluates the liquefaction potential by comparing the
critical value of standard penetration test blow count with the measured value. However, due to the
significant uncertainties associated with the process of establishing empirical liquefaction criteria, the

deterministic method is not an accurate measurement for evaluating the liquefaction potential. To solve this
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problem, the maximum likehood method is used to calibrate the parameters of four generalized linear
models based on the liquefaction case base of Chinese standard penetration test, and four probabilistic
evaluation models applied to China are established. The results show that the four generalized linear models
differ significantly when the liquefaction probability is small, and the prediction results of the four models
are similar when the liquefaction probability is between 30% and 70%. Comparison of the models shows
that the Log-log model fits the database best. The formulas for calculating the liquefaction probability and
the critical value of standard penetration test blow count under specified liquefaction probability based on
the Log-log model are provided. The results of verification analysis show that the overall judgment success
ratio of the proposed probabilistic evaluation model of liquefaction is higher than the current Chinese
seismic design code.

Keywords: standard penetration test; sand liquefaction; probabilistic evaluation; generalized linear models;

maximum likelihood method
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Table 1 Basic information of the liquefaction database

Hh P 1] B WAL EEBIRK IR ZES1EA
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W& 1966 7.2 7 0
T E] 1967 6.3 2 0
i 1969 7.4 3 0
FHYT. 1969 6.4 3 1
i 1970 7.8 18 14
I 1975 7.3 7 5
FE L 1976 7.8 55 37
At 98 61
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Table 2 Distribution range of the parameters in the

liquefaction database
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Fig. 1 The frequency distribution diagram of

cases with intensity
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Fig. 2 The frequency distribution diagram of

cases with soil depth
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Table 3 General linear models
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Table 4 Calibration and comparison of models
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Fig.3 Comparison of models under different liquefaction probabilities
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Table 5 The verification success ratio of the Chinese seismic design code and the Log-log model with 32% of

liquefaction probability under a different intensities
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1.3 FEERWEHHDE
FHE 159 AEOIFIERT 11 m EHIT
£ 11, 3 WA AL R0 BER T 15 m 1920

S 1. S TR, ) R U d <
9.15 miF Ay FRIKAAUA . R 6 431 T 3290 W b i
RPN RADTEA BT R EA R, R
6 FTLAFE L 3200 WAL AR T 93 (15) X F LR/
F 9. 15 m ARG T 9. 15 m 2051 4 i [ 34 i o 2
ILE 800 LA b AE— @ R L BB 10 (15) iyl §E
P Aid s i TASSCER BB R BRYE , 3015 7R HE TR
KT 15 m A G BE i 7 e — 2P SE , FEAR SR Y
R Je Gy A b U R U R AR R R s
FoHT o

R 6 32%MEETHI Log-log AL R [EI2R T B @ H AL Th 2

Table 6 The verification success ratio of the Log-log

model with 32% of liquefaction probability under different

soil depth ranges %
ds LG WAL S5 B[Rt
ds<<9.15m 86. 2 95.7 66. 7
ds=9.15 m 90. 5 100 87.5
JEYIN 86. 8 95.9 72.1
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Table 7 The relationship between the designed seismic

grouping and M,

Ve AR 432 B8 M,
N 0. 80 6. 76
24 0.95 7.36
o34 1. 05 7.76
5.1 32—

KI5 g5 T 1975 AR i R b AR )
bR BRI BRI A R R R
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PIF 2.6 m A% +352.6~20.0 m ¥+ R4,
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Fig. 5 Variation of N and N, with soil depth at the
Panjin Chemical Fertilizer Plant site during the 1975
Haicheng earthquake
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Table 8 Liquefaction evaluation results for the Panjin Chemical

Fertilizer Plant site during the 1975 Haicheng earthquake

IR /m N Ner PL/% AL B
3.5 6 10. 4 74.0 WAk
4.7 6 10. 8 76.3 i
6.0 6 11.0 77.7 WAk
7.3 13 11.2 13.8 A
8.3 8 11.2 64.8 i
9.6 9 11.3 56. 2 WAk

10. 6 11 11.3 35.3 WAk
11.6 10 11.3 46. 4 WAk
12.6 11 11.3 35.5 Wi
13.2 14 11.3 6.2 A
14.2 22 11.3 0.0 ENE
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Fig. 6 Variation of N and N,, with soil depth
at a site in Leting during the 1976 Tangshan earthquake
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