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In-situ undisturbed sand sampling by radial freezing for
liquefaction analysis.
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L. Lojelo
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Comitato Nazionale per 1'Energia Nucleare, CNEN, Rome, Italy

SYNOPSIS. The authors experimented in laboratory that if radial freezing with free drainage is per-
formed under an effective confining pressure of 100 kPa only an increase of the order of 0.5% of vo
lumetric strain takes place going from the unfrozen to the frozen condition. The sample comes back
to the original dimension after thawing. The displacements of the sample were measured by radio-
graphs of a lead shot network properly built inside the sample. The technique suggested by Yoshimi
and al. (1977) to freeze in situ a column of saturated sands was also verified and optimized in labo
ratory by simulating in a full scale test the site conditions. Finally 3.10 m length and 55 cm. dia-
meter sample of saturated sand was frozen at a well studied site by radial freezing technique, then
pulled out from the ground by a crane, sawed and stored in a freezer for future laboratory tests.

INTRODUCTION

Liquefaction of saturated sands during an earth- within the research program for Nuclear Safety, is
quake is one of the most serious cause of damages doing tests in situ and in laboratory to investiga-
for the structures founded on saturated sands. te the degree of disturbance induced by the freezing/
For siting of nuclear power plants liquefaction thawing process and to optimize the technique to
can be one of the most critical problem. At present get frozen samples of saturated sands from any

two main lines are followed to assess liquefaction pratical depth.

potential (Seed 1976). One is based on historical
data regarding sites which underwent or not lique-
faction during past earthquakes; the second one

compares data from cyclic strengths on undisturbed RECENT INVESTIGATION ON SAMPLING BY FREEZING

or reconstituted samples with the dynamic stresses

computed by site seismic response analysis. The Hvorslev (1949) reports the first attempt to use
first method is based on in situ tests (SPT) and on freezing to recover samplesup to 91 cm in diameter
evaluation of the in situ seismic stresses oc- with a sistem of freeze pipes driven all around a
curred during past earthquakes, the other one de- bore hole at Fort Peck Dam site.Recently Yoshimi,
fines a safety factor based on laboratory test Hatanaka and Oh-Oka (1977) have presented the first
data which are as good as the samples represent the example of in situ radial freezing to obtain sand
in situcondition. That is true also for all labora samples. The sampling technique involves the dri-
tory test but is the main point for dynamic test on ving of a buried freezing tube into the ground and
saturated sands. In fact undisturbed sampling of removing the soil from inside with a cup auger, Rea
saturated sand or reconstitution of samples in la- ched a selected depth, the lower end of the tube is
boratory with the in siturelative density, does sealed and the water inside is pumped out. Through
not warrant that the in situ soil characteristic a vinyl tube 30 mm diameter inserted in the free
are fully represented. Recent laboratory investi- zing tube, a mixture of ethanol and crushed dry
gation (Seed, Arango,Chan 1975) showed that other ice is continuously circulated at -40°C to -60°C
factors, such as soil structure, geologic history, for at least 16 hours. A column of frozen sand can
preshaking, over consolidation ratio, sampling di be obtained and pulled out of the ground. The au-
sturbance and preparation methods for reconsti- thors showed through one dimensional freezing test
tuted samples affect liquefaction potential. So with free drainage that under a minimum confining
the only way to overcome most of the above outlined pressure of 10 kPa no measurable volume change is
problems is to test samples as much as possible un- developed during the freezing. They showed also
disturbed. Radial Freezing proposed by Yoshimi et (Yoshimi et al..1978) that freezing and thawing pro-
al. (1977) is the most promising technique to get cess does not affect static strenght and deforma-
pratically undisturbed samples of saturated sand. tion characteristics of sands containing less than
CNEN, the Italian Committee for Nuclear Energy, 5 percent fines.Recent laboratory investigation
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led but by the crane, sawed and stored in a
freezer. During the test about 4000 1. of liquid
Nitrogen were consumed.

CONCLUSTION

A freezing thecnique to get from the site undi-
sturbed samples of saturated sand was investiga
ted. Preliminary laboratory tests showed that
radial freezing, if free drainage is allowed,
does not develope measurable volume change du-
ring freezing-thawing process. A laboratory full
scale test was carried out to reproduce the in
situ conditions and to investigate and to optimi
ze the sampling technique originally proposed
by Yoshimi et al. (1977). Finally a 3.10 m
lenght and 55 cm diameter sample of saturated
sand was frozen in situ by the radial freezing
technique and easyly pulled out from the ground.
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