
International Journal of Offshore and Polar Engineering (ISSN 1053-5381) http://www.isope.org/publications
Copyright © by The International Society of Offshore and Polar Engineers
Vol. 24, No. 4, December 2014, pp. 309–319

Characteristics of Intermediate Soil with Low Plasticity from Incheon, Korea
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In this study, a series of laboratory and in-situ tests were carried out to evaluate the undrained strength of intermediate
soil at a new port site in Incheon, South Korea. The Unconfined Compression (UC) test was examined in order to determine
its applicability for the measurement of the undrained strength of this soil. The experimental test results and literature
research were used to discuss the appropriate methods to evaluate the design parameters of low Ip (Plasticity Index) soils.
The strength incremental ratio 4su/p

′

c5 is one of the most important factors to evaluate the appropriate time of staged
embankment loading in the design of soft ground improvements. In Korea, Skempton’s equation has been widely used to
evaluate the strength of the incremental ratio. Therefore, the field applicability of this equation to intermediate soils with low
plasticity was evaluated by comparing the results against laboratory test results. Additionally, the drainage characteristics
of the new port site in Incheon were estimated by using the Piezocone Penetration Test (CPTU) results to determine whether
this ground was under fully undrained or partially drained conditions. Finally, the definition of intermediate soil was
discussed according to the strength and consolidation characteristics as well as the physical properties.

INTRODUCTION

In most cases of soil structure design, soil is classified for sim-
plicity as either sand or clay based on whether the soil structure is
dominantly constituted of particles or fine content, and the appro-
priate design methods are used to properly represent the soil’s
behavior. For example, when an external load is applied to cohe-
sionless soils such as sands and silts, contact forces arise between
the soil particles from the friction between these particles as they
make contact with one another.

For sandy soil, the state of its density (or packing) is important
since the state of the forces is transmitted between the soil parti-
cles. The shear strength (�5 of sandy grounds may be calculated
by using the following equation:

� = � ′

n tan�′ (1)

where � ′
n and �’ are the effective normal stress and the internal

friction angle, respectively.
Geotechnical engineers prefer to perform total stress analy-

sis for clayey soils, particularly for short-term analysis, because

Received May 23, 2014; revised manuscript received by the editors
September 18, 2014. The original version was submitted directly to the
Journal.

KEY WORDS: Intermediate soil, low plasticity, Piezocone Penetration
Test, undrained strength, strength incremental ratio, partially drained
condition.

there is uncertainty in predicting the excess pore water pressure
and the soils have a practically undrained nature due to very low
permeability. In such cases, � can be expressed in terms of the
undrained shear strength su (� = su). However, most soils in the
natural state are generally composed of a combination of sand,
silt, clay, etc., and it is difficult to simply classify such soils into
either sand or clay, because they possess both properties of sand
and clay. These kinds of soil are called intermediate soils, and
the design code for the construction of port and harbor facilities
in Japan (Japanese Port Association, 2007) classifies the ground
into clayey or sandy soil according to a soil size fraction of
0.074 mm present in the ground. When more than 80% of a soil
is composed of sand-sized particles, the soil is classified as sandy
ground, and an effective stress analysis is applied to the ground
stability analysis. In such an analysis, the soil parameter �′ is
generally estimated by using the Standard Penetration Test (SPT).
On the other hand, when less than 50% of the soil is sand, the
soil is considered to be clay, and therefore the total stress analy-
sis is applied to the design of various facilities on such ground.
Soils with between 50% and 80% of sand-sized content are called
intermediate soils, because these show an intermediate behavior
between sand and clay. For intermediate soils, the stability analy-
sis and the evaluation of su follow those of clayey soils. In addi-
tion, Geotech Note No. 2 (Japanese Geotechnical Society, 1992)
states that ground with a plasticity index between NP and 25%,
permeability between 10−7 cm/s and 10−4 cm/s, and a coefficient
of consolidation between 144 cm2/day and 14,400 cm2/day can be


