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Abstract: Soil liquefaction is a major concern for structures constructed with or on sandy soils. This paper describes
the phenomena of soil liquefaction, reviews suitable definitions, and provides an update on methods to evaluate cyclic
liquefaction using the cone penetration test (CPT). A method is described to estimate grain characteristics directly from
the CPT and to incorporate this into one of the methods for evaluating resistance to cyclic loading. A worked example
is also provided, illustrating how the continuous nature of the CPT can provide a good evaluation of cyclic liquefaction
potential, on an overall profile basis. This paper forms part of the final submission by the authors to the proceedings
of the 1996 National Center for Earthquake Engineering Research workshop on evaluation of liquefaction resistance of
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Cyclic resistance based on laboratory when evaluation of the potential for soil liqueTaction due to
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be given to a limited amount of appropriate laboratory tests

Much of the early work related to earthquake-induced soil qn on high-quality _undisturbed “Samples. Recently, in situ u
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triaxial, cyclic simple shear, or cyclic torsional tests. The i ?9982??-%1022:2;(1‘2??11 9‘3 SalHlo%Z:anlxg?gQ’;)ggéy csl?cg(;i?rtl ;ile:
?xggﬁecoifﬁefgazti?g?: i?:;any dc——ngf;ﬁeg él;a:hzmlg; shea.r tests are generally the most appropriate tests, although
the soil (i)g void ratio eﬁctlve W fining stresses, and soil cyclic triaxial tests can also give reasonable results.
structure) and the intensity and duration of the cyclic load-

Ing (i.e., cyclic shear stress and number of cycles), as well

as the grain characteristics of the soil. Soil structure incorpo- Cyclic resistance based on field testing
rates features S“Chww The above comments have shown that testing high-quality
- - - - : undisturbed samples will give better results than testing poor
: ] ) . . . . quality samples. However, obtaining high-quality undis-

Although void ratio (relative density) has been recognized T_E__M__f?"___
as a dominant Tactor influencing the CRR of sands, studies tel;rb::si?énggsci ng?llra:;dcs:rlie}cli So‘z:s f:;s_ '?l-’er)'-.d.l.-!-,‘:-"-lt atpd
by Ladd (1974), Mulilis et al. (1977), and Tatsuoka et al. -k;L'th_h y : ut 1or w or
1986) have clearly shown that sample preparanon (re., soil which the consequences.of liquefaction may result 1n large
gabric) also plays }z’m important Tole Tl"llis is consistent with costs. Therefore, there will always be a need for simple, eco-

T Tesuits of monotonic tests at small to intermediate strain n:g?cculgﬁ)ce?“ris for istxma}mg thed A o 'Slan y soils,
levels. Hence, if results are to be directly applied with any sta os of h); h‘z;ia‘(ﬂv_'_f_lf_tzws and the initial screening
confidence, it is important to conduct cyclic laboratoq tests g projects.. _
5n reconstituted samples with a structure similar to that in g
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situ. Unfortunately, it is very difficult to determine the in fﬁ?-?;ﬂl:‘ltg:xpenenc‘e. The ;nc?tmﬁs}gg_\/gmeasurgrr.lem for
i fabric of novural SES BeTow e WREr T A afe- || | U1, CPT can vary somowhat depending on speciic CPT
sult, there Is often some uncertainty in the evaluation of sleeve and. h ____r_xcg .Et%‘,.s etween the cone and the
CRR based on laboratory testing of reconstituted samples, —1 sleeve and, hence, can be subject to some uncertainty. The
although, as suggested by Tokimatsu and Hosaka (1986), ei-
ther the small strain shear modulus or shear wave velocity
measurements could be used to improve the value of labora-
tory testing on reconstituted samples of sand. Therefore,

there has been increasing interest in testing high-quality un- For low-risk. small-scale projects, the potential for cyclic
disturbed samples of sandy soils under conditions represen- 2 'quefmm“

tative of those in situ. Yoshimi et al. (1989) showed that —

aging and fabric had a signiticant miluence on the CRR of -T e T, . o
cfean sand trom Niigatd. Yoshimi et al. (1994) also showed ~ For medium- to high-risk projects, the CPT can be useful
that sand sample+s obtamed using ¢ i ioh-quali " for providing a prel estimate of liquefaction potential
fixed piston samplers produced diﬁerent Eﬂ vﬁi]ues %an in sandy S°ils~% projects, ;ﬂd in lcaSFS where
T,'-Ef-a"f%ﬂ T oIz 10 SITU ! ~ i i i in the geologic region,
those of undisturbed samples obfamned using in_situ_ground there is no previous CP1 experience in

freezing Dense sand samples showed a decrease in CRR it is also pre e to drill sufficient boreholes 7 n
and Joose sand samples showed an increase in CRR when —_ e - - - - :

obtained using a piston sampler, as compared with the re- | As mentioned earlier. it is cl
. E-—T-P- . . ) early useful to eval
sults of testing in situ frozen samples. The difference in \) y.useful to evaluate CRR '

_ . using more than one method,
CRR became more pronounced as the gensity of the sand in- L g_éggg—-/
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