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The in-ground type of LNG storage tank is constructed below ground level, except for its roof, and has a slurry wall
bearing soil and pore water pressure to store LNG in a safe condition. During the long–term operation, soil freezing
occurs around the in-ground storage tank, despite the insulation provided inside the concrete tank, due to the cryogenic
temperature of LNG. Experimental and numerical studies were conducted on the soil-freezing characteristics and on the
temperature distribution for an LNG storage tank constructed in coarse-grained and fine-grained soil; these are presented.
A major concern is the ability to predict the freezing pressure from the results of laboratory freezing tests. The freezing
pressure arising within the soil samples and the temperature of the samples inside were monitored with elapsed time. The
degree of saturation versus freezing pressure curve is presented for fine-grained soil samples, and the maximum pressure
is closely related to this curve. A time domain reflectometry apparatus was used to measure the volumetric water content
by measuring the unfrozen water contents of frozen soils. This paper presents the results of the numerical analysis for the
LNG storage tank in the West Sea LNG Receiving Terminal to evaluate the temperature distribution of 4 in-ground storage
tanks. The connected observation between the results of a laboratory freezing test and the numerical analysis has revealed
that the temperature variation of the concrete structure and soil is predictable, and the results are applicable in designing
the in-ground storage tank.

INTRODUCTION

The first liquefied natural gas (LNG) storage tank in Korea
was completed at the Pyeongtaek terminal in 1986. Since then,
LNG consumption has steadily increased, and the total storage
capacity has risen in line with the rising usage. In-ground stor-
age tanks have generally been used for the storage of LNG at a
temperature of −162�C. Because of this cryogenic temperature,
the soil surrounding the tank gradually freezes. If the freezing
zone would become too large, the freezing pressure on the tank as
well as on the foundations of other structures might reach harm-
ful proportions. The ice-lenses were developed downward against
the side wall of the storage tank, because of the shearing stress
from the freezing pressure (Goto and Ryokai, 1980; Goto et al.,
1985). Thus, an LNG storage tank needs high stability because
of the expansion due to the extremely low temperature. This, in
turn, requires a comprehensive understanding of frozen ground
phenomena, such as induced temperature distribution, interaction
of frozen ground and structure, etc. for the design and safety of
the storage system. Structural units embedded in frost-susceptible
soils can be subjected to significant forces associated with the
freezing of the soil. Forces are transmitted to the foundation by
vertical forces acting on the underside of a structural units, by
transfer of uplift forces through soil frozen to the sides of a units.
It is difficult to predict the magnitude of these mobilized heave
forces because of the many variables involved. These variables
include soil type and heterogeneity, variation of soil temperature
with time and depth, rate of freezing, availability of water. For
structures where heaving problems are anticipated and cannot be
avoided, field studies and laboratory experiments to determine
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design values for freezing pressure may be necessary. The freez-
ing pressure has been investigated by Domaschuk (1982), Kinosita
et al. (1963), Penner (1974), Yong and Osler (1971). The inves-
tigations included field tests, laboratory tests on small specimens,
and model tests on various types of soils.

When soil is frozen unidirectionally, the soil water sometimes
forms regions of ice that are almost devoid of soil particles. These
regions are called ice lenses, and repetition of the process results
in the formation of intermittent layers of ice lenses. The forma-
tion of ice lenses is recognized as a necessary condition for frost
heave and is also reported to occur in other porous media. Vari-
ous models have been developed to describe frost heave (Kujala,
1997; Konard and Mogenstern, 1982). From their findings, Dirk-
sen and Miller (1966), Hoekstra (1966) and Miller (1972) propose
that the ice lens grows somewhere in the freezing soil, slightly
behind the frost front, that is, the warmest isotherm at which ice
can exist in soil pores. The heaving process takes place at the
isotherm. However, the configuration of ice in a porous medium
depends significantly upon the conditions of freezing and the char-
acteristics of the medium. Direct evidence for the existence of the
frozen fringe was published by Loch and Kay (1978).

Taber (1929), Kinoshita and Ono (1963), and Miller et al.
(1960) experimentally measured both the amount of frost heave
and the heaving pressure. More significantly, however, it was
observed that the pressure not only develops in an ice-water sys-
tem, but is common to all growing crystals. Their experiment
differs from the previous laboratory experiments, which showed
that the center zone of the sample was restrained from heaving,
while the perimeter heaved freely. Friction forces along the loaded
area added to the frost-heaving pressure; this heaving pressure
increases with decreasing pore size, and the pore size charac-
teristics are related to soil parameters such as permeability and
capillarity.

Reclaimed soils can be subjected to large uplift force resulting
from freezing of the surrounding soils. Pressures are transmitted
to the structure by vertical forces acting on the underside of a


