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Shear wave velocity and peak ground acceleration based deterministic and
probabilistic assessment of seismic soil liquefaction potential
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Abstract: As a fundamental parameter of soil, the shear wave velocity (denoted Vs)offers a means to determine the seismic

based
assessment method of soil liquefaction potential is reviewed. The basic principle to determine liquefaction triggering curve is given.

resistance of soil to liquefaction. The historical developments of Vs and peak ground acceleration (denoted PGA)

The corresponding liquefaction triggering curve is proposed based on the database used by Kayen, Andrus, Saygili and Chu for a
total of 49 earthquakes, 618 case histories. The position of liquefaction triggering curve is verified with respect to various factors
based on the case history database, such as fines content, overburden stress and magnitude scales. In addition, the sensitivity of the
database’s interpretation to a number of aspects and components of the analysis framework is examined, such as the shear stress
reduction factor that accounts for the dynamic response of the soil profile, the magnitude scaling factor, the overburden correction
factor for cyclic stress ratio. And the results show these factors have slight effects on the position of the proposed liquefaction
triggering curve. At last, the relationship between nominal safety factor and probability of liquefaction as well as the probabilistic
contours for the proposed liquefaction triggering curve are given based on Monte Carlo simulation, the weighted maximum
likelihood method and weighted empirical probability data. The soil liquefaction triggering curves are proposed for the seismic
design category I . II and III of the structure, system and component of nuclear power plants, respectively. The presented
assessment is provided with wide application prospects.

Keywords: the soil site of nuclear power plants; soil liquefaction assessment; deterministic assessment; probability assessment;
liquefaction triggering curve; shear wave velocity; peak ground acceleration
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Table 1 Information of the repetitive data
in Andrus and Kayen databases

y I i) W Ak
o r s M N N
/A Rk mhkE
1 Niigata HijE 1964 3 1
2 Haicheng }i7% 1975 5 1
Kayen 3 Imperial Calley 1% 1979 4 7
4 Mid-Chiba Hh 5= 1980 0 2
5 Westmorland Hb 75 1981 6 5
1 Borah Peak Hh 5= 1983 15 3
2 Elmore Ranch Jh % 1987 0 11
Andrus
Chiba-Toho-Oki 7= 1987 0 1
4 Superstition Hills 7% 1987 3 8

xR2

BIUT BRI AL S A B

Table 2 Basic information of liquefaction data
from Vs case history database

, - (1 . 2 S A 7. 7 A
! LVEE S /o 4 . ORI

1 San Francisco 1906 7.7 9 AKn:;:s :j;g’
2 Fukul 1948 7.1 10 1 Kayen 2™
3 Daly City 1957 53 0 5 Andrus %5
4 Niigata 1964 75 6 3 Kayen %M
5 Tokachi Oki 1968 7.9 5 0  Kayen %M
6 Miyagi Ken Oki 1973 7.4 10 1 Kayen 254!
7 Haicheng 1975 7.1 5 1 Kayen zcld]
8 Tangshan 1976 8 16 8  Kayen %
9  MiyagiKenOki 1978 6.7 2 6  Kayen %M
10 Omperial Valley 1979 6.5 4 7 Kayen %™
11 Mid Chiba 1980 59 0 2 Kayen %
12 Westmorland 1981 5.9 6 5 Kayen 254!
13 Nihonkai Chubu 1983 7.7 8 0  Kayen %M
14 Nihonkai-Chubu 7% 1983 7 2 0  Kayen %M
15 Bora Peak 1983 6.9 20 4 Kayen 254!
16 Chiba Ibaaragi 1985 6 0 2 Andrus 2P
17 Taiwan(event Lsst2) 1985 5.3 0 4 Andrus %!
18 Taiwan(event Lsst3) 1985 5.5 0 4 Andrus %!
19  Taiwan(event Lsst4) 1985 6.6 0 4 Andrus %
20 Taiwan(event Lsst6) 1985 5.4 0 4 Andrus %P
21 Taiwan(event Lsst7) 1985 6.6 0 4 Andrus %!
22  Taiwan(event Lsst8) 1985 6.2 0 4 Andrus 2
23 Taiwan(event Lsst12) 1985 6.2 0 4 Andrus %P
24 Taiwan(event Lsst13) 1985 6.2 0 4 Andrus %P
25 Taiwan(event Lsst16) 1985 7.6 0 4 Andrus 25!
26 Lotung LSST 1986 6.6 0 5 Andrus %0
27 Lotung LSST 1986 6 0 1 Andrus 25
28 Chiba Ibaragi Kenkyo 1986 6 0 2 Kayen %M
29 ChibaTohoOki 1987 6.5 0 1 Kayen %M
30 Superstition Hills 1987 6.5 3 8  Kayen %
31 Elmore Ranch 1987 5.9 0 11 Kayen 254!
32 LomaPrieta 1989 7 75 51 A;:;:j :::E
33 Kushior 1993 7.6/83 10 0 A;:;:j :::E
34 hokkaido Nansei Oki 1993 7.7/83 27 4 A;:;:j :ﬁi
35 Northridge 1994 6.7 3 0  Andrus %
Andrus %),
36 Hyogo Nambu 1995 7 78 26 Kayen 214

Chu %%,

37 Chi Chi 1999 7.6 40 16 Saygili,
Kayen 254!

Saygili,
38 Tukey 1999 74 8 5 Kaygf ot
39 Tottori Seibu 2000 6.8 3 0  Kayen %M
40  Geiyo Hiroshima 2001 6.8 5 0 Kayen 254!
41 Denali Fault 2002 7.9 3 5 Kayen 2"
42 Denali Fault 2002 7 1 0  Kayen ™
43 Sanriku Minami 2003 7 2 9 Kayen %M
44 Tokachi Oki 2003 7.8 3 3 Kayen %M
45 Tokachi Oki &% 2003 7.1 0 1 Kayen 21
46 Niigata Chuetsu Oki 2007 6.6 2 0  Kayen 2™
47 Achaia-Elia 2008 6.5 2 0  Kayen %M
48 Tohoku 2011 9 2 0  Kayen &5
49 Tohoku 427% 2011 7.4 10 0 Kayen 2]
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Table 3 Different My between Idriss” and Kayen!* et al database
Bl 0 Fukui Niigata  Tokachi Oki Haicheng Tangshan Miyagi Ken Oki Nihinkai-Chubu 4% Loma Prieta Hyogo Nambu
i
Yo (1948)  (1964) (1968) (1975) (1976) (1978) (1983) (1989) (1995)
Idriss 45 7.0 7.6 7.5 7.0 7.6 6.5 6.8 6.93 6.9
Kayen 7.1 7.5 7.9 7.1 8.0 6.7 7.0 7.00 7.0
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