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EVALUATION OF SOIL LIQUEFACTION
BY CONE PENETRATION TEST

By Toru SHIBATA

Synopsis

A review of field performance of sandy soil deposits during past earthquakes is conducted
with emphasis being placed on Static Cone Penetration Test g--values and fines content.
The field relationship between dynamic shear stress ratio and g,-values (g, normalized for
effective overburden pressure of 1,0 kgf/cm?) indicate that (1) sands containing more than
15% fines, or having smaller mean grain size than 0.25 mm, show much greater resistance
to liquefaction than clean sands which have the same g.-values, (2) extensive damage would
not occur for clean sands with g,-values greater than about 150 kgf/cm? On the basis of
these findings, an empirical relationship separating liquefiable and non-liquefiable conditions
is presented in terms of dynamic shear stress ratio, g.,-values, and fines content.
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Table 2 Earthquakes compiled by Tokimatsu and Yoshimi

Mino-Owari (1981, M=7.9), Kanto (1923, M=7.9), Tohnankai (1944, M=8.0),
Niigata (1964, M=T7.5), Tokachi-oki (1968, M=7.9),
Miyagiken-oki (1978, M=6.7, 7. 4), Chibaken-chubu (1980, M=6.1).

Fukui (1948, M=7.3),

Long Beach (1933, M=6.3), San Francisco(1957, M=5.5), Alaska (1964, M=8.3), San 7
Fernando (1971, M =6. 6), Guatemara (1976, M =7.5), Imperial Valley (1979, M =6, 6).
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Fig. 4 Variation of ¢,/N ratio with mean grain size
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Table 3  Coefficient C, in Eq. (3)
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Fig. 11 Example of measured gq,, estimated critical (g.)., and safety factor
(based on ¢, data from Nagai and Suzuki)
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Table 4 Tangshan earthquake (M=7.8, 1976)
Epicental water | pepth | % | % g | g Dy | Field | por
is. 4(km) (m) (m) (kgf/cm?) (kgf/cm?) |(kgf/cm,) | (mm) | Behavior
5.9 3.0 5.4 1.03 0.79 122 139.6 0.25 ] ¥p)
5.7 1.08 0.81 106 119.1 °
6.4 1.22 0.88 126 135.9 ®
6.9 1.31 0.92 100 104.9 °
7.3 1.39 0.96 120 123.1 ]
4.4 1.2 4.4 | 0.84 0,52 300 419.4 0.25 o 7
5.1 0.97 0.58 182 241.9 o
5.4 1,03 0,61 307 399.6 o
6.7 1.27 0.72 170 203.1 )
7.4 1.41 0,79 331 378.7 o
8.1 1.54 0.85 134 147.1 o
dc (kgf/cm?) Fg
0 50 100 150 200 2500 0.5 1.0 1.5
7 H (a) Tangshan (1976) [
A -~
7ED A =5,9m [
L/ { Liquefied
¢ v
7‘ .
0
dc (kgf/cm?) Fg
200 300 400 1.0 2.0 3.0
' ¥ ] T T T ]
(b) [ .
A =4.4 km . Non Lique.
~=~ ¥ CPT-qc
~---2
-
 Dniesall
>

-~

Example of measured g, estimated critical (g,)., and safety
factor (based on ¢. date from Zhou)
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